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Development of a new method for gated radiotherapy using multiple gating points
with a real time tumor tracking system.
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The efficacy of four-dimensional computed tomography (4DCT) before stereotactic
body radiotherapy (SBRT) for peripheral lung tumors was evaluated. The amplitude of a fiducial marker
implanted near a lung tumor was measured using the maximum intensity projection (MIP) method in 4DCT
imaging acquired before SBRT and compared with that measured during SBRT using real-time tumor-tracking
radiotherapy (RTRT) system. In the lower lobe, the mean discrepancy from the amplitude measured with 4DCT
to the mean of maximum amplitude of the patient during SBRT was 5.7 + 8.0 mm, 12.5 £ 16.7 mm, 6.8 *

8.5 mm in the LR, CC, and AP direction, resgectively. 4DCT MIP before SBRT underestimates the maximum
amplitude during actual SBRT. Caution must be paid to determine the margin with 4DCT especially for
tumors in the lower lobe. More research is needed to establish a new method for gated radiotherapy using
multiple gating points.

CcT



B X C—19, F—19., Z—19 (GtaH)

1. AFZEBAE 4 FI DY 5

ALHEE K TlE, iR Eolgss 0B 2 U
TIEADIBELLENL” fFFHRE”
23 T & 2 IR O G B O R IR S A
T ATH D ENIEKE B B S (Real-time
Tumor—tracking Radiotherapy: RTRT)#%&E %
BRZE L. 1999 FFE L VERREEH LT\ b, Zh
W2 XV £2mm OFFEE T, B AZEBITHT DAk
HEIBENTIRE L Ie o T2, BIfED RIRT o %
FATIL, 1O~ —F—(ifBEDHZ B L
FHICRIA LT\ 5, i 7e ST 3
~4 OB~ —h— 2 BETIHAIL. &
mOREBART O v 8T > FIZEEAE O
~—h—{EEFAL, BRI 1L Eo~—
H—NLEZBH LTS, BHL WS~ —
—DEE L EEOGOEI X N Ee - T
WARREMERH Y, 1| fHO~—T—DH T
BOEEx 2R SE2DIZBANDH 5, FE
WD~ — b — & BB L CHE & T TR
B3z EncEnE, EEOEROEE %
AX0 B RIELUTE, EBITHE OGO R
WBEOEBUZSR NS & EBbilb,

2. WtoHBY
RIZBHEN TR EEOE X)) 25
LT D EEBIC, BEO~—T—F
727 FFHIRE” A EATREIC T BT 2R ik
HHRRIB IR T VE DRESTA AT T2 92 21T 9

3. WD HE

(1) Bk RIRT & 27 A TlEEE H KO H)
XhELZ2DIEIRETH DD, L
G~ —H—OENX ZRIRFICIEET D 2 &0
TEXHEXVT 4 & LT, FRRAARIC RIS &
72U TG CT (4DCT) ZFIAH L CEh & OFfENT
Z1T o712, 4ADCCT THOLE~—H—DEjX & |
M Ca~—H—OREORE I 5 8)
XOT—H &M LT, F£7=, 4DCT & RTRT
HFOBEBEDOT— 2N RKRES B L5460
ST ERE LT,

2) BEEFT TO/RLRTBRF ORI IZIZ
ADCT CTOfEE & ~— —DNEBZEN G, <
— N — RS L OB E T < 7g B R
NARZIE U T BN S 5, ADCT #RI8IZEH
FAWTU 2 16 %1 CT W8 CliIpkasERE D BRI
DI-DEBFEFLOBEBE LK~ — T —DE X
OFE RN CThH o772, L EE»D
EEE TS TX % 320 5] CT ZHWA7-0
DL LT, 77 NAERTIHRGE 0 ~
NV ERH LT,

3) MCHFESEOE X IC L EEHT-2 D
HIZoWnWTh, BHETFICE~—h—%2 /&
L CEMR BRI ARIB IR 21T o 72 H U > X
fEBE DIRFAGE A FT L, &~ — I — D)
TNZOWTHERT LTz,

(4) BITE O EHRIE B IR L C oo R R & B

ST D7D, EW 4 sz D il
(A B IR VA O RS 12 D W TRERT L.
ERMERNRIZ SOV TR L 7=,

(5) Hii=CHFIE 5 & (R4 OO R0 ME B ) ) 5 &
T 728« BIRBBEIE (2563 2 ISR e i
BRIRHRE O RE 2 i sk O BHEIZ DWW TRET L
77

4. WFIERE

(1) i 3 80 14 38 W5 i 3 SR IR R i AT - ©
4DCT Z Rt L7z 22 Bliz oW\, MiNICE &
L7ce~——BEORS T L CT #RERKED
el - WAt A T o e, BhZE (BBE - REE 11, T
B 11) ThoTo, 7— & BUSHFRIL 4DCT Tl
¥4 105 5 (88-140) . RTRT HE Tl 1 IR &
72 V3 1025 7 (395-1924) Td -7z, 4DCT
B CORMEIX, A4 m(R) F¥ 3.6 £
1.3 mm . BEEFM(CC) YY) 9.4 + 8.1 mm
(1.9-18.5) JEE&EJ71A (AP) ¥ 5.5 + 1.9 mm,
RTRT HZ 1T DRI LR ) 7.0 &= 6. 0 mm,
CC ¥ 15.9+ 16.4 mm, AP ¥#¥J 9.5 + 7.5
mm CTH o7z, 3 HFADOWT I HEFHEE
72 (LR, p = 0.0133; CC, p = 0.0306; AP, p
= 0.0106) #58D 7= (K 1),

40.0
35.0 p=0.0133* p=0.0306% p=0.0106%
30.0
25.0

#x

g 20.0

g

5 150
10.0
5.0 i
0.0 .

LR T AP
® RTRTIRIE
1 0 4DCTIRIE

F 7=, 4ADCT THM L 7= 4EHEME & RTRT FR
HIZEHI L7 RIEE O 2R A2 B Uiz, fESE.
EdEECE, LREW 1.3 £ 1.1 mm, CC Yy
0.6 £ 3.1 mm, JEEFH 1.1 £ 1.7 mm T
Holz, FETIEZ, LRFEH 5.7+ 8.0mm, CC
) 12.5 £ 16. 7 mm, AP 4 6.8 = 8. 5mm
Thh, EFELOBORBETFED TN ZE
BRIREWZIEDRHLMNER -T2 (R, p =
0.0839; CC, p = 0.0302; AP, p = 0.0420),
4DCT #RfR 12 & 2 BB B OFEAN T i, M F5E
JEFI CEEEOEN X L0 b/ S v Twv
HTZEITHEBEELOIMERD B,

COEBROEFRRTERED DT, Fiin
(78 mAs vs. T8 WA L), 1 B0 & (1.8L %
fifi vs. 1.8L LA b)), FfiZE (HZE vs. THE),
4DCT THHA L 7= #RME > 3 WotkERE (10mm R
i vs. 10mm LA E) 2B\ OB 21T -



7ok 2 A, BARITA & IEA 7 1A G
M. EEHFTIE ADCT IRIENRERIZEL L
TWAZERHENE ST,
(2) 77 v FAERTIE., KA XOfEE
xR\ BT, 2Rk B O R X —
VARFEE LT 320 | CT COHME AT, ik
B o b anvEer Lz, #E < BRE 2
L7 E#RE CT T% CT g oW/ A R T
HTENbhoTz, ZOHRGEFETITER O
16 %1 4DCT & [El% DL < #RET 60-90 BhfE
JE DRGNS FRECTH D, A% DOIEEBE)
EHICHERTHD EE 2B, HLWHIET
B L7z CT mEHWCTEEFTLOE X L~
— N —DBE ORI AT ) TETH D,
Fiz, (1) & (2) OMERICFEITLT, #
HAFT o “FHiRe” i %2l 25
T2 TR SRR IB IR T L O & % RE T 57290
O REFFHRE % =SB P oW o FicAT
ST,
(3) BHKETIcE&~— D —%2E L ik
B RIEIE T o128 U Lo EBE T4
WCOWTHF LTz, ~— B —ITHIEIC 7 &
Ar. BRIEETRIC 1 ST E Sz, HIEHIC
BE LT TH o~ — B — OSBRI XA A T
MT5.7 += 1.7mm, BAE S TI15.6 = 3.3
mm, JEIEHHT 11.6 = 3.2 mm TH-o7=,
HIEEICHEE L7z 1o~ —h — O FEEIERE
WIAEAEFIMT 17.1 £ 7.0 mm, BEEFINT
20.4 = 6.4 mm, JEHEHFMATSE. 1 = 1.9 mm,
Thol-, POBBZROTREN 55 » H, &
HBET R BVELNEHBIIRD o7,
Grade3 LA EOHEFTRITBD 2o 72,
BICHE L-~——0Z L, §ELT
I T IESCHTFIR O B X L [RIRICEER Mo
IRIED K Th o7, BRIETR TIXEERE
WCINATEAFMBREL, K277
kol EN X Th o2, B Y o EICK
T 5 ERB O BRI X 2 2 TR T
b5 &b, BIEmICGER L, R
FChH D,

GA R (mm)

-10

-15

-20

-25 ‘ ZE£H(mm)
5 0 5 10 15 20 25
4 2

(4) 2[4 sk bk, deEK, @IHFRTIH
Bz, A 1ZBUNT 2000 4E5°5 2011 4ED
HAR C T #E/INH0 B i (2 ok L C B RB R
e 2 O TR R BRI 21T > 72 287
B 291 Y28 2 fRAT L7, B O K& &% 9mm
M5 70mm O EFH T, HHAEIX 25mm Toh - 7=,

I A 2] (TINOMO) 1 196 J%Z, 1B Hi(T2NOMO)
13 95 R Tdb o 7=, R FRAAAR 1T g 185 95
2. R ERE 8T WA, DD IE/ N
JafififE 19 JRETH o7, MR - IO
1% 356~60Gy/4~9 BRI Tdh > 7z, FRibBIZEDHh
JAEMR 25 » A ThHoTm, &&~—h—HEIZ
LS BEREGIT Grade2 23 3 I TR LD,
Grade3 LA EIXR 72 do 7z, 3EEFRIL
AIRT60%. TAHITG69%, IBHIT41%TH
S 7=, SAERPTHERIT 2R T 72%, TA#T
79%, IBHITHAhTH o7, PRI I fE
S EELRIT Graded UL EONilEL D 9 T
B B, Graded DEZERN 1 I TERD LI
7.

B~ — I —HEITAEOHERENME 24
WZHETT C X T e, FE/ANHEIR TR (2%t 3 2 &)
IRIB R E A F U TR D AR R TR T,
Grade3 DL bR FIEEIE 1L 3% & (K>
72, WEORMPEH D Z ERREINT,
o, TA T ESHFE SN TR, 1B
M CIIREREEEDTZDIZ S L 5 E
BEmALE L Ebni,

(5) A5 fuex Ak, ALK, BARK, W
B, ALIRER) 128\ T - BIIEE I %t

L TR ENL U BB A2 1T > 7= 31 f31] 33
R B MRAT U=, B2Y 1592, RIS 18 9%
ETHoTm, FEEOKE XX Imm~80mm D #i
BHC., FOEIX 34dmm THo7-, HBE - [\
OFPHIT 48~706y/8~10 B TH 7=, FIl
BEOHFIEMN 18 » H T2 HEFRIT 64%,
2 TR IL 95% Tdh o 7=, Graded LI L
DHEERGIIR N>, B - BB
W33 2 R E AL BRIR IR 1L L2 TR
REHTH D EEbNT,

5. 7RI
(WFgeR g, WFZEs 8 M OV 725 12
=Ny

(MEssm ) (FE o 14)

(%R G 1h)

@ JFHEE—, DIERERE, s H B3,
WA, TERM— EARER, A ER,
B s BRS R & ADCTHRE R DN~ —
— BB ik, 13100 B ARE LR R
HAH G4, 20144210 424 H-2014 4£10H 25
A, #ALKRZRBESEE (L&)




@ Harada K, Katoh N, Suzuki R, Tnoue T,
Onimaru R, Shimizu S, Miyamoto N, Ishikawa
M, Shirato H, Can 4DCT Imaging Predict Lung
Motion During Stereotactic Body Radiation
Therapy?. American Society for Radiation
Oncology 55th Annual Meeting, 2013.9.22 -
2013.9. 25, Georgia World Congress Center
(Atlanta, USA)

® Katoh N, Soda I, Tamamura H, Takahashi
S, Inoue T, Onimaru R, Shibuya K, Hayakawa
K, Shirato H, A Retrospective Multicenter
Study of Stereotactic Body Radiation
Therapy Using a Real— Time Tumor— Tracking
Radiation Therapy System for Stage I Non—
Small Cell Lung Cancer., American Society
for Radiation Oncology 55th Annual Meeting.,
2013.9.22 — 2013.9. 25, Georgia World
Congress Center (Atlanta, USA)

@ Katoh N, Onishi H, Matsushita H, Nomiya
K, Nakata K, Shirato H., Japanese Multi-
institutional Study of Stereotactic Body
Radiation Therapy For Renal and Adrenal
Tumors., American Society for Radiation
Oncology 56th Annual Meeting, 2013.9.14 -
2013.9. 17, Moscone Center (San Francisco,
USA)

® Jnpk fERE RHE BE— 8K B bR T
e, B A, JEK B B O EEL, A
+ fHEfs, 4DCT & T2 N~ — 1 — B Bh O fig
Hr. 2512801 H RSO A0 B ARG &
20134206 H14H, KE A v& i)

© B IEETEME, SRR BT
B L, VEKRME . EARER, A ERH,
B s, FRE T & ADCTIR G I D N~ — 7
—RBEI O, #526[0] H A F R U SR
PREHIFZE 2. 20134202 H 23 H . 5T L (L
AR )

(@ Katoh N, Suzuki R, Shimizu S, Inoue T,
Yasuda K, Onimaru R, Kimura R, Kato M,
Ishikawa M, Shirato H, Real-time tumor
tracking radiation therapy for lymphoma of
the stomach, ASTRO 54th Annual Meeting.
2012. 10. 28 — 2012. 10. 31, Boston Convention
and Exhibition Center (Boston, USA)

Katoh N, Suzuki R, Shimizu S, Inoue T,
Yasuda K, Onimaru R, Kimura R, Kato M,
Ishikawa M, Shirato H, Feasibility Of
Treatment Of Gastric Lymphoma With Gated
Radiation Therapy Using A Real-Time
Tumor—Tracking System, 31st Sapporo

International Cancer Symposium, 2012.7.23
-2012. 7. 24, Hokkaido University The Alumni
Hall Japan)

“Frate” (Sapporo,

(PEZEIY PEHE)
ORI G 1#F)

LR URRIEIE S AT A8 X O IRE
A =27 AV

SR B OREM, JIEREEME, fth 5 £
HEFIZE - | b

FEXE : HEF

&= 1 2015-008434

HFEAEH B : 201548 1 4 20 H
ERNAOR] . EWN

ORI (G0 1)

6. WFITHHLR

(1) pFge s

JNfEE  fEkE (NORIO KATOH)
AbHEE K - AbE KRR -
W85 - 80572495

Bh#

(2) WF7Eo 38
mL



