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1-1. FPEEIE—DOHKMK
1-1-1. % & o 2

NEE T E—I1X 2004 %, Hi-Art ¥ A7 A™E WY L F CTIRE S L, BN TIiX
2005 FFIC 1 SN B AIS N, T0%, &£ & F 2% ET TomoHD ¥ XA 7
L™ TomoHDA ¥ A7 L™, Z L D% TH 2 Radixact™7p3 U U — 2 S,

IhbExE MERTE— LRI D (Fig. 1-1) .

(a) (b) (c)

Fig. 1-1 TomoTherapy series [(a) TomoHD system™, (b) TomoHDA system™, (c)

Radixact™]. Image provided by Accuray Japan K.K.

k€t 7 ¥ — (X Thomas Rockwell Mackie IZ X W B X D | 2000 F {2 5
AL L CE @B ERERIGRERO | ©Th 50 ELE R KB IER
(intensity modulated radiotherapy : IMRT) O B HE TH 5, &R T 585 601K
HLTHEY, EATIE 3R 792/ BMBL T\ 5 (2019 4 10 A BL7E), IMRT
XZEME., IR R REEZR OB E -2 %22 F oo RE T
5z ki BRI R E R ESMES D BHRIEEETHD D, KW
R RRIE R E S~ v F U — 7 a3 U XA — X [Fig. 1-2(a)] & MiEHN 5% mm
g OB HREE~VEERAEFHT 5 HEN IMRT ICEREHEATEDY  BEH T (—
RAYIC 1L 40 x40 cm?) HEEH Ot LD a ) XA —2BE— 2 BB LV HEkE
I BEE2E2D2 LK ARBREZER TS, —F T, FEEIZE—F

NAFV—<=NFV—=T7al A= LRI DHERICEXSIT 6.25 mm IE D
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64 DB 7 AT EFMBT L HEEZRM L TEY [Fig. 1-2(b)] . K@) m
WV EEIE (1~5 x40 cm?) OF 2 ) — 7 NEMEKTHO D 5 WIZHEO L.,
ZOBB L TWDREREIZ LY M RoREZZHRH T 2, Kdh 7m0V E A g (1
~5cm) TH DO, Z WA D helical computed tomography (CT) & X 512 AKX
Cx LI o MBS 2T 5 2 & THREFAICEWIFEICH L THIBEDS
A THDL, 20X bEETE— OB HIN% helical tomotherapy (HT) &
M5 3

HT #H W2 Z LIk A AAREET N ALICENT, T ZTEEGR
HTFTROMEBEEWRAIBTHDLZ ERHESNTWVD 49, 7T 2ADIFET v
B AR BRICBWT, PEEIE—FIHNAOHKBEBLER L THERR
Frfl s X OEEFENEFROBMAE R LT ®, 20 X5 IZHIKWNAE DM
MARIND—FT, WEEBEOT MY —0NEEE L RN 6 MRS HREZE(|T
% 58 25 5 (8] #5 i B B 78 % (volume-modulated arc radiotherapy : VMAT) £ & Y
HT Tid . Ao o B 2 o %6 AR L B & 2 72 Jifi o K8 & 66 5k o (K 25 8
M3 2881 H D,

(a) (b)

S e e e M B N R P

Fig. 1-2 Two Types of multi-leaf collimator [(a) standard type for conventional Linac
and (b) binary type for tomotherapy]. Standard type operates by motor drive. Binary
type operates by compressed air.

(a) Image provided by Varian medical systems K.K.
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bEZEBHEBRMNEBRLEENDIT P —=RT7 15 70 cm il O L —H
FoTHEL, 2ok, BFELTHETLEEELERATHNOBERMEE TCBHIED
ZEiEHDH, 2FED, ELWREEFFHREMBICRN T 21I2F, A740 1L —¥ 0
NERELCEAROBIREENGVWERELZL > THRINATWD Z L 2HEE
LTV, V—HOMNEBERKELEROBEIRKEZ EHMNICHEFEL TS,
EHIEHTIVRA—ZOECHEMELIERIEE L -—RELDIC, #
Bl OIEEATIC N1 7 E—ICH#H S 7z mega-voltage CT (MVCT) % g% L .
w3 dh LA Es 1 #h (roll) ZMIET D Z &I BEME ORI Z W LS
TW5, Fig. 13X FEEITE—D MVCT O EZ 4, SR bt —F—
O CT Wil 2 L MMMBMODMEILTL > TV IN, NMEGDLDEICZ S
BRaoREEAL, o, KEBIRICERTLIHEMRENLDOERT —F 7 7
J PEBRBET LI ENARETHLICO, ABENOIREOEREEHE T D Z
LN TE D,

(b)

Fig. 1-3 Images of (a) kilo-voltage CT and (b) mega-voltage CT. Mega-voltage
CT has enough resolution to distinguish the soft tissues. In addition, it would be
possible to confirm the change of the tumor shape in the oral region by reducing

metal artifacts.
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Fig. 1-4 Display of the treatment planning system. Before the dose optimization, the planners set values for

the specified treatment plan parameters for tomotherapy.



1-1-3-1. Field width

FW 374 Y2 —HIZBT 2K GRMOBRET 77 A0 HE2IE
(full width at half maximum : FWHM) TE& SN b, #IH D Hi-Art ¥ A7 A5
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V. 1.0,25 50cm®3FEEND 1 DBBRINTWFz, 2013412, 1 DDA
FEEHEIN TR S MW OB DA P Z T 5 TomoEDGE™E — R34 7 3 3 U # 6
ELTHHETESL 2D, TomoHDA ¥ X7 L& O #% ki TH %5 Radixact 121
BEEH I, Z20F— FTiEk, REdBELIRBI AL S, ERNOEHMAE
FORMEICH W TEIR L7 FW &2 ERE & L The/h 1.0 cm £ TR 8T 1 12 4
DARBNCTHHENELT DS, Thbb, 2.5 cm® FWIZEWTER FW % &
RLZHECE, EHOEHMB XM mICE W THRKR 2.5cm 20 b Kk /M 1.0 cm
DT FW BN Z{T 5, TomoEDGE & — KA % S -fis CTik., ko 3o
D EE FW (1.0, 2.5, 5.0 cm) (2 2 2O & FW (2.5, 5.0 cm) # 1 x T., & 5H&
Erb 122 EBRT DI LENPTE D, ~KIIZIE, hS W FW REH) FW (3K
WG OMBESMEGKRT D00, BRERKBAEMST 5 10,

1-1-3-2. Pitch
Pitch IZ helical CT ® X S5 2H > F VU —1 [\l (Gior) HT2V OEHOBE &

(Mcouch) 7'5_) FWTB%Lf:tETE%éﬂZDO

Pltch = Mc()uch / Grot / Fw (1)

2005 12 kissick HIX, TA VB Z —#hiO X Ly FEHRE (K5 m ok &E

T 7 s ANEEETDLDY yTIN) EERLTLIOCHRN LY v I TN —
(=0.86/n,n: #H) #|-E L D, I 51T 2011 FIT Chen b (X Table 1-1 I
AT LI, FW BLXOENFLLLT A Y4 —% TO®MIERZ &I,
Uy ZPNVERDEED7-0 0K pitch DIEZ®E L7 12,



Table 1-1 Optimal pitch values for off-axis distance and field width. ')

Off axis: 5 cm Off axis: 10 cm Off axis: 15 cm
5.02 2.5 1.05 5.02 2.5 cm 1.05 5.02 2.5 c¢cm 1.05
cm cm cm cm cm cm cm

0.8600 0.867 0.845 0.8330 0.842 0.826 0.7980  0.811 0.792

0.4440 0.446 - 0.4330 0.436 0.4180 0.420 -

0.3030 0.303 - 0.2970 0.295 0.2850 0.282 -

0.2310 0.233 - 0.2250 0.225 0.2150 0.212 -

0.1870 - - 0.1820 - 0.1720 - -
1-1-3-3. Modulation factor

MF 3V —7O0@EOBEMEIEZRTHETHY, KU — 7B OBEM (Tmax)
PREREAAFAEICEHT S E—2 1Ly MIZBWT, 0 TiEZ2WVWa2Y —76 0

B D B (Taverage) THRRL7ZMEEL T, X Q) DEBVEREINLD P,

MF = Tmax / Tavcragc (2)

E—ALby belX 77 OH M) —AEZELCHATLOIE—-V -0 0
BHEHBRTHD, NEETE - 64D Y —TZ2FLZ b, 1 [EEE T 3264
Mov—avy hEHT L, IBETEE X Fig. 1-4 O R F 5 04 5% € M i
BWT, EED MF 2 A9 5 (FE MF), MEOKENFEORE., Fig. 1-
S(ay D ks ic{/EE—La by oY —T7 O AKMMNIET D, & E MF & “2.07
Ll &, X (2) 225 Tmax B Taverage P 2 51272 5 K 9 1T Fig. 1-5(b) 25T
WMmEY K& ) —THOBMEAETLIE—2A Ly b U — 75 0 RER 2G5
SNd, EEICIEZ, REMFRAZOoEFHEMAIND Z L3R &EE MF %

B2 WREEDO MF2XR#EH IND (E% MF) 13



(b)

Average

MLC open time
MLC open time

Beamlet No. Beamlet No.

Fig. 1-5 Histograms of open time of multi-leaf collimator in beamlets; (a) before

modulation factor adaptation, (b) after modulation factor adaptation.

— I IE, MF 2 KE < T2 & Taverage (K UL TCB OEER O B BN X 5
2, V=700 @EENOBRESHIITHEEIND, — T, V=70 0K
MOLEEICHEY o Y —EHiEAHoRIcky, BEEREIZEET S,



1-2. EWEREFPACHTH>IFEESV—0EALHER
FHMBEMNAIWCBWT, HT X VMAT BEMBREOE R HEOM LICHFHTH
DA 1S = Ron R B S R0 R R S B SRR TR & BE R LT R R A Bt 2k
DFRAHEEHEND D 7 MOBKBREEBZOKRBENHM T 2/ENH L 14
1517 Nomura & (FALF R MBELE (THY NG RHE 2 L) 221072 125 4
D FE N B OB BRIR RGN A SR L L E 6 M S BRI 2 o Tl R 7
O R RAT L2k R D Vsay (D72 &b 5 Gy OBH 2% 10 5 Mok
). Vieay, Viscy, Vaooy, V38R 5 A JE 6 M i A & I A B IS BE L T v
LEWmELE D,
BE O g G BRTE A
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1-3. MoBREHEBOKBEHENZAM T 22007 7e—F (E—& Ly b
BIREZAWZIBEE) EH - CHBET2MBER

HT 2B W T 0K & O KRBE 2N+ 2 M8 %2 ik 4 572 ® 12, Chang
CIXE Rt EEFIC CT Wi Lok Mmls@E s —2oLby FaflRT S
structure block function # fff 9 Z L IC k> T EZEK TE 52 L 228G L
2™ EmeiE, 7y b AO CT HBRICEENAZREL., HAICHEEOIK
M EZAER L7, ZOREZZ T T, Ito b DT L — 713 20 4 O FHE &
ERABEICR LERA 2Bk Z#EH L, OAR O & AR & £ 1)~ D fi
BEEFMEZFMLEL '  OAR OB EEH L FEHN ~OFBEPELIHEH QO
EREICIE U TCA a7 {b S - \ETHM Sz s &, K& DS K4
iz 8 cm DEHEICHOBRICH > BRORKBIwWL2HEL L DK
LEEKBICHE ThHho7z LT WD 19, HT off @& x#EibickB T E— AL
y FOMIBRERH WD Z &1k, EHEENAUNORE 2 RIEHFIZE LT OAR O
MELKB T 27DICAZ TH S 2029 , Table 1-2 13— A L v MR % A
L 7247 iF 98 @ Bl & 7k 9, Wojcieszynski 5 (X 3L 723 A @ simultaneous integrated
boost technique (1 DD EEFH BN T2 U EOEMICR LR DB EZ QLT T
LM BT, LAz EEToIE—L Ly FEHRIBRT L2 E T, FAHE
EYOMBEEIKBLE 2O, Lee bIXANEICH D RATEATHFMBE N T3 L
FIfELZBBT L2 - by PE2HIRT 22T, ZOoOHRELZEMBL 2D



Table 1-2 Previous studies

Shape of Organs
Research group Treatment site
structure block with reduced dose
Chang etal. '® Fan shape
Cervical esophagus Lungs
(2015) in lungs
Wojcieszynski et al. 29
Breast Lungs and heart Lungs and heart
(2016)
Lee et al. 2%
Left liver Right liver Right liver
(2017)
Ito et al. 1) Semi-circle
Cervical esophagus Lungs
(2018) in lungs

—J. E—A Ly FORIBRITEREICE TS —A by MARNAOBHEZHIRT 2720, 7F
I S IV NS FEREER D O O EMHE ORTEN K E <720 | S@H OIREEGTE & e L TR &
OAR D ENEEDEZ I LY RES BT HAMREMDNH D, FRCEHHA&IE TIXELIMD &
D7, filiZ @i D HE RN E P OGRS 2 @i T D, HDHVIIZDOFENEZ VD
ZENLREBEOBEICIOMESMOLEEZTMT D LIFEETH D, — RIS FRIEHE T
X, EBEEEHRREAL - HEZE S (International Commission on Radiation Units and Measurements :
ICRU) @ L7AR— | 83 [ZHEHLL T, PIRAYEEAIIATE (gross tumor volume : GTV) (ZH8v N AEE
Z N0E U 7= B AR BOREAOAFE (clinical target volume : CTV) & E7e L. MR, HET, Ddp®Eh, #E@Eh7%
EDERNEER DB & (2% L TR~ — 2 (internal margin : IM) 20142, S 52, BE DA
BRREEZE LTty T v ~— 1 (setup margin : SM) Z#E & L, FHEREAARE (planning
target volume : PTV) Z#{Ep7 % (Fig. 1-6)> , L22L, ZHETIZE—A L v MEHI[R L7215%
FHENZ LT E— A by MHIRAS 22V OV S 415 SM (Bl 21X, 5 mm) 256 H
TEXDHME I MEBFT LEEWEITR Y, £72. B—2A Ly MlBRZM A L2 iG BV T,
BE O XK DBESI OB A EREINTHRIT LIRS 1T 7220,
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Internal margin: IM

Internal target volume: ITV
Clinical target volume: CTV

Gross tumor volume: GTV

Setup margin: SM

N

Planning target volume : PTV

Fig. 1-6 Schematic representation of the relations between the various volumes
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1-4. AWZEDOBEH

AWFHEOHMIE, HT IC X2 M BEES ABRKEIFH OMR EREHLIZEWVTE
— ALy bHIRBEZHOWEZ XD, BFOBHXICLI2HEMNEB LT OAR T8 5
MESMOENNEZTERILTHILICE T, BRELRBRBERGEDNTENZ BT
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(1-1-3. FEEIE—IC XD BHEBIBEFTEOFEM] (CBRR7ZX ST, FE
I —OREFE TIIEAEDONT A —XTH D FW, pitch, MF Z H\ 5, &
PREH T H XM B R AR ER T DA N T A= F DO AN AR N T E O
BEANTZ2HLEN DD, —FH T, THDLDO/NT A —F T ESAMA RS
W BEHE 222 EPHEINLTWVDS 1026359 LxL, JEM Z L IZ@E M T
HIEHER I N T A — HfE X2, L7 o T, FW, pitch, MF (2% 4 % X £ &
WETDHDZEEMERTIE—ZHBCHEATDIMBFOMB & 2257210 TR,
e MPRHOEELICEMR TSI N TEDL, AFETIE., FPEETZ

CRD2HBHEMICR T D MHBMBERICB T RN RIBFEGTE AT A —Z D
a7y —RrCXV@FEL L,

FHHEBENAORKFEFHEAFERIZEB T, RFE XLV H LRI RIEEE
HNTA—FEEZRMT 22TV ZBEFTERAATEE R, &
BIZITHEEMICE T 22 E0PTEL, HRBEIALVTEENAO T TIT 5%FE
EORHmLBATHDLIZD 30  bhivbhiE7 7 — M ZORBEZHLT 2O
CHEHABE CHARAS<HEERZN R E L, EEHS AT HT OBKWN e f 20 %
MARINTEY D | FLERPFHBEPETREELSALERRICHEBERE T
NHIEE A DR SN D, ZORNEIR, EiRLOBREFE N T A — 2 O Pk
EMEICE®EL TV D,
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2-2. FRAEFHE

FEEIFE—ZEBALTWDHEN 48R (2018 F4KF) IZHF LY =7 EXD
Ty —FREEZERLEZ, Ty — M THAET S OEEBICE W TRE
BB S TW b FW, pitch B X O MF O 2 & L 7=, Pitch [ > W TlE,
Chen b " [T KXo THBINTEFW ET A Y BV X —@sD 4 7y b &I
Ji L7z pitch 2, (Kfli G oM EOY v XA B2 T HOIICHEHL TWVD M,
A L7, MFIZOWTIE, REMRKEE MF &7 7 —FRALDEI 10
JEGIZ B T D FEHFE MFHEEZFHE L, 6110, sk TomoEDGE £ — KX
voxel-less optimization™ (VoLO) ® 7 A4 B U A ZHRFL TV DI NE R LK,
[1-1-3-1. Field width (FW)] (Z# @ L 72, TomoEDGE & — KX 1 = ® 5% 7t
BN TS S M OB OERAAESTS 2L CHRE M oRESM 2K BT 556
Thd, £, . VolOIFE— 2 Ly MEERZM > THERBEFHE L ERT D
LW EVRREITE R 2 RIEICEME T 22 ENHRERAT T a v AT 4
D ThHhY  FICRVWHAERBALEL T LN R FWIZHLTHEDE D, &
NHIZMA T, BREFEHFOMME S FA L 72, Table2-1 145 B D7 7 — kil
HEOEMERZRT, 77— brHICEF 7YV —a X boMzEdkdRrolz,
T — MR IR Y 7 b R (Version 3.0.2) i H L. A E LU T P E M
0.01 Kii& Lic, /B, AMMRAFIEMERRIAE Y —OHMAFEELZBESDKR
AT TCEBLE RRBES - ERAE 261 5),
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Table 2-1 Question items

No. Questions Answer
Do you have the license of voxel less
yes / no
optimization (VoLO) systems?
Do you have the license of TomoEDGE mode? yes / no
On treatment planning of head and neck cancer
3-1 Field width typical value
3-2-1 Pitch typical value
Do you change the value for ripple reduction as
3-2-2 yes / no
indicated by Chen et al. '?) ?
3-4 Modulation factor (preset) typical value
average values
3-5 Modulation factor (actual)
in the last 10 cases
radiation oncologist
3-6 Occupation of treatment planner /radiation therapist /

medical physicist

15



2-3. RERBRLEZR

DT BERICEDT U= FHEBEICEIY, 23RO ORE NG L ([
IR 48%), 23 gk @ 9 B 3 Jax 1 4 THE & & T B O B B IE R O =R BR N
holz, T —FMb, VoLO & TomoEDGE £ — RO 7 4 & AN H 5 i
RITETN TN 67%TH - 72 38  JBHEHEE O F S 13 B RIS E D 65%.
WS BRECRD 25 13%., EFWE £ 22%ThHh o 7= 39

2

=il

2-3-1. Field width

SHSEMS DIEF I DWW T, < O (75%) 1X2.5cmDE EFWAHH L T8
D, Y OMERIZ2.5ScmDEHFWE H W T/ (Fig. 2-1) *® |, TomoEDGEE
— RDTA B AEFF> TWDHHiakDWN83%IL., BIMFWZ fEH L Tz (Fig.
2-2)38) 0 ZORERENDL, TomoEDGET — RO T A ¥ A& o> TV 5 fiiak D
Wit EHT2FWABEENSBHHFWIZBITL TWVWD Z ERRB I
7z, TomoEDGEE — R (T fFdh G m o MFHwmDO v — L g e/ TE D
D, EE G OBRBESAERET LI EARESNA TS 10263 5§
YAEFFo TWVWDDOIZTomoEDGEE — FAMEH L T o lmak L. ®hi
FWOBRKEADHEFNRTE T LT W RrolAlgERH 5,

FWZ 1 A4 X EF 2 (Blz21E, 2.5ecmDEEFWH55.0cmDEVHFW~) =
LICK VP REZEAT 22N TELR, KHEEEROKELNEMT 5 AT
REMEN & D 20  FRIZKEh S mICBIRED & 5T I W TIT KR & 5o
RERENTL2L@MESNATND 20, BREEHOEHEZEET L2 25 1F
S50cmOBHFWRBRNTHLIN, 77— FHAETIES.0 cmD B FWZE £
MUl IERnol 3%
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FWof25 cm

Fig. 2-1 Selection of field width (FW) in facilities. 3%

16
14
E 12 +{ mFixed FW of 2.5 cm
;g 10 ~— ®Dynamic FW of 2.5 cm
S
5 8 7%
6 .
g
S 4
2
= 2 -
0 i

With TomoEDGE license  Without TomoEDGE license

Fig. 2-2 Selection of field width (FW) in facilities with or without a TomoEDGE

license. 3%
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2-3-2  Pitch

Fig. 2-3 1. 7y 7 —MfMALCIVHFGo R CTHEHAL T REEH R
pitch @ fif & /79 3  [1-1-3-2. Pitch) 5 ik L 72 Kissick &5 'V O~ Y v 7 F
YN = OERIE. 94% DR IZ B W THER S L (0.43,50%; 0.287, 33%; 0.215,
11%) 3% . — 5 T, Chen HbO#HE DK SE, FW E T A4 VB F —#his oD
T 7y PEICKD pitch ZFFE L TWDHiakld, Fig. 2-4 I3 d X oI
40%TdH 0 L L > 7= 3% | Fig. 2-5 X Chen L OHREFICHESE, FW &7
A2 —fsotr 7ty bEIZKY pitch OEZEE 3 5 E & 25 %5 H
AT CBRA IR T 30 , 2 ZEE S 2 H G IXEF Y -2 5 A 85 am
BN TEhole, MM ICHFEARERE I Vrole, T b DR R,
2Ly RREFIBFRBEBEICE o TRKWRAA X7 FRNSZ & B L
SWHBHERBHEEREFYR LLZRBARBEMEID b ALy FHRIZHONT
DHEMEF-SESRN PRV EERLTWVWDLIEEZLNLD,

0.435
6%

Fig. 2-3 Selection of pitch in facilities. 3%
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Fig. 2-4 Percentage of facilities that changed the pitch based on field width or

target offset. 3%

16
14 ® No change
2 ® Chan
= 12 1 £
]
< 10
)
g 8
el
E 6
=
o 4
= 50%
2 .
0 .
Radiation Medical Radiation
oncologist physicist therapist

Fig. 2-5 Percentage of job type that changed the pitch based on field width or

target offset. 3%
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2-3-3. Modulation factor
Fig. 2-6 [Z7 7 — MBI XV HFEON TR EMFE ELZMFO E O & %
T3, REMFO B RAE (FEPH - A&/ME— &R KE) X, 2.4 (1.8-2.8) TH -
7z 3% EZMFO bR E (FEPH 0 F/NE — & ORKE) 132.0 (1.6-2.8) TH V|
MW CTEHRHLTWDOIMFEDO ZIZTRENo7 38, RELMFIXMHES M E K
BET22L00, KB EZEIZOARZIM Y AL EHRIERN Z A T 25 8 L W IE
WX L CRERREMFEZE S, —FHF T, REALMFIIHRFREZIER T 5 7
D, MEHRLGHEOBEOEH X ICI20AROBENBE M T 5 A fEMELEDONRT R
EEOHMERH DL, DRlbhixiBEoREICE W T, BHFEM293E B (J7 3
Boo BWHEH1024E B, HAHEH103E B, TWHEASSIER]) ZHEM L 72 EMF4 #l
LW L, i L BOMER ER DMICHED L WO IRED S & HEat
1250%3 K UV97.5% D fifg =8 T B S @ K 69 ° OAR D #it & il £ % Iifi 72 97 3% & MF (X
21B L 26THL Z LR LI D, DAL IF2 10K EMFZ 5 Z &
EoT, ZLOMRICBVWTEIMFEBD T L5 ERAGEERD ., RED

MOBZHEFLL2PORKBNIERNEMR TS EHMEFL TS,

o
on
o
LAN
(@
3
=
S
(@]
|
- I T
Preset Actual

Fig. 2-6 Value of modulation factor (MF) in the facilities: (left) preset MF; (right)

actual MF. 3®
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2-4. HEORR

Ty —FPMERIHEEZZOB A EZEFL TBL T F MRS T D HE
Tl hote, 77— FEIREIZ48% THY ., + 0 EIEF 2 Rhol, BHE
SO ~DOHRMA LN IT IV EVEINERHHFTELLDEE XD,
I LT, MRAFFAET 2RBEE OE (kX T OARD # & il £ X M & iy
M) M (A ¥y 7HOMBEBES) TRM TR AL TWnirn, 7
F—rTEIhboz@fHE Lo, TOH, KA FIT, MM OIRK
WEHBE OERERITHADEICLDERITENT A -2 OEBHZZ LB D
2

2-5. HEiw

PhbnFENO hERE IV —FARKIZT LT v — AL ERT 5 2
WX, HEHROBFRIBFEICBIT LM EEIE - RKRORIGHE BT
A—ZDOEEZHABLIZ, FW TZL< OEE T 2.5 cm NEH I TH Y
TomoEDGE £ — FD 7 A B UV 22 HF T KDL ITEE FW KV L #1# FW
ZEHL CTWi, F72. @ o i% pitch O fE 12 Kissick 5D~ Y v 7 F
N—Z%fH L T\ (0.43, 50%; 0.287, 33%; 0.215, 11%), — 5 T, & E MF O
o fE (PR c B /ME - B KD 12 2.4(1.8-2.8) THY | Mgk TRERITH
DX R LT,
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FBIE v—Aly MRZAVEEREENAVBERITEICE W THRE OB
EPENBIVCYI R BERBCRETEZEOFM

3-1. BFER O G
3-1-1.  CT k% & W 51 1F ik
RANDO 7 7 > b & (The Phantom Laboratory, Salem, NY) & CT [ {4 (2 %
T, EMEENAVICH T 2WHBBEEE 2 ER Lz, BHEFE CT ok &M IR
mEBEPOMOTwMETELE, MEATAARELE I ALY AL X TENEN
2mm, 1.07mm ToH o7, ¥ L7 CT H % MIM maestro (MIM Software Inc.,
OH, USA) (ZHi16 L, CTV ITHH Y T 5 (R ABIE AR FE (virtual target volume : VTV)
EARAETEH Y v NHifH K (virtual prophylactic node volume : VPNV), Jifi, H R
B, D, B O A /EMR L7, PTV(ZNZH PTVyry & PTVyeny) (. VTV
E VPNV IZ S mmOEFE~Y—Y U Z2BMLCTERLE, £, HIELSG TH
%S HFBEIZ D TIiX. planning organ at risk volume (PRV) margin & L T 5 mm % fI
ML (F# PRV), 2o O~ —Y U, BEHERNAE VX —IZBWTE—A
Ly FHIRZBEHL2VWEE OBKHE CTHELALTWL2ETHL, £, HE
HALFEHBIZBWTAF E—LA Ly EHIRET 272 DICKE B

RAANZ 8 cm @ FEHE I I O RIS - 72 TR o (A8 i 25 & # i L 72 [Fig.
3-1(a) 3 ], Fig. 3-1(b) > X PTV & (K48 Wm 2 O i & BIAR &~ 97 Mt & o & i b
R T D0 CT MR ET NTowmAN Tt T —HMHOIRRG®EE
T & % Tomotherapy Planning Station™ (Accuray Inc., Sunnyvale, CA, USA) IZ
YAR—FrENTe, CTEH®HO Y 7 /L% A4 XX Tomotherapy Planning Station @

AARICE S X 1.07mm 76 2.1l mm I EH I T-,
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Virtual contour

Y

2. 8
-

. &t
Virtual contour Virtual contour |8 )

Fig. 3-1 (a) Shape of the virtual contour. This was defined as a semicircle shape
following the shape of the lungs at a distance of 8 cm from the tracheal bifurcation.

(b) The arrangement of the virtual contour and planning target volumes. 3%

3-1-2. & o g Ak

Tomotherapy Planning Station @ # & & # b 5+ 5 CTIX B @ I AR $ 5 v —
LAl y NEHRIBTL2EEXD D, Z OMEEICIE “complete block (CB) & — K&
“directional block (DB) E— K”® 2 2D % — KR H %5, Fig. 3-239 (|22 5DF
—FOMHMEZRT, CBE— FIIREwWBICAFITLIE—LHLLY M AL BOD
WA REAERICED R, —F T, DBE— NI PTV Z@Eil L 7-®%ICHEMA
wmEICAFH T —2 Ly FBThOWER#ELHAEICETLZEZHFRT 5., Ito
oG 19 b AL TIHIEFIC K o TIXIBHEE IR ES N 22T
TERTERNILEDZ W CB F— KTl <, FEIKIZE W TR B E K

WWHWHLNABAZ EBNLWDBE— RFREMHEHL -,
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(a)

Beamlet A

(b)

Beamlet B

Beamlet A

Fig. 3-2 Schematic illustrations of (a) the complete block (CB) mode and (b) the
directional block (DB) mode. The CB mode does not use beamlets A and B, which
passed through the virtual contour, in the dose optimization process. The DB mode
includes beamlet B, which reached the virtual contour after passing through the
planning target volume (PTV), in the dose optimization, but it does not include

beamlet A, which reached the virtual contour before passing through the PTV. 3%

FEEIZE—BEHAEORKIHB NI A —XTHdH FW & pitch OfEIX, & 2 =D
T —FPREBRICBVWTEZHELEOEE 2.5 cm & 043 # H W7o, &E
MF 7 7 —FHEKREOEILDENRED oD, BEMENAE X —
DEESHE 293 EF O FHMHETH D 2.1 ZHALE D, MELFHT T PTVyry &
PTVyenv D EFE O 95%IC N Z 4 60 Gy & 48 Gy & L 7=, F 7. Table 3-1 IZ/R
TIEEMEEE OAR ~OMEHNEZ M- T L) CRk#ELIHFE LT, BFOD
Dxxuld . XX%D K ~D#EE2 KT, Bl 21X, Doguld 98%D K~ D & L 72
5o Dmax EDiems FZTNETNHABEL 1 c®* ORFICHELE S I BREEZ R,

FEEORBEL T B LOREHWEHANTDB E— REMEHALRVEF OBE
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# [non-block (NB) £ — K] H1E L7, B, KMILITHERH L 7= KGO
FBIRBLIOE—FiE, to 5N 204 OB EFEZ XS L LEKEMICHED 2 WIEIE
FHEZEETCEDLOICEEBRLLEEAGDETHL D 1D,

Table 3-1 Dose constraint for the target volumes and organs at risk

Structure Dose constraint Goal
Dogo, >54 Gy
Doso, >58.8 Gy
PTVvrv
Dsoo <64.2 Gy
Dy, <72 Gy
Dosgo >43.8 Gy
Doso >46.8 Gy
PTVvenv
Dso% <55.8 Gy
Dy, <64.2 Gy
Dmax <52 Gy
PRV of the spinal cord
Dicms <50 Gy
Vioay <5%
Lung Viscy <40%
Vaoagy <25%
Thyroid and heart As low as possible

PTV, planning target volume; VTV, virtual target volume, VPTV, virtual prophylactic

node volume; PRV, planning at risk volume

3-1-3. L@ hic X 28 E L O
RPEEFE I L7 RANDO 7 7 > b A CT B a2 Mt 7 7 v b A& L
T Tomotherapy Planning Station (Z % &k L 7=, Tomotherapy Planning Station O

DQA Station (Accuray Inc., Sunnyvale, CA, USA) (2 W T RANDO 7 7 ' b & &
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3 J5 1A [left-right (LR), anterior—posterior (AP), superior—inferior (SI)] 2% L T
tl AR 7B 22K 7N, £3 R B AOMEBETFLEZMA 7= (R, A, S HHNIE
5 )s LR,AP,SIO 1 AR Z LD HY A4 XX, N F 4 2.1 mm, 2.1 mm, 2.0 mm
Thol, METHEZMX-ZHEBIZK LT NBE— KX DB £ — FDREKE
HECHAEINZ IV Z VAT X EHVWTHRESAOFHELZERL 2, B
R L 72 & &2 MIM maestro [CHAE L7, (ME THICKDHBESMOEA
T+ A7V ofETAEZMAT-HFERESANLDL -1 K7 LVONMET
NEMZEBIHERESMEZLIIVEESERICEIVFFMLEZ, 2 DOM&E
DA OBEEIT, FMICXoT40mmb LT 42mm TH Y, KHFRITHE
ML SMO SmmiIZHxbBEWVWE TH DL, o MMETHLICKDHEDO LI,
VTV & VPNV, Dfii. H#i. FRB . Wi > T Dogw, FH#E (Dmean)s Diems

e L ORI EREM HIH L TR L
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3-2. #MHE
3-2-1. B — ALV vy MHIBRZMHWZIRREEE I X 2 0E &0 K2 &

Fig. 3-3(a) *» & (b) 3 IZ N Z 4 NBE— K& DB E— KOG H %2R
T.DBE—RIZBITH30Gy L TOMESHAIEINBE— ROHFESME K&
B0 DBE—FA2WMHATHZLICEY Fig. 3-3 DM OREHTREND &)
(R 3 = B R =/ - e U el L

(b)

Fig. 3-3 Comparison of the dose distributions with the different planning modes.
(a) Non-block (NB) mode. (b) Directional block (DB) mode. The DB mode reduced

the pulmonary dose to a greater extent than the NB mode (dashed arrows). *%)
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3-2-2. fMLETHICE DBMESMO LA

Fig. 3-4 3 Z+1 A7 VoM BETNEMZA-HHERESMN»D -1 X7 &
NOMETNEMAT-BIAEREIMEZEZs LcBB 2 R4, 77 b A% LR
HWZBE LR, VIV(E 7 Aafneh) & VPNV (R A 6 30) o &0 5
BT 2MEDMEALIINBE—RFEIDH DBE— FIZBWTKE Mo 7 [Fig.

%

3-4(a), (b); MM K /R HE] 3 , —FH T, 77 MAZ AP T MICBH L
TZ#E R VTV R VPNV O F U EHB B T 2 ESME(ITINBE—FLD & DB
T — FIZB W T/ EL 72 o7 [Fig. 3-4(c), (d), M#r o XN R4 EE] 39 , LR
HHBLOCAP FMIZBE LI EORMBLEET, 77 FAZ SIHTWICE
B L XICIE NBE—FREDBE—RFROMTOMEDMENLDZT/NZ Do
7= [Fig. 3-4(e), (f)] *» ., Table 3-2 39 |¥ Fig. 3-4 OB E N A ICEB W T 6 Gy
(PTVvrv ~DFHED 10%) LLEB IO -6 Gy L TOENH - - IKFE % R~
T, DBE—FRIZBTH7 7 PABEBICLIMESDMOE(LIT, LR FHIZE
WTNBE—FIVWHERELS,AP T MIZBEWTNBE— RIS ENE
BEMICHERBINE? . £, SIHFMICBWT, DBE— FIZBIF 5 6 Gy ULk
ODEALZ RTHEBOEKBIINBE—RFLID bbF ML,
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10.00 (%) 6.00 (

0.00 (%) -6.00 (Gy
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Fig. 3-4 Difference images obtained by subtracting the recalculated dose
distribution shifted by —1 voxel from that shifted by +1 voxel. (a) LR direction in
the non-block (NB) mode. (b) LR direction in the directional block (DB) mode. (c)
AP direction in the NB mode. (d) AP direction in the DB mode. (e) SI direction in
the NB mode. (f) SI direction in the DB mode. The pink and violet contours show

the virtual target volume and virtual prophylactic node volume, respectively. 3%

AP, anterior—inferior; LR, left—right; SI, superior—inferior

30



Table 3-2 Volumes of the dose distribution difference >6 Gy and <-6 Gy in Fig. 4

(cm?) 39
LR AP SI
NB DB NB DB NB DB
>6 Gy 55.9 76.7 66.3 43.5 50.3 57.1
<-6 Gy 62.8 87.0 53.4 42.6 72.4 73.1

AP, anterior—posterior; LR, left-right; SI, superior—inferior; NB, non-block; DB,

directional block; PTVvrv, planning target volume for the virtual target volume

3-2-3. RFEMEREMEO L

Table 3-3 39 & 3-439 (T ZF N ZF4 NBE— F& DBE— FIZEIF 5 VTV, VPNV,
D, F#, FRBOKBEREREELZ TR T, ME—FZBWVWT, 77 kA&
BE#ic X2 KBEREEEMBOLELLITDNES Lo 3  PTVyry, PTVveny, & B
PRV (2 x4 2 /5% & M O # & H # (Table 3-1) % VTV, VPNV, FH#iCc@E H L 7=
BA. IR TOZ7 7 bABEBENR 2R 7L (SMIZIEEWARZ B Ar%) LN T
b, ME— FORBREFIEEIREHOOHANTH o7z 39 , Table 3-
3BLP 34 0RFOFEIMOEIEL., 77 v b ABEO R WIEHEEE O KERE
BEMZ 100%E LAt E0& 77y FP2ABBRECH A LA KBEREEEM
DEIAE Z T, Table3-53) (I NBE— K& DBE— FOKMEMREEEMD N —
U NEEZRTIRTEOT7 7 P ABEBHEN 2R BV TDOE X LR, AP,
SI HFMIZEBIT 2 VIV E LU VPNV @ Dogy, Dosey, Dsow, Dao, D fH (X € — KH T%
IWENER K 0.3%., 1.1%, 0.7% D 2 Th o7 3 , £, T — FEH DO LD Dnean
BXO Vaey iZZN TR FHICENT, K 1.1%, 5.8%. 7.4%. HH O Dmax
BE Dy 1FH K 4.5%., 4.0%., 2.1%, TR D Dmean D ZE 1T K K 0.5%. 1.0%.
0.3% D ZThH » 7= 39,

Fig.3-53% &, EHOMO KR BHEM (Vasy & Vsey) 77T, NB E —
FEDBE—FRIZBIT 277 FABEHOREIZE W T, Vagy DEAIT., 10K

OB EFK (Vaey <25%) OFIPHAN ToH - 7= [Fig. 3-5(a), (c), ()] - DB &
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— RIZBITD2APBLUOSI SO T 7 v F ABEIZH T 25 Vsgy © AL E X NB
T— FIZBTDEMLELFE CMEME TH o7 [Fig. 3-5(d), ()] » — 5 T. LR 5 [#]
DEAFRIINBE— RNEDBE— RTRALRLMM%Z R L7 [Fig.3-5(b)] . £72.
NB £E—F, DB E—F&HIZ LR MO 7 7 FaBENIZET LLE4L DD
Vagy PEAZRTELEROLZRIZ, B#HEO~ A F AMITH > 7= [Fig. 3-5

()]
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Table 3-3 The change in dose parameters due to the phantom shift in the non-block mode [(a) LR, (b) AP,

and (c) SI]3”
(@)
Shift -3 -2 -1 0 1 2 3
LR [Vogel]
Sﬁt] 6.4 43 2.1 0.0 2.1 43 6.4
?égy/] 59.8 60.8 60.9 60.9 60.9 60.6 59.4
(98.2%)  (99.9%) (100.1%) (100.0%) (100.0%) (99.6%)  (97.7%)
% 5 ) 1 1. 1. . )
][)é;/] 60 60.9 61 61.0 61.0 60.8 60.2
(99.2%)  (99.9%) (100.1%) (100.0%) (100.0%) (99.6%)  (98.7%)
VTV
?é;/] 61.5 61.6 61.7 61.6 61.6 61.5 61.4
(99.9%) (100.0%) (100.2%) (100.0%) (100.0%) (99.8%)  (99.7%)
[DGZ;/"] 62.2 62.3 62.4 62.3 62.5 62.5 62.6
(99.9%)  (99.9%) (100.1%) (100.0%) (100.2%) (100.3%) (100.4%)
][)égy/] 48.7 492 493 492 493 492 48.6
(99.1%)  (99.9%) (100.1%) (100.0%) (100.1%) (99.9%)  (98.8%)
][)é;/] 49.4 49.7 498 49.8 49.8 49.7 493
(99.2%)  (99.9%) (100.1%) (100.0%) (100.1%) (99.8%)  (99.0%)
VPNV
?é()y/] 52.5 52.6 52.7 52.6 52.6 52.4 52.2
(99.9%) (100.1%) (100.2%) (100.0%) (100.0%) (99.7%)  (99.4%)
[DGz;/"] 62.0 61.9 62.0 61.9 62.0 62.0 62.1
(100.1%) (100.0%) (100.1%) (100.0%) (100.1%) (100.2%) (100.3%)
][Dé‘y] 6.2 6.2 6.2 6.2 6.2 6.2 6.1
(99.7%) (100.2%) (100.5%) (100.0%) (99.7%)  (99.2%)  (97.9%)
Heart
\gg/‘:f]y 4.8 49 5.0 5.0 5.0 5.0 4.8
(97.0%)  (98.6%) (100.2%) (100.0%) (100.0%) (100.0%) (97.0%)
][)G“y] 41.7 413 40.9 40.8 41.0 40.7 40.9
Spinal (102.3%) (101.4%) (100.3%) (100.0%) (100.5%) (99.9%) (100.3%)
cord D[g;lf 38.0 37.7 37.5 37.3 372 37.0 37.1
(102.1%) (101.2%) (100.6%) (100.0%) (100.0%) (99.4%)  (99.6%)
Dmean
Thyroid Gyl 57.2 56.8 56.4 55.6 55.2 55.1 54.7
(102.9%) (102.1%) (101.4%) (100.0%) (99.2%)  (99.0%)  (98.4%)
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(b)

Shift

-3 -2 -1 0 1 2 3
AP [voxel]
Shift
6.4 43 2.1 0.0 2.1 43 6.4
[mm]
][)(‘;f‘y/] 60.1 61.2 61.1 60.9 60.6 59.8 57.6
(98.8%)  (100.5%) (100.4%) (100.0%) (99.5%)  (98.3%)  (94.6%)
][Dé;/] 61.0 61.4 61.2 61.0 60.7 60.2 58.6
(99.9%)  (100.6%) (100.4%) (100.0%) (99.5%)  (98.6%)  (96.1%)
VTV Decn
30% 62.3 62.2 61.9 61.6 61.3 61.0 60.7
[Gy]
(101.2%) (101.0%) (100.5%) (100.0%) (99.5%)  (99.1%)  (98.6%)
[DGz% 63.3 63.0 62.7 62.3 62.1 62.0 61.9
(101.6%) (101.1%) (100.6%) (100.0%) (99.7%)  (99.5%)  (99.2%)
][)(?:‘y/] 48.5 49.2 493 49.2 49.1 48.8 47.8
(98.7%)  (100.0%) (100.1%) (100.0%) (99.9%)  (99.2%)  (97.2%)
][Dé;/] 49.4 49.8 49.9 49.8 49.6 493 48.6
(99.2%)  (100.1%) (100.3%) (100.0%) (99.7%)  (99.0%)  (97.7%)
VPNV Dew
[éoy/] 52.7 52.8 52.7 52.6 52.4 52.1 51.7
(100.3%) (100.4%) (100.3%) (100.0%) (99.7%)  (99.1%)  (98.3%)
][)é“;] 62.6 62.4 62.2 61.9 61.7 61.3 61.0
(101.1%)  (100.8%) (100.4%) (100.0%) (99.6%)  (99.1%)  (98.6%)
][)gﬂ 6.8 6.6 6.4 6.2 6.0 5.8 55
(109.8%) (106.9%) (103.4%) (100.0%) (96.8%)  (92.6%)  (88.9%)
Heart v
E‘(?/G]y 6.6 6.1 55 5.0 4.5 3.8 33
(1)
(132.5%) (1222%) (110.9%) (100.0%) (89.9%)  (77.2%)  (65.9%)
PGy] 37.1 38.3 39.6 40.8 4223 44.9 483
Spinal (91.1%)  (94.1%)  (97.1%) (100.0%) (103.9%) (110.3%) (118.6%)
cord D[gﬁ 34.5 35.3 36.2 37.3 38.5 40.5 43.0
(92.5%)  (94.7%)  (97.2%) (100.0%) (103.3%) (108.7%) (115.4%)
Dmean
Thyroid (Gy] 61.1 59.9 57.9 55.6 53.2 49.9 472
(109.8%) (107.7%) (104.2%) (100.0%)  (95.6%)  (89.7%)  (84.8%)
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(©)

Shift

-3 -2 -1 0 1 2 3
S [Vogel]
[fr}l‘r‘f] 6.0 —4.0 2.0 0.0 2.0 4.0 6.0
][)c?;/] 59.8 60.5 60.7 60.9 60.5 60.0 59.2
(98.2%)  (99.5%)  (99.8%)  (100.0%) (99.3%)  (98.5%)  (97.2%)
][)c?;/] 60.4 60.8 61.0 61.0 60.7 60.1 59.4
(99.0%)  (99.6%)  (99.9%) (100.0%) (99.4%)  (98.6%)  (97.3%)
VTV
][Déoy/] 61.9 61.9 61.7 61.6 61.4 61.3 61.0
(100.6%) (100.5%) (100.2%) (100.0%) (99.8%)  (99.6%)  (99.2%)
[Dcf;/] 64.0 63.4 62.7 62.3 62.3 62.5 62.6
(102.6%) (101.7%) (100.6%) (100.0%) (100.0%) (100.3%) (100.4%)
][Dégy/] 48.3 49.0 492 492 49.1 48.6 48.0
(98.2%)  (99.6%)  (99.9%) (100.0%) (99.7%)  (98.8%)  (97.5%)
][)c?;/] 49.1 495 49.8 49.8 49.6 49.2 48.7
(98.6%)  (99.5%) (100.0%) (100.0%) (99.6%)  (98.9%)  (97.8%)
VPNV
][)é‘;/] 52.6 52.6 52.6 52.6 52.5 52.4 522
(100.1%) (100.1%) (100.0%) (100.0%) (99.8%)  (99.6%)  (99.3%)
[Dcf;/] 63.0 62.6 62.1 61.9 61.9 62.0 62.0
(101.7%) (101.1%) (100.4%) (100.0%) (100.0%) (100.1%) (100.2%)
][)c?y] 5.1 5.4 5.8 6.2 6.7 7.1 7.5
(81.6%)  (87.4%)  (93.6%) (100.0%) (107.2%) (113.8%) (121.1%)
Heart
\{3/‘;? 35 3.9 4.4 5.0 5.6 6.1 6.7
(70.4%)  (79.4%)  (89.5%) (100.0%) (111.9%) (123.4%) (134.5%)
ng] 43.6 42.5 415 40.8 40.2 39.6 38.9
Spinal (107.0%) (1042%) (101.7%) (100.0%) (98.7%)  (97.1%)  (95.5%)
cord D[g;lf 39.4 38.7 37.9 37.3 36.6 36.1 35.4
(105.8%) (103.9%) (101.7%) (100.0%) (98.3%)  (96.8%)  (95.1%)
Dmean
Thyroid Gyl 56.1 56.0 55.9 55.6 55.4 55.4 55.1
(100.9%) (100.7%) (100.4%) (100.0%)  (99.6%)  (99.7%)  (99.1%)

AP, anterior-posterior; LR, left-right; SI, superior-inferior; VTV, virtual target volume; VPNV, virtual

prophylactic node volume
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Table 3-4 The change in dose parameters due to the phantom shift in the directional-block mode [(a) LR,

(b) AP, and (c) SI]3”
(@)
Shift
. fvoxel] 3 2 1 0 1 2 3
Shift
(] 6.4 43 2.1 0.0 2.1 43 6.4
][)(?:‘y/] 59.7 60.9 60.9 60.9 60.9 60.6 59.1
(98.0%)  (99.9%) (100.0%) (100.0%) (100.0%) (99.4%)  (97.0%)
][Dé;/] 60.5 61.0 61.1 61.1 61.1 60.8 60.0
(99.1%)  (99.9%) (100.0%) (100.0%) (100.0%) (99.5%)  (98.3%)
VTV
][Dé;/] 61.7 61.7 61.7 61.7 61.7 61.5 61.4
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (99.8%)  (99.6%)
[DGZ;/j 62.5 62.5 62.5 62.5 62.6 62.6 62.6
(100.1%)  (100.0%) (100.0%) (100.0%) (100.2%) (100.2%) (100.3%)
][)(?:‘y/] 48.0 48.6 48.7 48.8 48.9 48.7 47.7
(98.5%)  (99.6%)  (99.9%) (100.0%) (100.2%) (99.9%)  (97.8%)
][)c?];/] 49.0 49.4 49.5 495 49.6 49.5 48.7
(98.9%)  (99.7%)  (99.9%) (100.0%) (100.2%)  (99.9%)  (98.4%)
VPNV
][Déoy/] 52.4 52.4 52.5 52.4 52.4 523 52.1
(99.9%)  (100.0%) (100.1%) (100.0%) (100.0%) (99.7%)  (99.4%)
[DGz% 62.1 62.0 61.9 61.9 62.0 62.0 62.1
(100.3%) (100.0%) (100.0%) (100.0%) (100.1%) (100.1%) (100.3%)
][)gﬂ 7.1 7.1 7.1 7.1 7.0 6.9 6.8
(100.1%)  (100.4%) (100.4%) (100.0%) (99.4%)  (98.2%)  (96.3%)
Heart
‘Eﬁ/ﬁy 6.4 6.4 6.5 6.5 6.5 6.4 6.3
0
(98.0%)  (98.6%)  (99.5%) (100.0%) (100.3%) (98.9%)  (96.8%)
PGy] 42.1 42.7 42.9 42.4 41.7 40.5 40.4
Spinal (99.4%)  (100.8%) (101.2%) (100.0%) (98.3%)  (95.5%)  (95.3%)
cord [5;1]3 38.9 38.6 38.3 38.1 38.0 37.8 37.5
(102.0%) (101.3%) (100.6%) (100.0%) (99.8%)  (99.2%)  (98.5%)
Thyroid ][)gﬂ 57.3 56.8 56.3 55.7 55.3 54.9 54.7
(103.0%) (102.0%) (101.0%) (100.0%)  (99.3%)  (98.5%)  (98.2%)
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(b)

Shift

AP [voxel] -3 2 -1 0
Shift 1 : ’
o 6.4 43 21 0.0
o . 2.1 43 6.4
o 60.2 612 61.1 60.9 60.6
(98.8%)  (100.4% . . - o
o o) (1003%)  (100.0%)  (99.4%)  (983%)  (94.6%
o 60.9 614 61.3 61.1 .
o (99.8%)  (100.5%) (100.3% . o o -
- 3%) (100.0%) (99.4%)  (98.6%)  (96.1%)
o 62.4 62.2 62.0 617 61.3 .
. . 61.1
(1012%)  (100.9%) (100.5%) (100.0 "
N 0%)  (99.5%)  (99.0%)  (98.4%)
o 63.4 63.1 62.7 62.5 62.3
. . 62.
(101.4%)  (100.9%) (100.4%) (100.0° 2 o
_ 0%)  (99.7%)  (99.5%)  (99.2%)
o 47,5 483 48.6 48.8 .
(97.4%)  (99.0%)  (99.7% . . . o
o 7%) (100.0%)  (100.0%)  (993%)  (97.8%
o 48.6 492 49.4 49.5 N
. (98.1%)  (99.3%)  (99.8% . . o o
- 8%)  (100.0%) (99.8%)  (99.2%)  (97.8%)
o 52.5 52.6 52.5 52.4 520 "
(100.2%)  (100.3% . . o -
N o) (1002%) (100.0%)  (99.6%)  (99.1%)  (98.2%
o 62.8 62.5 62.2 61.9 61.6 .0)
(101.5%)  (101.0% . . " e
_ o) (100.5%) (100.0%)  (99.5%)  (99.0%)  (98.4%
o 7.4 73 72 7.1 6.9 =
o 0 . . 6.8 6.6
: (105.1%) (103.5%) (1
_ . o) (101.8%) (100.0%) (97.9%)  (96.0%)  (93.8%
s 8.0 7.6 7.0 6.5 5.9 N
(123.9%)  (1163% . | - L
_ o (1082%) (100.0%)  (90.8%)  (82.1%)  (73.2%)
- . . 0
< 36.5 38.2
N . s (94;0; 104 44.4 46.2 48.1
. 0 .
pin . 0%)  (100.0%) (104.7%) (108.9%)  (113.6%)
e 34.5 35.5 36.7 38.1 39.8 .
e 0 . . 417 44.0
_ 0 (964%)  (100.0%) (104.5%) (109.4%) (115.6%
Thyroid o 61.1 59.9 58.1 557 -
. . 527 50.0
(109.8%) (107.6%) ( ' o
. 104.2%)  (100.0°
(100.0%)  (94.6%)  (89.8%)  (84.9%)
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©

Shift 3 ) -1 0 1 2 3
S [Vogel]
Shift -6.0 4.0 2.0 0.0 2.0 4.0 6.0
[mm]
][)C% 59.9 60.8 61.0 60.9 60.5 60.0 59.1
(98.2%)  (99.7%) (100.1%) (100.0%) (99.3%)  (98.4%)  (97.0%)
][)c?;/] 60.8 61.0 61.2 61.1 60.7 60.2 59.3
(99.5%)  (99.9%) (100.1%) (100.0%) (99.4%)  (98.5%)  (97.2%)
VTV
][Déoyi 62.1 62.0 61.9 61.7 61.5 61.4 61.0
(100.8%) (100.6%) (100.4%) (100.0%) (99.7%)  (99.5%)  (99.0%)
[Dcf;/ﬁ 64.0 63.4 62.9 62.5 62.4 62.5 62.5
(102.5%) (101.5%) (100.6%) (100.0%) (100.0%) (100.0%) (100.0%)
?ésyi 47.9 48.6 48.9 48.8 48.4 479 47.1
(98.1%)  (99.6%) (100.3%) (100.0%) (99.2%)  (98.2%)  (96.6%)
][)c?;/] 493 49.6 49.7 49.5 49.2 48.7 48.0
(99.5%)  (100.2%) (100.4%) (100.0%) (99.4%)  (98.3%)  (97.0%)
VPNV
][)é‘;/] 52.5 52.5 52.4 52.4 52.4 52.3 52.1
(100.2%) (100.1%) (100.0%) (100.0%) (99.9%)  (99.7%)  (99.3%)
[Dcf;/] 63.0 62.6 62.2 61.9 61.9 62.0 62.0
(101.7%) (101.0%) (100.5%) (100.0%)  (99.9%) (100.1%) (100.1%)
Dinean 5.9 6.3 6.6 7.1 7.5 7.9 8.4
[Gy]
(83.3%)  (88.7%)  (93.8%) (100.0%) (106.1%) (112.0%) (118.8%)
Heart
\Eﬁ/ﬁy 5.0 55 5.9 6.5 7.0 7.5 8.1
(77.7%)  (84.4%)  (91.2%) (100.0%) (108.3%) (116.0%) (124.2%)
%“y] 45.1 443 435 42.4 41.2 40.3 38.9
Spinal (106.3%) (104.6%) (102.6%) (100.0%) (97.3%)  (95.1%)  (91.7%)
cord D[léﬁ 40.6 39.8 39.0 38.1 37.4 36.8 36.0
(106.6%) (104.4%) (102.4%) (100.0%) (98.1%)  (96.5%)  (94.4%)
Dmean
Thyroid Gyl 56.2 56.0 55.8 55.7 55.6 55.4 55.1

(101.0%)  (100.5%) (100.2%) (100.0%)  (99.8%)  (99.5%)  (99.0%)

AP, anterior-posterior; LR, left-right; SI, superior-inferior; VTV, virtual target volume; VPNV, virtual

prophylactic node volume
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Table 3-5

The percentage difference in dose parameters between the NB and DB

modes [(a) LR, (b) AP, and (c¢) SI] 3%

(a)
Shift -3 -2 -1 0 1 2 3
LR [voxel]
Shift
(mm] ~6.4 -4.3 -2.1 0.0 2.1 4.3 6.4
][Déxy/] -0.2%  0.0%  -0.1% 0.0%  0.0% -0.1% -0.7%
Doses 0.0% 0.0%  -0.1%  0.0% 0.0%  —0.1% —0.4%
[Gy] . o . o . o . o . o . o . o
VTV Dsov
(Gy] 0.1%  0.0% -0.2% 0.0%  0.0% —0.1% —0.1%
[%2;’] 02%  0.1% -0.1% 0.0%  0.0% —0.1% —0.2%
Dos -0.6% —0.3% -0.2%  0.0% 0.1%  —0.1% —1.0%
[Gy] . o . () . o . o . o . () . o
Dosu -0.3% -0.2% -0.2%  0.0% 0.1% 0.1%  —0.6%
[Gy] . o . () . o . 0o . o . o . ()
VPNV Decs
[é"y/] 0.0% —0.1% -0.2%  0.0% 0.0% 0.0% 0.0%
[%2;’] 02%  0.0% -0.1% 0.0%  0.0% -0.1% 0.0%
][386;]“ 0.5%  03% -0.1% 0.0% -02% -1.0% -1.6%
Heart v
[‘;/(:jy 1.0%  0.0% -0.7% 0.0%  03% -1.1% —0.2%
][Dény] -2.9% —0.6% 0.9%  0.0% -2.2% -4.5% -5.0%
Spinal
cord ][)(1}0;1]3 0.0%  0.1%  0.0%  0.0% —0.1% —0.1% ~1.1%
Thyroid ][)gey“‘]“ 0.1%  -0.2% -03% 0.0%  0.1% -0.5% —0.2%
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(b)

Shift

_3 -2 -1 0 1 2 3
AP [VO)?GI]
[S’mhiﬁﬁ ~6.4  -43  -2.1 0.0 2.1 4.3 6.4
?ngy/] 0.0% —-0.1% -0.1% 0.0% -0.1% 0.0% 0.0%
Doso -0.1% -0.1% -0.1%  0.0% 0.0% 0.0% 0.0%
[Gy] . 0 . 0 . 0 . 0 . 0 . 0 . 0
VTV Dsov
[Gy]" -0.1% -0.1%  0.0% 0.0% -0.1% 0.0% -0.2%
[DGZ;] -0.2% -0.2% —-0.2%  0.0% 0.0% 0.0% —0.1%
Doss -1.3% -1.1% -0.5%  0.0% 0.1% 0.2% 0.6%
[Gy] -7 17 27 0% A% 2% .6%
][Dé;/] -1.2% -0.8% —0.4%  0.0% 0.1% 0.3% 0.1%
VPNV Ders
[é"y/] -0.1% —-0.1% -0.1% 0.0% —-0.1% 0.0% —0.1%
[%2;’] 0.4%  0.2%  0.0%  0.0% -0.1% -0.1% -0.1%
1[386;1“ -4.7% —3.4% -1.5%  0.0% 1.1% 3.4% 4.9%
Heart v
E‘&f]y -8.6% —-5.8% —2.7%  0.0% 0.8% 4.9% 7.3%
][Dé'y] -5.1% —4.0% -2.0% 0.0% 0.8% —1.4% -5.0%
Spinal
cord ‘[Décm; -1.9% -1.5% -0.9% 0.0% 1.2% 0.7% 0.2%
Thyroid ][Dgeya]“ 0.0% —0.1%  0.1% 0.0% —-1.0% 0.1% 0.1%
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(c)

-3 -2 -1 0 1 2 3
ST [voxel]
Shift
(mm] —6.0 ~-4.0 -2.0 0.0 2.0 4.0 6.0
?égy/] 0.0% 0.2% 0.3% 0.0% 0.0% -0.1% -0.2%
Doso o o 0 0 0 _ 0 _ 0
(Gy] 0.5% 0.3% 0.2% 0.0% 0.0% 0.1% 0.1%
VTV Do,
[Gy]" 0.2% 0.1% 0.2% 0.0% —-0.1% —-0.1% —0.2%
[%Zy%] -0.2% —0.2% 0.0% 0.0% 0.0% —0.2% —0.4%
][)égy/] -0.1% 0.0% 0.4% 0.0% —-0.5% -0.7% —0.9%
][)é;/] 0.8% 0.7% 0.3% 0.0% -0.2% -0.6% —0.8%
VPNV Der
[é;/] 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0%
[%2;/"] 0.0% 0.0% 0.1% 0.0% -0.1% 0.0% -0.1%
][)g;a]" 1.6% 1.2% 0.2% 0.0% —-1.2% —1.8% -2.3%
Heart v
[‘;/Z‘iy 7.3% 5.0% 1.7% 0.0% -3.6% -7.4% —10.3%
Fé“;’j -0.6%  0.4% 0.9% 0.0% —1.4% —2.1% —3.8%
Spinal
cord ][)(1;;1]3 0.8% 0.6% 0.8% 0.0% -0.3% -0.3% —0.7%
Thyroid ][38;&]“ 0.1% —-0.3% —-0.3%  0.0% 0.2%  —0.2% —0.1%

AP, anterior—posterior; LR, left-right; SI, superior—inferior; VTV, virtual target

volume; VPNV, virtual prophylactic node volume
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(2) (b)

21| “O Vaggy (left lung) NB 4
-X-- Vagy (right lung) NB

-O- Vagy (left lung) DB
—X—  Vaqy (right lung) DB

-0 Vsgy (left lung) NB
|| =%-- Vsgy (right lung) NB
3 —O- Vsgy (left lung) DB

| Vsgy (right lung) DB

Volume [%)]

Volume [%)]

(=

1
T

T T T T T 23 T T T T ,
76 -5 4 -3 2 -1 0 1 2 3 4 5 6 7 76 -5 4 -3 -2 -1 0 1 2 3 4 5 6 7
Voxel shift for LR direction [mm] Voxel shift for LR direction [mm]

(c) (d)

21 -O+ Vygy (left lung) NB 14
-X-- Vagy (right lung) NB
-O- Vaogy (left lung) DB BAANRAATSNARNRRSNAT: SRRAN SR S RBRAN AN NRAARRART-NRARNRRR
X~ Viggy (right lung) DB i g
16 el LiliyellLIL]) Ll Morimoigge Memm oY e
S S ' -O- Vsgy (left lung) NB
— D Y = ._._._5_,._._;5 é, sy (Ie g
g == g ...... _g_._ =T g_,_ LIS ° -%-+ Vsgy (right lung) NB
E] H £ 33— -O- Vsgy (left lung) DB
g 1oTe © © © © ) —X— Vigy (right lung) DB

N

®
0
@

TIEATEARNARRARA RIS L 1R RARANRANLAT : ARRRRNRRRN RN RRARUARARRARRAREY

-7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 -7 6 -5 4 3 -2 -1 0 1 2 3 4 5 6 7
Voxel shift for AP direction [mm)] Voxel shift for AP direction [mm]

21 O Vygy (left lung) NB 43 T -0

X+ Vagey (right lung) NB T © U

-O- Vigy (left lung) DB O 11T TS T

—X— Vigy (right lung) DB ULeoTT L€ 7T

e SELD

S _ S7R=ii X -0 Vsgy (left lung) NB
% § e 1T -X%-- Vsgy (right lung) NB
g z -O- Vscy (Ieft lung) DB
2 3 33 —X— Vsgy (right lung) DB
s s

1
r T T T T T —1

23
T T T T T T 1 r

T T T T T 23 T T T T T T 1

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 17 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
Voxel shift for SI direction [mm] Voxel shift for SI direction [mm]

Fig. 3-5 Changes in right and left pulmonary doses (V2ogy and Vsgy) related to the
shifts in the directional block (DB) and non-block (NB) modes. (a), (c), (e) Va2ogy for

shifts in the LR, AP, and SI directions, respectively. (b), (d), (f) Vsgy for shifts in

the LR, AP, and SI directions, respectively. 39

AP, anterior—posterior; LR, left-right; SI, superior—inferior
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3-3. EBE

AW TIZ . HT @ DB & — FAFEH EE N A OB BRIB R B ICHE D &
ST 7N LOBENIENL OARDBREBICG A DI ELZEEML L, ARE
77 P2AOBEHICHED DB E— FOMMESHEMETLNIZ LK O®R
ETh D,

BEOBHEITL D CTV R OAR O\ AT, EF . B 1 404 7205 T2 <
XMBMIZBWTHHME STV D 4440 | Warren b &, B F 2 LR & AP 7 M2 +5
mm, SI 5 [AIZ+7 mm V7= & & Smm O SM % £ L 7= SE#E A& E A A S x5
5 VMATJEBI D I1E & A EI2BWT CTVRREDELN 5% T Th D L@mE L
M FE T, BBICH T D Dmaxs DR D Dmeans i D Vaosy O R E 1T S W
LERLE Y bbbl OBEA TiX. RANDO 7 7 > b AITK T 5 B2 ih
BB T 2MT ATV I RIEDOT7 7 N ABEN NBE— FEFLT SM B
NThHhiX, ErM, LKk, F~oBRE0 LT/ BEIEIZE T
LHMEHINOFEHBEANTHDLIZ 2R LT, 20X, T AEEDAICKT D
DB E— RZMMA LR EICE W T, A% CHEM LA %R %
YL T, BEOHXICX LEBKMICHFARBMMANORBELELIZIZ D LB H
FHTED, Itobd, SEIEREMHMATZIRZMLE > T, A ~DOMBEED ML
OAR ~ D AR &2 FFAMM L 72, AR IRICH W THEH L 72 AR 2R IE Tto &
DHFRICE N TR bmWAREZER L, 20421 L bBRKRMICKLSZ &R
RENTZERTH D 1, Z oI (K 22 SRS 8 cm @
FHECH OB RICH > HBR) O Hiz OAR ~OBEZZHEMITH D S
H, SHLIENBE—FKLFAL SMUNORBEFOE X ThHOhIE, BB ELEEL
DA THDLZERHLNE R T,

bhbhoOfRTIZ, DB E— FEIABREFREEICKREREELHE XLV
N, NB T— R T 2 LENELOBRESHNENT D EE2HERLL,
Lee HiE, EEOFMlaNsAICH LT, WAEZBE® T 5 —A Ly b &R
THZELWL Lo THEM~OREREMT 52 L2®RE LR 2D, ZoRKEIX.
DB E—Faifl+252LT, MENMP BRI LT L2 XICERD D
Thbd 2020 KR TIE, DB E— FEMEH L ZBEFEICE D TIEE— A

Ly hzfllRSD57-DORMBEwmBEmMANICKRELL, £, WiioRE
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ZWRET AL DI AP F OB ER S NI L 72, ZiD Fig. 3-3(b) TR &1L 5D
O, AP T MOEFHREBROMBERZESLNCLERRTHDI EEXDBN D,
— HF T.LR AMOKFHFEIEOMANITBMRIZR D, 0072 E 00O BRI
77 MAOBEICLAMEORENEEZ L ET DA DM E S AL B RN
EEAT L, ZDOED DBE—FO 7 72 b ABEINIC LD HBES M OEAIT

Fig. 3-4 £ Table 3-2 T RSN DXL IHICNBE—FELHELTLR FAMIZBWT
RELVAPHFMIZEBNT/hE Lo, TO XI5, DBE— FEZMH L 721K
G OB R M I R ARSI EAT R A TREENSKRE B 72 J7 W T 8 8N
S D EBERALND, £ AP F 1~ Ot & & o 1% A o AR g 25 28 31 A <
FEHMT L TFHEHINDGED, LR FMO7 7 FABEICK M ESMAOD
BEHRITIIDICHRDNND EE X DR D,

LRAEMO 7 7 b ABBICBT D LD D Vasy D EAL % £ 33T 2L E O
TR, B#EB O~ A F ZAMICH - 7= [Fig. 3-5 (a)]. Z rix. AR 6 26 78 4k A3
KRENEHAERLE L TCEAMNBTH DO L, PTV EOIXKE 0 IKEER O K
Micfii@ELTWnWleledbEEZxond, EEICPTVELIRESIEH25 2 mm
FEAEMICAE L TEBY, Fig3-5(anxxmitBrh &L,

DB E— FIiX, NBE— R &# L T Fig.3-5(b) I/ RSN D X D2, i ® Vsay
ZRIBICH D ST, Vsoy T BRMBEICAEERHEEIO LI EHEI LT
7% 7D  DBE—FOMEMIZ LY MHBRIHIEE D UV 27 2@+ 2 2 & 8A
BBCTHbH, L2PL,DBE—FRIZEBIT LMD Vsgyld, LR AGMDO 7 7 K ABH)
ZE W RKR&ELEI L [Fig.3-5(b)] » T OB SRIEI NBE— FTIEMERI NN
2, TOXIIC.DBE—FRIEZ 77 F2ABEHICIDIKBERERIEMEO LI
BWCNBE—RERBRLIMMARLLE, A TIT NBE—FEFEL SM U

DREOBZT ThOhIT, H#EBEREHEMIREHO LI Z L TV,
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