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(57) ABSTRACT

In beam monitoring for detecting annihilation radiations pro-
duced by radiation irradiation in radiation therapy for cancer
which is performed by irradiating the affected area by X-rays,
gamma rays, or particle beams, a detector-shift type com-
bined radiation therapy/PET apparatus is provided with an
open PET device that includes a plurality of shiftable multi-
ring detector rings; and a radiation irradiation device that is
capable of irradiation with a radiation beam through between
the detector rings. The apparatus changes the positions of the
detector rings, performs irradiation with the radiation beam
through between the detector rings, and then performs radia-
tion measurement.
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Fig. 4

( A Irradiation field D/ 24

11 I
\
/

/ " Body axis
L nsursst

Retracted position Retracted position

/12

(B ) Irradiation field []/ 24 12
NG s

TI
\/
‘A1
j\

|

: 11U r
/ \% Body axis
1




Patent Application Publication

(A)

(B)

Radiation irradiation OFF

+
Detector movement ¢

ON
PET measurement (FF

Detector ring position

Apr. 14,2011 Sheet 5 of 25 US 2011/0084211 A1
Fig. 5
{ Stat )
M
Move to ring S1
_....Tetracted position
S 2
Radiation irradiation
S3
Move rings
54
PET measurement
Sbh
Restore rings
{ End
P4 P4 P4



US 2011/0084211 A1

Apr. 14,2011 Sheet 6 of 25

Patent Application Publication

10)10918p poxi4 [

o &€

(pexiy sbul apis)
sbBuu xig (0)

e

o108)ep BUuino D eale uadQ _“\

44 1z

(paxiy sBull Jsuul)

sBull o4 (q)

9 ‘B4

Y (pusben)

|

A
zl

sBuLl om |

(

e)

b

(shem om])
[elered

(Aem auQ)
9jeled

(sAem om])
uoponpay

(Aem suQ)
uononpey



Patent Application Publication  Apr. 14,2011 Sheet 7 of 25 US 2011/0084211 A1

Fig. 7

(a) Six rings (outer rings fixed) (b) Eight rings (two outer rings fixed)

(c) Six rings (none fixed)

il

(Legend) {' \} Open area D Moving detector | Fixed detector




US 2011/0084211 A1

Apr. 14,2011 Sheet 8 of 25

Patent Application Publication

HIys pepis-suQ (o)

\

¢l —1

Uiys |9jjeted (q)

paulejuiewl © Yim g Aq Yys

‘ ‘
1 1
O O O

i

A

uiys yoeouddy (e)

£) 9SBBIDOP/OSEDIOU]

D —
—p e
QO O 0

—— 7] —

i

Q b




US 2011/0084211 A1

Apr. 14,2011 Sheet 9 of 25

Patent Application Publication

oy deb eese uado jo aseslosp/aseslou] (q)

874

( OAIND OREIPEND) WWIDSESLD

(anjeA anie|al) swi |

Gi Ol

(o
_ 0%~

(AeuopelSiWWQ « €GLD 3

;7 A e €619 D

+

4

W//eehlo d

“~

S
.

BUSON VY

e

Q
in

[
o
—

[}
Lo
-~

[
o
o

[Luw] o o deb ease usadQ

uonnguisip Ajialsues (e)

[ww] sixe Apog

ool

0

0oL~

0oe-

ooe-

6 01

00 v
@
=3

zo &
<.

Vo =
~
@

o0 2
<
>

80 §
c
o

01~



US 2011/0084211 A1

Apr. 14,2011 Sheet 10 of 25

Patent Application Publication

o def eale uado jo asesiosp/esesiou) (d)

0z

(8anjen anne|al) aulij

Si

ol S

wwp < 20€9 4

Wizje 208D
0

wweggl < /0€9 8

HUS ON VY

oo

uonnqUIsip AyAnIsuSS (e)

[ww] sixy Apog

0

00¢-

00~

o O
o

0si

o
=
eale usadQ

00
Q
0ge

o d

00E 3’

00¢
o /

06 =

I E

00

[As]

¥0

20

80

o'l

(enjen anne|al) AllAIsueg



Patent Application Publication  Apr. 14,2011 Sheet 11 of 25 US 2011/0084211 A1

&
£ &
e
mw%
EEE c
RS T 8
NE K 25 £
[a ¥y S 38
o £
= z =
& T
o 12 v Q@
iy p—
= < ° 2
=
@ < E o
£ O
P 0
o©
Ll
4 Q
o O O O O O O o O
o 4 O W w0 O w O
N - L e R & |
F LI | ]
-~ fww] g Jiys j9jesed Jo junowy
Ro
L. S
<
o
e
0 o =
& E 2
£ o
Q — B
) o
=
< =
< £
fia] O Lt © o> B
< 'g 7]
o
m &
n
o ©
Fuw) Natger”
o
i
o
i, ] I | O
¥
< 2e) o ) (o] [w}
- ©o © © o o

(enjen anejal) AjAlisusg



US 2011/0084211 A1

Apr. 14,2011 Sheet 12 of 25

Patent Application Publication

sixe Apog 8y} uo 18jusd 10}08)8p 8y}
JO uolyisod sy} jo sejeulpiood (q)

oc

(enjea anjelal) swil]

gl

ol g

-

(paxy) | Jojp8ied

2 10109)18(]

- o= e

Y
- o o e

00¢-
064~
a0~
06-

0s

00}
05t
ooz

[ww] uonisod isjusd 1010938(]

¢l

uonngLisip Ajiaiisuag (&)
[wwy] sixy Apog
002 004 0 001~

00e-

14

00g-
oo P
-
@
120 =
<.
<
1 v0 =
=
®
g0 &
<
o
1 80 «
8
, Lo
0L &



US 2011/0084211 A1

Apr. 14,2011 Sheet 13 of 25

Patent Application Publication

sIXe Apoqg ey} Uo Jsjuad 10josiap au}
JO uonisod ayj jo sejeulpioo) (q)

0z

(anjeA aAljeal) sl

gl

0l

¢ 1030912

00¢-
0§~
004~
0g-

0s

00k
05t
ooe

uonngusip Ayanisuss (e)

[wwi] sixy Apog

00l

0

00L-

00z

o0g-

[wiw] uoljisod Jsjuad Jopeleg

€l b4

00

20

#0

20

80

o'l

(enjen aAnejal) AliAjisuag



US 2011/0084211 A1

Apr. 14,2011 Sheet 14 of 25

Patent Application Publication

aalAep UohaNIsUooal

abew)

(OiBUIIou] UDS0
0%, B Ul LoR nm_ 89 99,
S21ASP UOI109|j0D HN2I0
29 > 110.1 | e oo o] @OIABD jONUOD alosU0N
1e(] (11 E1Eep aouspidUInD uopisod Ajueb
B “Blesy |Lopsod Anueoioized
as elep wane sbuig {0HUCD LUofiie0d
Bulieys uopetlIo .
_\_ —— — ey i} U] 79 _AN%_J
29/ R N = /
A, -
8 qs
/ / 7€
\(\l/\lll\ — /(.\\.\J J SiXe-x < j
sixe-z V g T —— - \
proy uoperpen -+~ VA
44 B e,
. uonenunooe
SPHINN
L ,Eu N
n_ow\ ERTER) r mom\_ mmxm;f
uoneiper] LiL
UoREIpEY (MOIA
(M31A JO DIl Jo eale)
vz/ wenshs 10U od usne
UOHBLLLIOJU] %082 uoie|pely 4 »!_.&Hz.,_xmw soIAap LONEIpEL)| HOG jusied EL
Juoneuoju Buiuonisod UoHeIpEL] ~82

¥

AL



US 2011/0084211 A1

Apr. 14,2011 Sheet 15 of 25

Patent Application Publication

fenuw] swig 02 8 9L % zL 0L 8 9 ¥ 4
m

T~ T T A, :
JusWBINsesl |94  Uonelpe.)

uonelpe;
uone|IyIuuY

I -

[-48




Patent Application Publication  Apr. 14,2011 Sheet 16 of 25 US 2011/0084211 A1

Fig. 16
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Fig. 17
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DETECTOR-SHIFT TYPE COMBINED
RADIATION THERAPY/PET APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a detector-shift type
combined radiation therapy/PET device which can efficiently
measure radiation occurring from short-lived nuclides at the
time of monitoring for detecting annihilation radiation pro-
duced by radiation (also referred to as beam) irradiation in
radiation therapy for cancer which is performed by irradiating
the affected area with X-rays or particle beams, even if, in
particular, the detectors are located away from the irradiation
field during the beam irradiation.

BACKGROUND ART

[0002] Positron emission tomography (PET) is attracting
attention as an effective test method for earlier diagnosis of
cancer. 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 metabolic functions such as sugar metabolism and
check for a disease and its extent. PET devices for practicing
PET have been put into actual use.

[0003] 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 according to the principle of coin-
cidence counting. The position of the nuclide can thus be
located on a single line (coincidence line) that connects the
pair of detectors. An axis from the patient’s head to feet will
be defined as a body axis. The distribution of nuclides on a
plane that perpendicularly crosses the body axis is deter-
mined by two-dimensional image reconstruction from data
on coincidence lines on the plane, measured in various direc-
tions.

[0004] Early PET devices therefore have had a single-ring
detector in which detectors are closely arranged in a ring
shape on a plane to be the field of view so as to surround the
field 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 field of view
has subsequently been extended to three dimensions. Since
1990s, 3D mode PET devices have been actively developed
which perform coincidence measurement even between
detector rings with a significant improvement in sensitivity.

[0005] For cancer detected by the PET diagnosis or the like,
treatments 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. Among
the methods of particle beam irradiation is conventional bolus
irradiation where the irradiating beam is spread out to the
shape of the affected area. In addition, spot scanning irradia-
tion is under study, where the affected area is scanned with a
pencil beam according to its shape and the like. In any case,
the direction and dose of the irradiation beam are precisely
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controlled according to a treatment plan which is thoroughly
calculated based on X-ray CT images or the like obtained
separately.

[0006] The patient positioning accuracy is the key to
administer treatment in precise accordance with the treatment
plan. The irradiation field is often positioned based on an
X-ray image. In general, X-ray images fail to provide a suf-
ficient contrast between tumor and normal tissue, and it is
difficult to identify a tumor itself for positioning. In addition
to such misalignment of the irradiation field 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. Under the present circumstances, it is difficult
to accurately identify whether irradiation is performed
according to the treatment plan. Even if the actual irradiation
field deviates from the treatment plan, it is not easy to detect.

[0007] To solve the foregoing problems, attention is being
given to a method of imaging the irradiation field in real time
using the PET techniques. In the method, no PET medicine is
administered. Instead, annihilation radiations produced by
particle beam irradiation or X-ray irradiation through a pro-
jectile fragmentation reaction, target fragmentation reaction,
and photonuclear reaction 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 verification by PET imaging of pho-
tonuclear reactions following high energy photon therapy,”
Phys. Med. Biol., vol. 51 (2006) pp. 5769-5783).

[0008] Inanordinary PET device, detectors are arranged in
a ring-like configuration. To install the detectors in combina-
tion with a treatment device, they need to be arranged so as not
to interrupt the treatment beam. Studies have so far been made
on an opposed gamma camera type PET device in which two
flat 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).

[0009] To improve the sensitivity of a PET device, as illus-
trated in FIG. 1(a), the detectors need to be closely arranged
in a tunnel-like configuration to form a multi-ring detector 10
with a wide solid angle (in the diagram, the angle formed
between two lines that connect the center of the maximum
sensitivity area and the respective ends of the detector ring in
the direction of the body axis). The long tunnel-shaped
patient port, however, increases psychological stress on the
patient 6 under examination as well as obstructs the patient’s
treatment. In view of this, the applicant has proposed an open
PET device as exemplified in FIG. 1(b) in which a plurality of
multi-ring detectors 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 field of view (also
referred to as an open field of view). As shown in FIG. 2,
images in the open area are reconstructed from the coinci-
dence lines between the remaining multi-ring detectors 11
and 12. In the diagram, 8 represents a bed.
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[0010] As shownin FIGS. 1(4) and 2, the open PET device
is designed to have two split detectors of identical width
(Taiga Yamaya, Taku Inaniwa, Shinichi Minohara, Eiji
Yoshida, Naoko Inadama, Fumihiko Nishikido, Kengo
Shibuya, Chih Fung L.am and Hideo Murayama, “A proposal
of'an open PET geometry,” Phy. Med. Biol., 53, pp. 757-773,
2008). The open PET device is suitable for beam monitoring
in radiation therapy since the beam irradiation can be per-
formed without interfering with the detectors.

[0011] Asshown in FIG. 3, the field of view is 2W+G in the
direction of the body axis, where W is the dimension (also
referred to as width) of the detectors 11 and 12 in the direction
of the body axis, and G is the dimension (also referred to as
gap) of the intervening open area between them in the direc-
tion of the body axis. As shown in FIG. 3(¢), if the open area
gap G exceeds W, the imaging area becomes discontinuous in
the direction ofthe body axis. The upper limit of the open area
gap G to obtain a field of view continuous in the direction of
the body axis is thus W as shown in FIG. 3(). However, the
sensitivity concentrates at the center of the open area and
drops significantly in the periphery of the open area. To sup-
press the extreme sensitivity drops at both ends of the open
area, G needs to be set smaller than W as shown in FIG. 3(a).
This, however, narrows the open area gap and the field of view
in the direction of the body axis (see the foregoing document).
[0012] Since the open PET device previously proposed by
the applicant has had the problem that the sensitivity concen-
trates at the center of the open area and drops significantly in
the periphery of the open area, it has been needed to increase
W relative to G in order to suppress the local sensitivity drops.
The maximum values of the open area gap and the field of
view in the direction of the body axis are limited to W and 3W,
respectively. It has thus been needed to increase W itself in
order to expand the open area gap and the field of view in the
direction of the body axis further. In any case, there has been
the problem that the increased number of detectors to consti-
tute each multi-ring detector makes the device higher in price,
larger in size, and more complicated in configuration.
[0013] For a conventional non-open PET device, a method
of moving the PET device itself relative to the bed while
performing radiation measurement has been used to measure
awider field of view with the detector ring of a limited field of
view (Japanese Patent Application Laid-Open No. 2007-
206090, Kitamura K, Takahashi S, Tanaka A et al., “3D con-
tinuous emission and spiral transmission scanning for high-
throughput whole-body PET,” Conf. Rec. IEEE NSS & MIC.
M3-2, 2004). Such a method, however, provides no solution
to the problems of the open PET device.

[0014] The open PET device is suitable for beam monitor-
ing in radiation therapy since the beam irradiation can be
performed via the gap between the detector rings without
interfering with the detectors. The beam irradiation, however,
may cause a performance drop or a failure of the detectors in
cases such as when the detector circuit system is affected by
the beam itself. During the beam irradiation, the detectors
therefore need to be separated from the irradiation field by or
more than a safe distance of several tens of centimeters. In
order to expand the open area gap G, as mentioned previously,
the dimension W of; the detectors in the direction of the body
axis need to be increased. The upsizing of the device is unde-
sirable, however, since it leads to higher price and limited
installation location. There is another problem in that the
solid angle decreases to lower the radiation detection sensi-
tivity. It is known that the beam irradiation can produce a large
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amount of prompt gamma rays which serve as noise compo-
nents to the PET measurement. The PET measurement data
during the beam irradiation is often in a condition not suitable
to imaging. Consequently, there is a need for a technology to
stagger the irradiation and measurement time zones, thereby
acquiring measurement data of high S/N ratio which is useful
for image reconstruction. The radiation irradiation device and
the PET device may be installed at a distance on the same rails
so that the bed, after radiation irradiation, is moved from the
radiation irradiation device to the PET device for measure-
ment. Nevertheless, it takes time to transfer the bed while the
nuclides produced by the radiation adiation have an
extremely short half-life of about several tens of seconds to 20
minutes. The nuclides may also move within the living body
due to the blood flow and other factors. It is therefore not
possible to approach the irradiation field in time. This being
the case, it is needed to provide a technology for approaching
the irradiation field by other methods and perform PET mea-
surement as quickly as possible.

DISCLOSURE OF THE INVENTION

[0015] The present invention has been achieved to solve the
foregoing conventional problems. It is thus an object of the
present invention to prevent a performance degradation or a
failure of the detectors due to the radiation irradiation, and
create an image of the distribution of short-lived nuclides so
as to cover up to the peripheral areas of the irradiation field.
[0016] The presentinvention includes: an open PET device
including a plurality of detector rings that are arranged to be
opposed to each other in a direction of a body axis and
perform radiation measurement inside bores thereof; and a
radiation irradiation device that is capable of irradiation with
a radiation through a space between mutually-adjoining ones
of the detector rings, thereby forming an irradiation field in
the space. At least either one of two space-forming detector
rings forming the space is a movable detector ring. The mov-
able detector ring is located in a retreated position away from
the irradiation field so as to avoid damage from irradiation
during the radiation irradiation, and performs radiation mea-
surement while moving on an irradiation-field side of the
retreated position after the irradiation. Consequently, a per-
formance degradation or a failure of the detectors due to the
beam is prevented, and radiation measurement is performed
in close proximity to the irradiation field to create an image of
the distribution of short-lived nuclides in the vicinity of the
irradiation field.

[0017] FIG. 4 shows the basic configuration of two detector
rings and a radiation irradiation device. In FIG. 4, two mov-
able detector rings 11 and 12 capable of moving in the direc-
tion of the body axis are opposed to each other. Radiation
measurement is performed in the cylindrical hollow space
area through the bores of the two detector rings. The radiation
irradiation device 24 irradiates an irradiation field, which is
established in the space area in the vicinity of the body axis,
with radiation through the space that is formed between the
two detector rings 11 and 12 (space-forming detector rings).
FIG. 4(A) shows a state where both the detector rings 11 and
12 are in a retracted position (which refers to respective
positions away from the irradiation field so as to avoid dam-
age from the radiation irradiation; outside of the shaded area).
FIG. 4(B) shows a state where both the detector rings 11 and
12 move from the retracted position shown in FIG. 4(A)
toward the irradiation field, coming closest to the irradiation
field after the end of the radiation irradiation.
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[0018] The operating order ofthe two space-forming detec-
tor rings and the radiation irradiation device of FIG. 4 will be
described with reference to the flowchart shown in FIG. 5(A).
Each detector ring reciprocates between its retracted position
and the proximity of the irradiation field. More specifically,
the detector rings are moved to the retracted position (S1)
before radiation irradiation. In such a position, it is not pos-
sible to create a precise image of the irradiation field due to a
significant drop in sensitivity in the periphery of the open
area, as well as a small solid angle. When the radiation irra-
diation (S2) ends, the detector rings are then immediately
moved from the retracted position toward the irradiation field
(83), thereby compensating a drop in sensitivity in the periph-
ery of the open area for radiation measurement (S4). The
detector rings are restored to the retracted position (S5). Here,
the measurement of PET at step S4, i.e., the radiation mea-
surement for obtaining data useful for image reconstruction
will be referred to as PET measurement. The same holds for
the following.

[0019] The operating timing of each component in the fore-
going operation will be described with reference to the time
chart shown in FIG. 5(B). The time chart shows the ON and
OFF ofthe radiation irradiation, the direction of movement of
the detectors (+: on an approach toward the irradiation field,
—: on a return away from the irradiation field, O: at rest), the
ON and OFF of'the PET measurement, and the position of the
detector rings. When the radiation irradiation ends, the detec-
tor rings in the retracted position immediately start moving on
the approach toward the irradiation field. At the same time, it
becomes possible to perform the PET measurement. Reach-
ing a predetermined position (P4) closest to the irradiation
field, the detection rings reverse their direction of movement
and move on the return toward the retracted position. The
detection rings reach the retracted position, and the PET
measurement ends. When a next radiation irradiation is
started, the foregoing pattern is repeated. The repetition lasts
until the end of the irradiation plan.

[0020] Hereinafter, the configuration and moving pattern of
the detector rings will be described in detail.

[0021] FIG. 6 shows typical patterns of the configuration
and moving directions of the detector rings. FIG. 6(a) shows
a configuration where two split detection rings 11 and 12 both
are movable with an open area therebetween. FI1G. 6(5) shows
a configuration where two split detector rings (21, 22), (23,
24) are arranged on the right and on the left. The two outer
detector rings 21 and 24 are fixed. The two center detector
rings 22 and 23 are movable with an open area therebetween.
FIG. 6(c) shows a configuration where three split detector
rings (31, 32, 33), (34, 35, 36) are arranged on the right and on
the left. The four outer detector rings 31, 32, 35, and 36 are
fixed. The two center detector rings 33 and 34 are movable.
The space between the movable center detector rings 33 and
34 is the open area.

[0022] In any case, the movable detector rings may be
moved in directions such as shown in FIG. 6. The examples
include where the two detector rings move toward each other
(reducing the gap), the two shift with a certain distance ther-
ebetween (parallel), and the two move in the same direction
with the gap increasing or decreasing. The movable detector
rings may be moved in one way or two ways. Either one ofthe
detector rings may be moved alone.

[0023] FIG. 7 shows configuration examples where the
number of movable detector rings or the number of rings is
increased.
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[0024] The PET measurement may be performed either
continuously in motion or at rest after moves. During the
measurement, the moving speed may be changed. The move
and rest may be repeated in small steps. The step width may
be changed.

[0025] In the present invention, the detectors are located
away from the irradiation field during beam irradiation. The
detectors are moved toward the irradiation field immediately
after the end of the beam irradiation as quickly as possible so
that the PET measurement is performed with a large solid
angle. The PET measurement is also performed on the
approach, collecting more PET measurement data. This
makes it possible to measure radiation occurring from short-
lived nuclides efficiently with a high S/N ratio.

[0026] Since local sensitivity drops in the open area are
suppressed, it is possible to improve the image quality of the
entire open space including the peripheral areas as well as the
center of the open space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1(a) includes a perspective view and a cross-
sectional view showing the configuration of a conventional
typical PET device, and FIG. 1() includes a perspective view
and a cross-sectional view showing the configuration of an
open PET device that has previously been proposed by the
applicant;

[0028] FIG. 2 is a cross-sectional view showing the prin-
ciple of image reconstruction in an open PET device;

[0029] FIG. 3 includes cross-sectional views and graphs
showing the relationship between the open area gap and sen-
sitivity of an open PET device;

[0030] FIG. 4 is a diagram showing the relationship
between space-forming rings and an irradiation field;

[0031] FIG. 5includes a flowchart and a time chart showing
the operation of movable detector rings;

[0032] FIG. 6 is adiagram showing configuration examples
of'the open PET device for use in the present invention;
[0033] FIG. 7 is adiagram showing configuration examples
other than those of FIG. 6;

[0034] FIG. 8 is a diagram showing the states of (a) an
approach shift, (b) a parallel shift, and (c) a one-sided shift
according to a configuration example of the present inven-
tion;

[0035] FIG. 9 is a diagram showing examples of (a) the
sensitivity distribution and (b) the decreasing and increasing
pattern of the open area gap with an approach shitt;

[0036] FIG. 10 is a diagram showing examples of (a) the
sensitivity distribution and (b) the decreasing and increasing
pattern of the open area gap with an approach shift, the
examples being other than those of FIG. 9;

[0037] FIG. 11 is a diagram showing examples of (a) the
sensitivity distribution in a parallel shift and (b) the parallel
shift pattern;

[0038] FIG. 12 is a diagram showing examples of (a) the
sensitivity distribution and (b) the coordinates of the positions
of'the detector centers on the body axis with a one-sided shift;
[0039] FIG. 13 is a diagram similarly showing other
examples of (a) the sensitivity distribution and (b) the coor-
dinates of the positions of the detector centers on the body
axis with a one-sided shift;

[0040] FIG. 14 is a diagram showing a first embodiment of
the present invention;

[0041] FIG. 15 is a diagram showing the operation of the
first embodiment;
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[0042] FIG.16is adiagram showing a second embodiment
of the present invention;

[0043] FIG.17isadiagram showing a third embodiment of
the present invention;

[0044] FIG. 18 is a diagram showing an example of the
moving patterns of the irradiation field and the detectors
according to the second and third embodiments;

[0045] FIG. 19 is a diagram showing another example of
the moving patterns of the irradiation field and the detectors
according to the second and third embodiments;

[0046] FIG. 20 is a time chart showing an example of res-
piratory-gated control;

[0047] FIG. 21 is a time chart showing another example of
the respiratory-gated control;

[0048] FIG. 22 is a time chart showing the operation of the
respiratory-gated control;

[0049] FIG. 23 is a time chart showing the operation of a
fourth embodiment of the present invention.

[0050] FIG. 24 is a diagram showing a fifth embodiment of
the present invention;

[0051] FIG. 25 is a flowchart showing the operation of the
fifth embodiment; and

[0052] FIG. 26 is a time chart showing the operation of the
fifth embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0053] Hereinafter, embodiments of the present invention
will be described in detail with reference to the drawings.
[0054] The configuration and the detection sensitivity dis-
tribution of the detector rings will be described.

[0055] Based on a commercially available PET device, a
computer simulation was performed for situations where
detector rings 11 and 12 were horizontally arranged apart as
shown in FIG. 8, the detector rings being composed of 32
detection element rings (4.8 mm in width) each including 576
detector elements (scintillators) arranged on a circumference
with a diameter of 827 mm. The detector ring width W was
153.6 mm.

[0056] The moving directions tested include where the
open area gap G decreases and increases as shown in FIG.
8(a) (referred to as an approach shift), where the right and left
detector rings shift by S with the open area gap G maintained
constant as shown in FIG. 8(b) (referred to as a parallel shift),
and where either one of the detector rings shifts by itself as
shown in FIG. 8(c) (referred to as a one-sided shift).

[0057] FIG. 9 shows the results of trials with an approach
shift. FIG. 9(a) shows sensitivity distributions resulting from
five moving methods A to E. FIG. 9(b) shows time variations
of'the open area gap G. A shows a conventional case where the
detector rings are fixed at G=153 mm. Significant drops are
observed in the sensitivity distribution. B and C are where G
is reduced from 153 mm to 77 mm and 0 mm at constant
speed, respectively, and then increased to 153 mm again at
constant speed. It can be seen that the sensitivity drops which
were observed in the conventional case are suppressed. E is
where the moving speed of C is doubled, with an additional
rest at G=0 mm. Itis shown that the longer stay of the detector
rings at the device center improves the sensitivity character-
istic further. D is an example where the moving speed of C is
modified into a quadratic curve. As with E, the sensitivity
characteristic is improved. The mechanical load to turn back
the detector rings can also be reduced.
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[0058] FIG. 10 shows the results of similar trials with an
approach shift, whereas the open area gap G had an initial
value of 307 mm. FIG. 10(a) shows sensitivity distributions
resulting from four moving methods A to D. FIG. 10(b) shows
time variations of the open area gap G. A shows a conven-
tional case where the detector rings are fixed at G=307 mm.
There are two dead regions of considerable size. B to D are
where G is reduced from 307 mm to 153 mm, 77 mm, and 0O
mm at constant speed, respectively, and then increased to 307
mm again at constant speed. It can be seen that the sensitivity
drops which were observed in the conventional case are sup-
pressed. In any case, the approach shift characteristically has
the same peak value at the center of the sensitivity distribu-
tion.

[0059] FIG. 11 shows the results of trials with a parallel
shift, where the open area gap is fixed at G =307 mm. FIG.
11(a) shows sensitivity distributions resulting from five mov-
ing methods A to E. FIG. 11(b) shows the parallel shift pat-
terns. The detector rings were shifted to reciprocate at con-
stant moving speed. A shows a conventional case where the
detector rings are fixed. Significant drops and dead regions
are observed in the sensitivity distribution. B to D are where
the detector rings are shifted by 77 mm, 153 mm, and 230
mm, respectively. It can be seen that the peak of the sensitivity
distribution scatters and the uniformity of the sensitivity dis-
tribution improves with the increasing amount of shift. E is
the case where the detector rings are shifted up to 307 mm. A
comparison with D shows that new sensitivity peaks appear
conversely.

[0060] FIG. 12 shows the results of trials with a one-sided
shift. FIG. 12(a) shows sensitivity distributions resulting
from three moving methods A to C. FIG. 12(4) shows the
coordinates of the detector centers of the left and right detec-
tor rings (detector 1 and detector 2) on the body axis. In each
case, the detector 1 is stationary and the detector 2 alone is
movable. The gap at time 0 is G=153 mm. In A to C, the gap
is reduced down to 0 mm, 77 mm, and 115 mm, respectively.
The sensitivity peak of the shifted detector 2 (right in the
chart)is dispersed to suppress the local sensitivity drops in the
open area.

[0061] FIG. 13 shows the results of trials with a one-sided
shift where the stationary detector ring is switched. FIG.
13(a) shows sensitivity distributions resulting from three
moving methods A to C. FIG. 13(5) shows the coordinates of
the detector centers of the left and right detector rings (detec-
tor 1 and detector 2) on the body axis. In each case, the
detector 1 is stationary and the detector 2 is movable between
time 0 and 10. The detector 2 is stationary and the detector 1
is movable between time 10 and time 20. The gap at time 0 is
G=153 mm. A to C are cases where the minimum gap is 0 mm,
77 mm, and 115 mm, respectively. It can be seen that the
sensitivity peak is dispersed to suppress the local sensitivity
drops. The effect is symmetrical, and increases with the
increasing amount of shift.

[0062] An open PET device with two split detector rings
has a sensitivity distribution that has a center peak and about
half peaks on the right and left. The approach shift maintains
the center peak and shifts the right and left peaks toward the
center to fill the sensitivity recesses. Such a method improves
the image quality of the open area alone. The parallel shift has
the effect of flattening out the sensitivity peaks to fill the
sensitivity recesses. Such a method improves the image qual-
ity of not only the open area but also the entire field of view
along the body axis.
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[0063] Next, a description will be given of an embodiment
of'the present invention where the open PET device is applied
to beam monitoring in radiation therapy. FIG. 14 shows the
configuration of a first embodiment. Two identical ring-
shaped detector rings (space-forming detector rings) 11 and
12 are arranged in parallel as independent gantries (60a, 605),
and a radiation irradiation device 24 is inserted into the space
between the detector rings 11 and 12, whereby treatment
monitoring of observing one and the same treated area imme-
diately after treatment by PET is implemented.

[0064] Specifically, the embodiment includes the detector
rings 11 and 12, gantry covers 60a and 605 which cover the
respective detector rings, and a bed 8 on which a patient 6 lies.
The gantries are each equipped with wheels 62, and have the
function of moving in the direction of the body axis on com-
mon or different rails 64.

[0065] A therapy beam 22 produced from the radiation
irradiation device 24 passes through the spatial gap area
between the detector rings 11 and 12, and irradiates the irra-
diation field of the patient 6 without interfering with the PET
gantries (60a, 605).

[0066] In FIG. 14, the radiation irradiation device 24 and
the PET device are controlled by an irradiation device control
system 26, into which an irradiation plan program is input,
and a gantry position control device 68. The irradiation device
control system 26 includes irradiation position setting means
for setting the irradiation position of the radiation, and radia-
tion irradiating means for irradiating the irradiation position
of'the radiation with an irradiation beam. The gantry position
control device 68 includes position setting means for setting
movable detector ring positions, and sets the positions of the
movable detector rings in the position setting means based on
irradiation timing information on the radiation irradiating
means.

[0067] The movable detector rings have not-shown moving
means which includes a servo motor, a ball screw actuator, an
encoder, the wheels 62, and the rails 64. The moving means
moves the movable detector rings to set positions that are set
by the position setting means.

[0068] The irradiation position setting means which con-
trols an electromagnet, a collimator, a scatterer, a ridge filter,
a slit, and the like sets an irradiation position in the irradiation
field. The radiation irradiating means which projects X-rays
or gamma rays irradiates the set position with the beam of
predetermined shape.

[0069] The PET device measures radiations produced by
the irradiation in the vicinity of the affected area, and recon-
structs PET images based on the collected data. The resulting
PET images are fed back to the irradiation device control
system 26 and used for positioning the irradiation field,
checking the effect of the treatment, and modifying the treat-
ment plan.

[0070] Next, the method of processing the measured data
will be described. Nuclides 7 in the body of the patient 6 emit
pairs of annihilation radiations 7a¢ and 76 which travel at
angles of approximately 180° from each other in all direc-
tions. Single event data SD, which is the measured data on
either one of a pair of annihilation radiations 7a and 75, is
transmitted from the detector rings 11 and 12 to a common
coincidence circuit 40. The single event data SD is converted
into list mode data LD which is the information on the coin-
cidence pair between the detector rings 11 and 12.

[0071] The list mode data LD is stored by a data collection
device 42 into a recording medium before transmitted to an
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image reconstruction device 44 for image reconstruction
operation. The reconstructed image is then displayed by an
image display device 46.

[0072] The movement of the detector rings 11 and 12 is
controlled by the gantry position control device 68 based on
gantry position information which is specified from a console
device 66. The gantry position information is either included
into the list mode data LD through the coincidence circuit 40
or directly transmitted to the image reconstruction device 44
so that the calculation for image reconstruction operation can
be performed based on the actual position information on the
detectors.

[0073] The detector rings measure the beam irradiation all
the time. It is known that the beam irradiation can produce a
large amount of prompt gamma rays which serve as noise
components to the PET measurement. The data measured
under the beam irradiation is not suitable for imaging. To
prevent load on the data collection system, it is therefore
desirable that the data collection step be provided after a data
select step of selecting only data for image reconstruction. If
the data collection system can bear more loads, the data select
step may be provided after the data collection step.

[0074] Next, a description will be given of an embodiment
of the present invention where a detector shift (approach
shift) is applied. In some cases, only a single administration of
beam irradiation may be sufficient. A plurality of administra-
tions may sometimes be needed. Assume here that two-
minute irradiations are performed at an interval of eight min-
utes. As mentioned previously, when the PET device detects
annihilation radiations produced by the beam irradiation,
consideration must be given to the following two points:
[0075] (1) The beam irradiation can cause damage to the
detectors, such as a circuit breakdown.

[0076] (2) The nuclides produced by the beam irradiation
have an extremely short half-life of several tens of seconds to
20 minutes.

[0077] Then, as shown in FIG. 15, (a) the detector rings 11
and 12 are located away from the irradiation field while the
beam irradiation is performed through an irradiation port 56.
When the irradiation ends, (b) PET measurement is con-
ducted while the detector rings 11 and 12 are moving closer
with each other. Start moving immediately after the end of the
irradiation, the detector rings 11 and 12 can quickly approach
the irradiation field to measure all the radiations occurring
from the short-lived nuclides. FIG. 15(c) shows an example of
time variations of the open area width G, where (a) during
irradiation, the detector rings 11 and 12 are located 40 cm
apart, and (b) after irradiation, the detector rings 11 and 12 are
moved to approach up to 20 cm. The foregoing movement
may be applied not only to bolus irradiation but to spot scan-
ning irradiation as well.

[0078] Next, a second embodiment of the present invention
where a detector shift (parallel shift) is applied to spot scan-
ning irradiation will be shown in FIG. 16. The diagram shows
the spot scanning irradiation in which the irradiation field is
further divided into a plurality of layers of zones parallel to
the detector rings. The layers are each scanned and irradiated
with the beam spot, moving from one layer to another in
succession. With the center of a tumor or other reference
position as m0, the reference positions of the left and right
detector rings when the center of the open area falls on m0
will be referred to as p0 and q0, respectively. In the spot
scanning irradiation, the tumor is scanned with pencil beam
irradiation in a short time so that the entire tumor is covered



US 2011/0084211 Al

with spot-like irradiation fields. After the irradiation, the
detector rings are parallel shifted in the direction of the body
axis so as to follow the layer movement of the spot scanning
irradiation, whereby the distribution of short-lived nuclides
can be effectively detected to create precise images of the
tumor and its periphery. Specifically, assuming that the cur-
rent position of the irradiation field of the pencil beam is m
(m=m0+s), the left and right detector rings are shifted by s so
that their current positions come to p=p0+s and q=q0+s,
respectively.

[0079] FIG. 17 shows a spot scanning method in which the
entire irradiation field is divided into a plurality of layers of
zones perpendicular to the irradiation axis, and the layers are
each scanned and irradiated with the beam spot, moving from
one layer to another in succession. This provides a third
embodiment where the detector rings 11 and 12 are moved
(parallel shifted) in the direction of the irradiation axis in line
with the vertical movement of the irradiation field of the spot
scanning irradiation. With the tumor center or other reference
position as m0, the reference vertical position of the detector
rings 11 and 12 when the center of the open area falls on m0
will be referred to as p0. After the irradiation, the detector
rings 11 and 12 are moved up and down in the direction of the
irradiation axis so as to follow the layer movement of the spot
scanning irradiation, whereby the distribution of short-lived
nuclides can be effectively detected to create precise images
of'the tumor and its periphery. Specifically, assuming that the
current position of the irradiation field of the pencil beam in
the vertical direction is m (m=m0+s), the detector rings 11
and 12 are shifted by servo motors 65 by s so that their current
positions come to p=p0+s. Both in the second embodiment
and the third embodiment, it is preferred that the detector
rings are controlled to follow the layer movement with a
constant time difference from the irradiation of each layer.
The distribution of short-lived nuclides can be detected more
efficiently if the radiation irradiation is once suspended for
PET measurement when the irradiation moves to a new layer.
[0080] While the second and third embodiments have dealt
with the cases of moving both the detector rings 11 and 12,
either one of the detector rings may be moved alone.

[0081] FIG. 18 shows an example of the moving patterns of
the irradiation field and the detectors according to the
embodiments shown in FIGS. 16 and 17. FIG. 18(a) shows an
example where the irradiation field is moved to cover an
affected area having a width of approximately 100 mm in 60
seconds. FIG. 18(b) shows the pattern of movement of the
detectors. The detectors (rings) are moved to follow the
movement of the irradiation field, and measurement is per-
formed simultaneously with the irradiation. Since the irradia-
tion produces a large amount of prompt gamma rays which
serve as noise components to the PET measurement, PET
images are in fact created only from data that is measured in
short intervals between irradiations which occur periodically
or non-periodically during the irradiation.

[0082] FIG. 19 shows an example of the patterns where the
detectors are moved to follow the movement of the irradiation
field after the end of a series of irradiations. Since the PET
measurement is performed after the end of the irradiations,
only the data that is unaffected by prompt gamma rays is
collected. The nuclides produced by the irradiation have a
half-life of several tens of seconds to several minutes or so. If
the local irradiations are performed with time shifts, there are
nuclides with various degrees of attenuation at a point in time
after the end of the irradiations. Then, the detectors are moved
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to follow the irradiation positions after a certain time differ-
ence corresponding to the duration of the series of irradiations
(in the example of FIG. 19, 60 seconds) so as to suppress
variations in attenuation depending on the irradiation posi-
tions.

[0083] For chest treatment and the like, respiratory and
other movements of the affected area need to be taken into
account. Specifically, the treatment plan is created so as to
administer irradiations in a relatively stable phase of breath-
ing such as the expiratory state in the respiratory cycle. In
treatment, respiration monitoring is performed to detect the
motion of a marker or the like attached to the chest or the
proximity of the irradiation area, and irradiation is adminis-
tered only when the respiratory phase coincides with that on
the treatment plan.

[0084] FIG. 20 shows the control of turning ON the irra-
diation depending on the expiration phase of the respiratory
signal. Here, PET measurement can be performed at the tim-
ing when the irradiation is OFF (inspiration phase). This
allows efficient PET measurement in the middle of a series of
irradiations.

[0085] FIG. 20 is predicated on the case that the irradiation
beam can be continuously produced from the accelerator.
However, the irradiation beam may be produced intermit-
tently in a periodical manner. FIG. 21 shows the latter case
where respiratory-gated irradiation is performed. The irradia-
tion can be performed only when the expiration phase coin-
cides with the irradiation clock. This consequently limits the
timing available for irradiation as compared to the case of
FIG. 20, whereas the timing available for PET measurement
increases and it is possible to collect more PET measurement
data. It should be appreciated that the body motions to be
taken into account for treatment are not limited to respirations
but include heartbeats and other motions.

[0086] According to a flowchart shown in FIG. 22(A), the
detectors initially detect radiations (S11). A coincidence
determination is made by known techniques (S12). At the
same time, respiration monitoring data which is obtained by
detecting and analyzing the motion of the marker arranged in
the vicinity of the radiation irradiation area is consulted
(S13). A phase other than expiration phases is selected (S14),
and data thatis determined to be coincident is collected (S15).
When the irradiation is ended (S16), image reconstruction is
performed based on the collected data (S17) and the image is
output (S18).

[0087] There has so far been no case where the PET-based
measurement is applied to respiratory-gated irradiation. FI1G.
22(B) shows the flowchart of a conventional method of PET-
based measurement with ordinary, non-respiratory-gated
irradiation. With the conventional technique, accelerator
information has been consulted at step S23 instead of the
respiration monitoring data. According to the present inven-
tion, the direct consultation of the respiration monitoring data
makes it possible to collect more information with high pre-
cision and acquire synchronous data for PET measurement
easily without interfering with the irradiation system. PET
image reconstruction can be performed in each respiratory
phase to suppress respiration-based fluctuations of the PET
images.

[0088] Now, a description will be given of a fourth embodi-
ment which is another mode of operation of the basic two
detector rings and radiation irradiation device shown in FIGS.
4 and 5(B).
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[0089] On the time chart shown in FIG. 5(B), the detector
rings move on the approach to reach the predetermined posi-
tion (P4) closest to the irradiation field and then immediately
move on the return. FIG. 23 shows a time chart where the
detector rings reaching the position make a stop until the end
ofthe PET measurement, and then move on the return to their
retracted position.

[0090] Next, a fifth embodiment shown in FIG. 24, which
allows a quicker approach to the irradiation field after irra-
diation, will be described.

[0091] FIG. 25 shows the flowchart of a program which:
moves the detector rings to the retracted position in advance
(S31); starts moving the detector rings on the approach from
the retracted position toward the irradiation field before the
radiation irradiation (S32) ends, based on a back calculation
from the radiation stop time (S33); makes the detector rings
pass a safe limit position (a farthest position from the irradia-
tion field where damage can result if during the radiation
irradiation) after the end of the irradiation (S37); and makes
the detector rings approach closest to the irradiation field,
move on the return, pass the safe limit position again, and
return to the retracted positions (S40).

[0092] For safety’s sake, a radiation irradiation end check
position (P2) is established roughly in the middle between the
retracted position (21) and the safe limit position (P3) shown
in FIG. 24. The program is written so that the radiation irra-
diation is ended by the time when the detector rings pass the
radiation irradiation end check position on the approach. As
soon as the detector rings pass the irradiation end check
position (S34), it is checked whether the radiation irradiation
is ended. If ended (S35/YES), the detector rings are simply let
to pass. If not ended yet (S35/NO), which suggests an abnor-
mal condition, the detector rings are stopped before going
over the safe limit position (S42). An alarm is issued as well
(S43). Since the detector rings start being moved on the
approach from the retracted position toward the irradiation
field (S33) before the end of the radiation irradiation (S32),
the detector rings can pass the safe limit position at higher
speed than with the programs of the time charts shown in FIG.
5(B) and FIG. 23. This makes it possible to approach the
irradiation field in a shorter time.

[0093] The next radiation irradiation, if any, is started after
the detector rings pass the safe limit position on the return.
The PET measurement is effective (S38) from when the radia-
tion irradiation check position is passed on the approach
(S36) until before the safe limit position is passed on the
return (S39). The routine of steps S32 to S40 is repeated (S41)
until the end of the irradiation plan.

[0094] The safe limit position varies depending on such
factors as the setting condition of the radiation irradiation,
and is primarily determined by experience or experiment. For
example, such a position can be determined in a radiation
irradiation test by placing the detector rings at a sufficient
distance from the irradiation field and gradually moving the
detector rings toward the irradiation field for measurement.
[0095] In order to deal with the abnormal condition of step
35/NO, the detector rings may be stopped (S42) before going
over the safe limit position. After a predetermined time (e.g.,
after one second), whether the radiation irradiation is ended
may be checked again (S35). An alarm may be issued (S43) if
the radiation irradiation is not ended within a predetermined
number of times of checking.
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[0096] The PET measurement may be continued until
immediately before the start of the next irradiation (S32),
instead of being ended (S38) before the safe limit position is
passed (S39).

[0097] FIG. 26 is a time chart showing the operation timing
of' each component in the flowchart of FIG. 25.

INDUSTRIAL APPLICABILITY

[0098] Inthe radiation therapy beam monitoring device for
detecting annihilation radiations produced by beam irradia-
tion, radiation measurement can be performed by quickly
moving or while moving the detectors, which are located
away from the irradiation field during the beam irradiation,
toward the irradiation field after the end of the beam irradia-
tion. This makes it possible to prevent a performance degra-
dation or a failure of the detectors due to the beam irradiation,
and create a precise image of the distribution of short-lived
nuclides in the vicinity of the irradiation field.

1. A detector-shift type combined radiation therapy/PET
apparatus comprising:

an open PET device including a plurality of detector rings

that are arranged to be opposed to each other in a direc-
tion of a body axis and perform radiation measurement
inside bores thereof; and

a radiation irradiation device that is capable of irradiation

with a radiation through a space between mutually-ad-
joining ones of the detector rings, thereby forming an
irradiation field in the space, wherein

at least either one of two space-forming detector rings

forming the space is a movable detector ring, the mov-
able detector ring being located in a retreated position
away from the irradiation field so as to avoid damage
from irradiation during the radiation irradiation, the
movable detector ring performing radiation measure-
ment while moving on an irradiation-field side of the
retreated position after the irradiation.

2. The detector-shift type combined radiation therapy/PET
apparatus according to claim 1, wherein the retracted position
of'the movable detector ring is at a predetermined distance on
a safe side of a safe limit position, and the movable detector
ring starts moving from the retracted position toward the
irradiation field during irradiation based on a back calculation
from a radiation irradiation stop time and passes the safe limit
position after end of the irradiation, the safe limit position
being a limit position closer to the irradiation field where
irradiation-based damage is prevented during the radiation
irradiation.

3. The detector-shift type combined radiation therapy/PET
apparatus according to claim 1, wherein in an irradiation of
dividing the irradiation field into a plurality of layers of zones
and scanning and irradiating each layer with a spot beam,
moving from one layer to another in succession, radiation
measurement is performed while the detector ring is moved to
follow layer movement of the irradiation.

4. The detector-shift type combined radiation therapy/PET
apparatus according to claim 3, wherein radiation measure-
ment is performed after end of a series of irradiations while
the detector ring is moved to follow the layer movement of the
irradiation with a certain time difference from the irradiation.

5. The detector-shift type combined radiation therapy/PET
apparatus according to claim 3, wherein the radiation irradia-
tion is once suspended and the radiation measurement is
performed when the radiation irradiation moves to a new
layer.
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6. The detector-shift type combined radiation therapy/PET
apparatus according to claim 1, wherein the movable detector
ring moves in the direction of the body axis.

7. The detector-shift type combined radiation therapy/PET
apparatus according to claim 1, wherein the movable detector
ring moves in a direction along a plane perpendicular to the
direction of the body axis.

8. The detector-shift type combined radiation therapy/PET
apparatus according to claim 7, wherein the movable detector
ring moves in a direction of an irradiation axis of the radia-
tion.

9. The detector-shift type combined radiation therapy/PET
apparatus according to claim 1, wherein in respiratory-gated
irradiation of performing irradiation with the radiation in
synchronization with respiratory cycles, the radiation mea-
surement is performed in time with intervals between radia-
tion irradiations.

10. The detector-shift type combined radiation therapy/
PET apparatus according to claim 9, wherein the radiation
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irradiation is performed in a stable region of a respiratory
cycle, and radiation measurement is performed in an unstable
region where the radiation irradiation is not practicable.
11. The detector-shift type combined radiation therapy/
PET apparatus according to claim 1, further comprising:
irradiation position setting means for setting an irradiation
position of the radiation;
radiation irradiating means for irradiating the irradiation
position of the radiation with an irradiation beam;
position setting means for setting a movable detector ring
position;
and moving means for moving the movable detector ring to
a set position set by the position setting means, wherein
the position setting means sets the position of the movable
detector ring based on irradiation timing information on
the radiation irradiation means.
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