
US008581196B2 

(12) Ulllted States Patent (10) Patent N0.: US 8,581,196 B2 
Yamaya et a]. (45) Date of Patent: Nov. 12, 2013 

(54) DETECTOR_SHIFT TYPE COMBINED 2005/0109943 A1 * 5/2005 Vaquero et al. ........ .. 250/36304 
2007/0153969 A1* 7/2007 Maschke ..................... .. 378/4 

RADIATION THERAPY/PET APPARATUS 2011/0092814 A1 * 4/2011 Yamaya et al. ............. .. 600/427 

(75) Inventors: Taiga Yamaya, Chiba (JP); Hideo 

Mrnohara, Chiba .(JP); Taku Inaniwa, JP 0248888 4/1990 
Ch1ba TakllJl FurukaWa, Ch1ba JP A_4_268484 9/1992 
(JP); Shinichirou Mori, Chiba (JP) JP A-9-2lll30 8/1997 

_ _ _ _ _ JP A-200l-l41827 5/2001 

(73) Ass1gnee: National Institute of Radiological JP A_2001_346773 12/2001 
Sciences, Chiba-shi (JP) JP A-2004-166975 6/2004 

_ _ _ _ _ JP A-2005-52308 3/2005 

( * ) Not1ce: Subject to any disclaimer, the term of this JP A_2()()6_51341() 4/2006 
patent is extended or adjusted under 35 JP A-2007-3264 V2007 
U S C 154(1)) by 347 days JP A-2007-111535 5/2007 

' ' ' ' JP A-2007-206090 8/2007 

(21) Appl. N0.: 12/996,443 JP A-2008-134205 6/2008 
. JP A-2008-173297 7/2008 

(22) PCT F11ed. Aug. 1, 2008 OTHER PUBLICATIONS 

(86) PCT NO‘: PCT/JP2008/063861 Enghardt et al., “Charged hadron tumour therapy monitoring by 
§ 371 (6X1), means of PET,” Nuclear Instruments and Methods in Physics 
(2)’ (4) Date; Dec 6, 2010 Research Section A, 2004, pp. 284-288, vol. 525, Elsevier B.V. 

(87) PCT Pub. N0.: W02010/013345 (Commued) 

PCT Pub Date, Feb 4 2010 Primary Examiner * Constantine Hannaher 
, (74) Attorney, Agent, or Firm * Oliff& Berridge, PLC 

(65) Prior Publication Data 
(57) ABSTRACT 

US 2011/0084211A1 Apr. 14, 2011 . . . . . . . . 
1n beam mon1tor1ng for detecting anmhilation rad1at10ns pro 

(51) Int- Cl- duced by radiation irradiation in radiation therapy for cancer 
G01T 1/161 (2006-01) Which is performed by irradiating the affected area by X-rays, 

(52) US. Cl. gamma rays, or particle beams, a detector-shift type com 
USPC ................................................... .. 250663.03 bined radiation therapy/PET apparatus is provided With an 

(58) Field of Classi?cation Search open PET device that includes a plurality of shiftable multi 
USPC ................................................... .. 250/363.03 ring detector rings; and a radiation irradiation device that is 
See application ?le for complete search history. capable of irradiation With a radiation beam through betWeen 

the detector rings. The apparatus changes the positions of the 
(56) References Cited detector rings, performs irradiation With the radiation beam 

U.S. PATENT DOCUMENTS 

5,949,080 A * 9/1999 Ueda et al. ............... .. 250/4923 

Console 

6 

through betWeen the detector rings, and then performs radia 
tion measurement. 

10 Claims, 25 Drawing Sheets 

Positioning information! . 
irradiation check information 

Irradiation ?eld 

Encoder 

Servo motor actuator 

Single event data SD 



US 8,581,196 B2 
Page 2 

(56) References Cited 

OTHER PUBLICATIONS 

Janek et al., “Development of dose delivery veri?cation by PET 
imaging of photonuclear reactions following high energy photon 
therapy,” Physics in Medicine and Biology, Oct. 19, 2006, pp. 5769 
5783, vol. 5l,IOP Publishing Ltd., the UK. 
Crespo et al., “On the detector arrangement for in-beam PET for 
hadron therapy monitoring,” Physics in Medicine and Biology, Apr. 
11, 2006, pp. 2143-2163, vol. 51, IOP Publishing Ltd., the UK. 

Yamaya et al.., “A proposal of an open PET geometry,” Physics in 
Medicine and Biology, Jan. 14, 2008, pp. 757-773, vol. 53, Institute 
of Physics and Engineering in Medicine, the UK. 
Kitamura et al., “3D Continuous Emission and Spiral Transmission 
Scanning for High-Throughput Whole-Body PET,” 2004, pp. 1-5, 
IEEE. 
International Search Report for International Patent Application No. 
PCT/JP2008/06386l, mailed on Oct. 7, 2008 (W/ English transla 
tion). 

* cited by examiner 





US. Patent NOV. 12, 2013 Sheet 2 0f 25 US 8,581,196 B2 

Fig. 2 

Open field of view 3 

M1 

lntra-ring 
?eld of view 1 

lntra-ring 
?eid of view 2 





US. Patent Nov. 12, 2013 Sheet 4 0125 US 8,581,196 B2 

Fig. 4 

( A ) Irradiation field [1/ 
1 1 "" il\ ""' 12 

\ M "/ / 

L- }I/ _ ““ Body axis 

Retraoted position Retracted position 
e~——> W 

) Irradiation fieid [1/ 24 12 

@153“ A i l 

H1(’1U- 1w 



US. Patent Nov. 12, 2013 Sheet 5 0125 US 8,581,196 B2 

Fig. 5 

(A) 
S 1 

Move to ring 
,,..,,..,,..IE?FF§9F?9 position 

S 2 
Radiation irradiation 

S 3 

Move rings 

S 4 

PET measurement 

S 5 

Restore rings 

(11nd 

(B) 
Radiation irradiation OFF 

+ 

Detector movement 0 

ON 

PET measurement OFF 

. . . P 4 P 4 P 4 Detector ring posltion 





US. Patent Nov. 12, 2013 Sheet 7 0125 US 8,581,196 B2 

Fig. 7 
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Fig. 16 
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