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Physical and technical evaluations of hypofractionated radiation therapy for prostate cancer

HITSZIRAS AT R IR I 6 1 2 By BIRUNIE O W PR 36 K OB R

Abstract

[ Introduction/Purpose]
Stereotactic body radiation therapy is a hypofractionated treatment schedule that is currently
clinically applied to treat localized prostate cancer, and the initial clinical results of the therapy were
reported. In stereotactic body radiation therapy, dosimetric error between the planned dose and
delivered dose can significantly influence the tumor control probability due to a decrease in the
treatment fraction number. The factors are broadly divided into two categories. The first category is
based on patient characteristics such as body habitus change and displacement of interested tissue.
The other category is based on therapeutic devices such as calculation accuracy of a treatment
planning system and irradiation accuracy.
Hormone therapy is used in combination with radiation therapy for prostate cancer based on disease
stage and causes a reduction in prostate volume. The reduction in prostate volume during treatment
period leads to unexpected doses for surrounding normal tissue. However, extant studies rarely
consider reduction during radiation treatment period. It is necessary to perform quantitative
evaluation on the reductions in prostate volume in Japan.
Reports on prostate stereotactic body radiation therapy indicate that it is typically performed by a
robotic radiosurgery system. In this system, the shape of the radiation field is only circular and
quasi-circular collimated by existing collimators. However, multileaf collimators that were recently
introduced are more useful in forming the radiation field. The reported advantages of the multileaf
collimator mainly include treatment planning simulation such as reductions in treatment-time and
suppression of organs at risk doses. To the best of author’s knowledge, there are no studies that
report on the performance of actual treatment by using multileaf collimators. Therefore, it is
important to accurately assess total irradiation for treatment planning and also to evaluate the actual
equipment necessary for clinical applications. However, there is a paucity of reports that evaluate
actual multileaf collimator equipment for clinical application to date.
The objective of this study involved conducting physical and technical evaluations for safety and
efficient prostate stereotactic body radiation therapy. In order to achieve the objective, I evaluate the
prostate volume change as a factor in patients and the advantages of multileaf collimators in prostate
stereotactic body radiation therapy by assessing the actual irradiation accuracy as a factor in

therapeutic devices.



[ Methods]
Nineteen Japanese patients with prostate cancer who underwent intensity-modulated radiation
therapy with hormone therapy were divided into three groups based on the duration of hormone
therapy. The prostate volume was measured by delineating the prostate in computed tomography
images at the treatment planning and radiation treatment stages.
With respect to the advantages of multileaf collimators in prostate stereotactic body radiation
therapy as a fundamental validation, basic radiation fields formed by multileaf collimators and
existing collimators were evaluated by performing a comparison between measured and calculated
off-center ratios and penumbra widths. The evaluations of off-center ratios that consist of two
divided regions were performed in the treatment planning system, and those of the penumbra widths
were performed by using radiochromic film.
The study involved 10 patients who underwent moderate hypofractionated radiation therapy (70
Gy/28 fractions) for localized prostate cancer. In the case of each patient, mock hypofractionated
radiation therapy plans (36.25 Gy/5 fractions) were created by using a fixed collimator, a variable
collimator, and a multileaf collimator. The total monitor units, estimated treatment-times, and
dose-volume histograms of the planned target volumes and organs at risk that were obtained by
applying the treatment plans with each collimator were compared. In order to ensure patient-specific
quality assurance, a phantom into which a radiochromic film or an ionization chamber was inserted
was irradiated by using each plan. I performed gamma-index analysis with a 3% dose difference and
2 mm distance-to-agreement to evaluate the consistency between the measured and calculated dose
distributions by using films.

[Results]
With respect to prostate volume reduction during radiation therapy with hormone therapy, average
and standard deviation of the volume at the computed tomography scan for treatment planning
corresponded to 22.9+10.9 cm’ in the short group, 19.0+6.7 cm’ in the middle group, and 14.6+4.1
cm’ in the long group. At the 36th radiation therapy, these values corresponded to 20.7+8.8 cm® in
the short group, 18.7+6.8 cm’ in the middle group, and 14.4+4.1 cm’ in the long group. The
reduction rate at 36th treatment relative to at treatment planning was 7.8% in the short group, 2.0%
in the middle group, and 1.7% in the long group.
With respect to the advantages of multileaf collimators in prostate stereotactic body radiation
therapy for off-center ratios for basic radiation fields, the average dose discrepancy between the
measured and calculated dose for the multileaf collimator exceeds those for the other types of

collimators. Specially, small fields formed by multileaf collimator exceed a 2% discrepancy margin.



The average discrepancies for penumbra widths parallel to the multileaf collimator’s direction of
motion and perpendicular to the multileaf collimator’s direction of motion corresponded to 0.2 mm
and 0.3 mm, respectively. Conversely, the penumbra width discrepancy was a maximum of 0.1 mm
for the existing collimators.
The average total monitor units of multileaf collimator plans were approximately 27% lower than
the plans involving other collimators. Additionally, the average estimated treatment-time for the
multileaf collimator plans were lower than those for fixed and variable collimator plans by 31% and
20%, respectively. The comparison of the doses received in planning target volumes and organs at
risk indicated that V50% for the bladder was approximately 30% lower in the multileaf collimator
plan than in the plans based on other collimators. However, there were no significant differences in
the planning target volume and rectum dose indices among the plans based on different collimator
types. The gamma-index passing rates obtained by performing patient-specific quality assurance
using film measurements corresponded to 97.4% + 2.4%, 98.4% + 1.2%, and 96.5% + 2.7% in the
axial plane; 99.5% =+ 0.5%, 99.7% + 0.4%, and 97.1% =+ 2.0% in the sagittal plane; and 98.0% =+
2.2%, 98.7% £ 1.2%, and 95.2% + 2.8% in the coronal plane for the fixed collimator, variable
collimator, and multileaf collimator, respectively. The passing rate for the multileaf collimator was
slightly lower than those for other collimators. The patient-specific quality assurance results
acquired using an ionization chamber revealed that the discrepancies between the measured and
calculated doses were within 3% in all cases irrespective of the collimator type.

[ Discussion/Conclusion]
In this study, it was observed that the reduction rate of prostate volume during radiation therapy with
hormone therapy was lower than those obtained in previous studies in Euro-American countries.
Additionally, with respect to stereotactic body radiation therapy, the impact on therapeutic result by
prostate volume reduction is potentially not significant due to a decrease in the treatment fraction.
The results reinforce the advantages of multileaf collimators in robotic radiosurgery for prostrate
stereotactic body radiation therapy treatment planning. It should be especially noted the total
monitor unit and treatment-time were both reduced when compared to the cases involving the use of
other types of collimators. However, patient-specific quality assurance results based on film
dosimetry yielded a slightly lower gamma-index passing rate for the multileaf collimator as opposed
to those for the other collimators. It is considered that the results were affected by the precision of

beam modeling with respect to multileaf collimator (as shown in the fundamental comparison).
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THENZR T D 2013 FEOEE D A MRBEHEFHE (BB T ERRNPALZ T ER0)
X, BiE49.9 TN, tE36.4 AN, B 862 T ANEHESINTVD[1], 7 Th, RINIR
DADREEBEITK 7.1 TATHY, BHEOREEISITRBNTE, B, M, KIBIZKNTE4
P& 722 TWD[1], BINZARDY AT 2 IGF 7 IEIE, SVBHO T C i BRIa R, ARG HRIE,
R L TH H[2], S HIT, BRI HIZ, AISZARNIZE B INRIR & fI) A
T DAL & RS B RINEAR A~ TR R 2 BRST3 2 MM R HEIC KB & D,
RITSEIRDS AT KT DM IRAHEIC BV T, RO FIEL D b Rk B AR H B E O
T OB AT A FE R C & 2 TR LS T B AR IR (intensity-modulated radiation therapy; IMRT,
VK& IMRT &9 %) BEEICBWTAS HWSENS K91 >7=, IMRT X, 1[H2Gy D
MRS 37 [0 5 39 [HIEMET 5 2 & 03— BT dH DA%, Fpk 28 4 SR A SUE IZ B0
THTZ ARG S D Z &1 7 o T2 RINLIR DS AT KT 2 B BIRATE CH 2 (Repil Ehr
TEHRRIAHE  (stereotactic body radiation therapy; SBRT, LAF: SBRT &9°%) TiX, 1A 7Gy
TREDORE 2 5 AT 5 2 & THBEDNEMT5 2 L2 53],

AISZHRS Ao D o/ X, JEPHEF OB IR IZHB T2 a/p b LV b/hank Eh, &
PSRRI L D IR R~ OGRS STV 5 (3], £7o, 1BFREIEDN @ 5 E
L0 b LD b, BEICE T 5 AHBRERBRBE R OB & DR S
DHRIAEND, —J7 T, BEBEIENBDLTHZLI2X, @EEIRAETE, 1B
BT ARREL I ND Z LIZXY, RANICEA TRKREREETILRZVWEEZ LN T
WA, ENSHIER T, 1 BORETREOREN L0 K& BN DL TR & 5[4
BB W T, BERREEZFHTT 2R 1%, BEOERBELox Rifds D20,
o & 72 CREMICHRT b0 &, HESRIEHEHRLE E O FHRUR EOBUR SRR R
E ORGSR 22 CEEEMICHRT D2 b DI KBS D,

BISEIRAS AN RET 2 SN I RRIG R T, U A BEC K » TR WRIEE fE+ 5 2 &
DIBRBAE DL EC DN D EME SN TODH[5-T], T2, WOMIRIEL, SR HE &
OO BT, BN Z 25%-50%0 ¥ 5 Z EnNMmb5n TR Y [8-14], =D
BUORIE, NOWFRIEEZG LT3 » AE TOWBTREL, ZOBRESCHITR > TINL
ZEBHESHTWA[3], £, BIZIRD AATKT D ERIERRIC BT, IEFR T A
W5 a3 o —ZWiEiRks (computed tomography; CT, LAFE CT &9°%) i %& Ny wsiis
DBRLEINS 3 ALUNICERE LTcha, 1R TRHCHNZIRATED 15%RERAD T2 2 &
WESFTIIHE SN TR Y, £ ORI BIBEEIE I GHEH o CT Wi 2 RS L,
FHEION R 2 LIET 2 &R0, WMRIEDOBRIGED DRI CT Oty £ oMM % 2-3
rRBTDZEPRESNTND[15, 16], FHEMHEBII T 5 IMRT TiX, aEHIEPO



RSO O/ NE A B L, Fatllia £ 5 FIESAENIZB O T RIIZANW S
NWTWD[1T], L LA S, BISZIRA AT 3 2 BURBRIG IR IC I T, N iEE 2 OF
T 2 LT K DI GIR ORISR FE O, BISZIRIC TS 5 IE AR B 2 48E
NOMEIZORND Z EIIRBENTND HOD[10, 15, 16], BE, 1EFRLR 5 o RSz IR A
R EBREIND Z L1307, £72, RIVBORE X, ANEIZX-oTRRDZ N
RINTEO[18], " THT U7 NFRCKFHEE DO A2 L L T/haWZ ERfmEINT
WA[19,20], BISZROAEFEZEA DS BAE T IREFRZE O B AT IR 23 A SBRT TR & < 72
DLAREVEN S D70, HARNITEIT 2 WA WL Z OF R U 7o i s Ia i i o §i Sz R4
OB DV CTEEMICTET 2 LERH 5,

RISEARAS AT KT 9% SBRT 1%, ESMCBWTHERT CHKEHR SN T Y, Z0o®RED

%< NuRy b7 — LREFEARINHES (CyberKnife® : Accuray Inc., BAREH A N—F o 7
ETD) EEHLIELOTHDH21), A —F A 712iF, BETFOREIBLOBREH
ET 2 RETEFIRELEE (collimator, VAF=a Y A —% L95%) NEEINTHWDLR, ZhE
TREHRRIZMNE S LIMHRLINZR AR O TV, L LR, T4F, #Hkic
%4yEIa ) A—% (multileaf collimator; MLC, LAFE MLC &9 %) MEREINT-ET LN
L, XVBHREOESWERNERZRE TSI LML o7, ZRITEY, AR
AIZHT B SBRTIZBWTH, ZHETEY bORMDOENIZIREDH % b o 7= ikt
FRRIEASOMIFER SN TN D, FERRIS, YA —F o 72T Iz MLC O IS
LHHMEF SN TWDED, TNHIEH < ETHHSHBEEGEEEE FTo@Eim b - 7222,
BLitAﬂC%ﬁmLt%@%mﬁﬁﬁﬁﬂﬁLf%ﬁﬁﬁﬁﬂﬁ%ﬁ%éhfwéﬁ,
Z OWE BTSSRI RS E & OBAMEICE L TE L LTWian[24],
TEHHRIARRIZ BN T, #SREO SN S & S%ICIZ D Z & A KEEFSHELER D
5OWMETHR SN TVD[25], TOEMAMHENS ZHRT 57208, Bric /28 E 2 K E
AT DB, FANC RIS E & B IE Rt RLE E & O A& el 3 D 1F %,
WhbWwbaIya U T ERITOMLENRD D, TDOaIyira=rr%, @, ERELR
FRSTEF I L CEFI3AT oI, EOREMEA MR L% K0 BRI B kR L OE
HEZR HRA JIEICxE LT Tl D, F72, IMRT R° SBRT (28 Tix, FEERICEF ~O RS %
Fhad DR, B D LA HBURBRIG IR EZE E 2 0E - 72 AN S U SRS E THRBL T X
TV 5 )RR T 5 patient-specific quality assurance (LAFRAEE QA L3 2) ZFHMET 5 Z &n
HIE XN TV DI26,27] L LR D, YA /N—F A ZITHZICEE SN2 MLC (23 %
INHOHET, BOMAICBWTIZINE THEEL TV,

IEDZ &G, ARBFROBRIE, MHERZELETT 2 BEME T Ch DRI AERE D
ZAbI K OV SRS EAI R 1 C & 5 FEM S BIB IR & 27 JZH 15 5 MLC DA



PEZ G5 2 212X, RISEARAS A SBRT D224 TR 22 FME D 7= 0 1 2R B L O
Bt e Rat 2175 2 & ThH D, AFRO BRI ZERT 572012, BINROEREEICE
WL, WAL Z OFF L7z IMRT (231 2 BNLIRIARRE O 26 & NI IE O Blba 5 &
IMRT DBiiAE TOMIMIC K 2584 5 O TRIFIICFE T 2, 72, EMBSHIaREEN
VAT LD MLC OF AW TIE, MR & LT, B 7 RSB 2 0
MR & O RIA TR AT S B 1 X B R EREIC W T AT, BRI S LT, EBEO
TENL U BRI A 5L U 7o TRIREHEINC 351 2 RIS BE O RTAT 21T 5,

2. Fik
2-1. FEHRIBIRIR T B B R SI AR O R FE 2L
2-1-1. IR R BIR RIC81) 2 ANZIRO KFEZAL

X, 2008 4510 H 7225 2010 4F 2 HICHIZIRAMRIC L 0 BINEER S A L B2 & i, Ny
WHERIEZ DR L7 IMRT % 3206 L7- HAR NS 194 & Ui, WOMMERIEIL, PERRERG AV
FUBMHANVEY T IR MEHT v RS VRIS L D RKT v Re 7 U ERENMTD
I, SRPVERFBREE I L0 N WRIE & I U7 BRE AT R DRSS LT, MREBED
TR O RAEIL, 705 (61-78 5%) ThH Y, TRTOXMGEEIL, I HICREEHRD
EEPERA S0 Z LIV TERICTHAIN, AELTWD, £, KRIFERIL, XL
BENDIREZ T 24 TR RFRFRETRFEROMEEZEERI L > TRRBEZIT -

KRRFE S : 2013-0146) ,

AW TIE, WCKFEED S STV D TR DR R & k35 72 DI [15, 16], N
S UARIE O BAR D & IR BN 5 CT BB ORE £ TOMMIZ L - T, XI5 %
3 BRSO T TRET & AT o 7o N IIRIE O BRAG D> D O BRIB G CT % £ ToOHIM R,
3 7 A AT O & 5L I IRE (short group) , 3 7 H BL 1 6 H AR OREZ [ # (middle group) ,
6 » AU Lo %2 EMEHEE (long group) & ERHK LT,

IMRT i, 1[8] 2 Gy féS % 37 [B], FafRE: 74 Gy CIHE L, MMM O PyefEix, 55 B (50—
61 H) Thotz, BEMEEZRET DH-OIATIMBEREGICENT, BEENCT EE

(HiSpeed NX/i, GE Medical Systems) (2 & - THuSG L7 CT B 2 fEtrEi & L7z, A%
TSR L L7 CT mifgiE, HoH#asatm Al CT mifgds K OVIMRT o LIEIH, 6[H1H,
11EIE, 16[=H, 21[EH, 26[EH, 31[EH, 36 BHOAMERS CT B TH D, #HKif
7 A—=20%, HEHEE 500 mm, AT A AJE2mm, FEE 120kV, EEIRICI O THIH
IBFEEHE ] CT XA B2 L, (MEREH CT T 100mA FREThH -7, B
U7 CT M1, KRG GHmE2EE (Eclipse ver. 8. 9 : Varian Medical Systems) [ZH Y
AFEI, 1 ANOBSHIESE S RIS R OB H 21T 5 2 LIT X o T, FHlZEE OMRE % M



WTHISE RO R 2 5 L7,
£z, W 2 MANEB Z G 572012, BAERICHE L2 9412 LT
FHEER A H 24TV, 2 BlIOWmEHOERZFH L,

2-1-2.  HEEHEMT

WEFHIEANTIZ, #EFHENT Y 7 h =7 (IBM SPSS Statistics 22 : IBM SPSS Inc.) Z#{fH L T
Fliti U7z, BORBRIEFEFHEH CT $RA812381) 2 RNLIRATE & K BED W 2 THE T 5 72912
—TELE T 1T o7, £12, TNENORETEWT, KRG IR & o Fi AR IR
AT 572012, 7V — R U REZIT oo, ImBEGRIL, B RRIBHREHE CT 2B
TRENCZEN T2 L, 3 J OB BIREII B AFIC i E L N2 & & L,
Z DIFEAH O EIZIL, 0.05 DA BAKRAEEFITT=,

2-2. EMBEBIGREFH AT JMZB T 2~ A TF ) —7 3 ) A—=2OH MM
2-2-1. JSTRRIBRAEE IS K OVBOH B IB R & ) 2 1

ABFFE T L= A S—F A 71%, BEICI T DT T /L (CyberKnife® M6™ series :
Accuray Inc.) TH Y, ZDOHNBL%E Figure 1 ITR-T, A —F A 71X, X2 FORBEEK
ZH O AT A KD/ EHERINEGR N EBR SN, Znzx TEHAeRy h7—
LIHEWT D52 LT, HOOLHANLORKENIREL o TS, £, EMHEMRINE
WO END XL, 6 MV O X —%24 L, A REMEHINESR I3 £

Figure 1. Appearance of the robotic radiosurgery system (CyberKnife® M6™ series).



EINTWDLT7 Ty h=v T 740 F%RS 2 L1285 T, 1,000 monitor unit (MU, LAE
MU &F2%) /min DEWVERERE WO REN G L5, BEMBERGS AT AL LTH, RET
(BRI S D X RERIC LY, BEMEOEMITHT 2EEIMTbID Z &Ik -T
EGFHE BRI NFER SN D Z L1285, LD XD NG, 7 IY A=
DIEF N FREEE 72 RN AR & 72 0, BN UG IR L LTz o A7 LR & 72
S>TW5,

F70, AFRTHEA LA NRN—F A TOEFAICBNCT, BETE2HETLaU A —
2%, Fixed 2V A—% (LIEEE2 Y A—% L35), Iris' " AIZ N3 Y A —4% (LI
ZEay A—4L$5), InCise" MLC O 3 HHHAZ A L TEY, ZOR0hHIRFRF I =
U%~&%ER¢6:&K&60:h6@39f~&®%@%F@m2m%¢ [EE=Y A

— & O MRS E T ZSmm 25 60mm £TCTO REEHEINTEY, BRIZMNFBIZEE
IND, BEHBFORE IZEFETIHIEICE, BEENICTCFEH T A—X 2T IHH
ERDHDH, RIZ, AIE Y A—X OB HERKIZ, BELSmm 25 60 mm £ TO 12 FikH

AESHTODR, BRIE 2 ARORUNZMNETH S, MEFORE S2LHETHERIC
i, BEE= Y A—F L3RR, BEITAET LI ENARETH D, KEIZ, MLCIE, &
E250mm DU —7 41 RN HEKY, AT 110 mmx97.5 mm OEEREE TH D,
U —7 ORE#EHHEN THNTEEORPE R L ORE SITHRIET 2 Z LN HETH 5,
¥, T TICERIR LR ORE B LY —7EIE, MRIREEREEEERE (source-axis
distance; SAD, LA SAD &9 %) 728800 mm ([ZF1T 2ETH 5,

HORRRIG IR EHEE B, YA N—T o 7 EHOFELERE  (MultiPlan® 5.1.3 Treatment
Planning System : Accuray Inc.) Z /A L7-, MREFHR T LY X AL, BT L2 A —4
L THRR-TEY, BEaYA—FBLOTLaY A=ZFLA b=

(ray-tracing) 7%, MLC IZABRY A X~ 2B — 24 (finite-sized pencil beam) ¥ & 72 - T
WD FOFRRIEEE R ISR TS CT Mg, HF#iaieatmi A CT 45 (Optima CTS80W :

(b)

Figure 2. Images of (a) fixed collimator, (b) variable collimator, and (c) multileaf collimator.



GE Medical Systems) |2 £V Fifg U, iR /N7 A —Z I IEMFHHEE O FIEIZB W TRLET 5,

2222, ERWRBHTOaI vy a = Zickil s a ) A — X Boki

ER IO a3 v v a =2 7 T, ®hsh#iElt (off-center ratio; OCR, LB OCR

T %) LPEMHEBIEICE LT, WEMLFEEE O ER T Y A—ZITH LT T2 7z,

£, OCRIZET DaHMiC DV T~ %, BB B E I fH D > TO D HEED —
OThD aIvyva=rr7Y—) ZEALT, WEMEFREMEOLEZITo72, X5
77 v b AEUKE L, SAD F 800 mm THEE, HELRIT 15 mm & 100 mm & L7z, #HiliZ
ToleBEHORZ S, BMEa) A—FBIOALET ) A—=Z|ZHBNT, EETS5mm,
12.5 mm, 30mm, 60 mm T& Y, MLCIZHBWT, 7.6 mmx7.5 mm, 12.6 mmx12.5mm, 32.6
mmx32.5 mm, 62.6 mmx62.5mm TdH -7, £7z, FHliZ Fh L 72 OCR O#FPAIL, MAE
DR E S 200 mm” A 1256 L T IEHAH BF#§ 0+30 mm, 200 mm® L EIZ5%F L TlE+50 mm &
L7z, AWFETIE, OCR OfEIkA 2 DIZ5 T THIEM & FHRME O i 217V, DS &
D 20%LA DO fEIE A N RIS X OV fEIk (inside/penumbra region) , 20%Aii D fE IS & S+
HaE (outside region) & iE# L7- (Figure 3),

WIZ, FEHEBE ST 27 S>W TR %, AWETIE, VA4 7nIv s 740
2 (GAFCHROMIC® EBT3 : Ashland Specialty Ingredients) % &~ 7 > k& (I'mRT
Phantom : IBA Dosimetry) (ZffiA L, 500 MU OS2 G L7z, #REND 7 7 > b AFKIH
ETOHMEZ 800mm & L, 7 4 /L LTRSS 90mm DL ZAICEE L7z, MLC (%, E—A

30
100
1 20
—_ 80
S T 10 2
2 60 =
S 10 £
;'g MLC_Calc.(X) 1 0 2
~ ——MLC_Meas.(X)
Deviation 4 20
0
- - - 30
-50 -30 -10 10 30 50

Off-center distance (mm)
Figure 3. Illustration of off-center ratio evaluation of the field formed by multileaf collimator as an

example. The inside/penumbra region is shown as a light gray region and the outside region is

shown as a dark gray region.



AN DO I 2 K5 Z LN TE D728, Figure 4 (R TLLTF O X 5 RREEFORE &8
FOMLEZRE LT 5 (a) 174 mmx47.5 mm, H0, (b) 17.4 mmx47.5 mm, H.O6+X 77
]~ 30 mm &), (c) 17.4 mmx47.5 mm, .05 5-X JFE~ 30 mm B#), (d) 47.4 mmx17.5
mm, H0, (e) 47.4 mmx17.5 mm, F.07H+Y G~ 30 mm BH), (f) 47.4 mmx17.5 mm,
FONB-Y HHA~30mm B#), £/, HEaY A—ZBIOAILa ) A—ZFe— L%
dts & L7 R 722 IRETEF L T & Rz, BBIFIFER 15Smm D= ) A—Z &ML,
BIENE & FHAME & D AT o7z, HREBEBIEOR IS HZ Y, AR TIE, KRHBRED
20%-80% Bk DOE & E 7% L CalfiZ 17~ 7- (Figure 5),

T, BEENTET 4 NV ADITITEICOWTEHAT S, TICHZ Y, FRNCHEE
ENTMREE 7 4V LAOREORBGRERTRIEMR (RE-RELHER) 2HET 20
DD, FREffRORELX, 7470l v I 74NV EEFHET7 7 b (X704 —H
—7 7 hA FEAE) POES 100 mm ([CECE L, BRETEFE 60 mm OFEE=a Y A —

+Y
(Robot base)

I

(e)

X +X
(X1 bank) © @ ® > (X2 bank)

Y
(Patient)

Figure 4. Geometrical arrangement of radiation fields for penumbra width comparison with multileaf
collimator. The penumbrae were oriented and located as follows: (a) along the X-axis and centered,
(b) along the X-axis and shifted by 30 mm in the +X direction, (c) along the X-axis and shifted by

30 mm in the —X direction, (d) along the Y-axis and centered, (e) along the Y-axis and shifted by 30

mm in the +Y direction, (f) along the Y-axis and shifted by 30 mm in the —Y direction.



X HME %, 0-750 cGy D#iJHZ 254D 7 4 VDKL TITH Z &k » THIE L 7=,
BE ST 4 VBT, 74 VLENTY 7 v =7 (DD-system : 7—/VT7 v 7)) InH 77
v by A2 2 % ) (Epson ES-G11000 : A 22—V ) 2k~ T, 48 £ > s RGB
E— K, 150 dots/inch THV IAZx, fRHTIZIZL » RF v U RADT P HNT —Z 2] Lz,
T ANV LD ATIZER L, BEHR DT ()L L DOREE LR 2B L TR 24 RpfERE - 72
A5 TS L 72 (28, 29], £ 77, KMEHEEROMEIL, 0.24 cm® OUUERTEZ b O BEEE R

(Extradin A12S : Standard Imaging Inc.) &L > T 7 ¢ /LA & [RERO KT FHELE I CTRIE &

177,

2-2-3. RONEHRDS AVENL UGB T 2 2 ) A—& % A T DRt
2-2-3-1. IRPFEEETH

RIRBFNX, BINIRAERIC L - TRINIRS A E2lrs i, U o fiks L ONRRIER O 72
WIBFE 1040 & L7z (Tle-T3a,NO,M0), ZHH1E, 2016 FE2 AnE 8 HDHWIZIZH A AN
— A 712K D 1[E 2.5 Gy ST 2 28 [1], ##E: 70 Gy O BIER A Z T B&FE TH D,
ANZARICIE, IR OB IRA O - 012, FRNCWREBROERIC L > T3 204
= ANEOIAENTZ, HEEEOFERO T REIL, 665 (54-79%) THY, $3TD
RGEEL, AR ICERIRBERSCEBEAEH SN D Z LI o TEmICTHA S, [
BLTWD, RIFFEIL, MGEENBEE 2T b3 X iRawbt (ZA% 5 1608-3) B X
O il B R KPR E 7 R A ek GRFRE 5 :16-316) DfMFIEBRIC L » TRREZ T 12,

120

1100

—>

N
<)
Relative dose (%)

e==\LC_Calc.(Y)

e—MLC_Meas.(Y)

-35 -30 -25 -20 -15

Off-center distance (mm)

Figure 5. Illustration of penumbra width of field (f) evaluation as an example. The penumbra width

is shown as a light gray region and arrows.



TR AV D CT EifgI, AR L2 CTEEICL VU TORT A—Z TR L ; #
7 A4 A 125 mm, AZEHEEF 500 mm, 512x512 €7 &b, EEIE 120kV, FEFR 420 mA,
Rt S 7z CT BRITKE L, 1 ADHEBIEREIC X > TIEMEZRF Z O A 7 g O fin 2
M TR, £ OBRITIIBEKILINE G 2 2510 LT, BRIERAFE (clinical target volume;
CTV, L CTV &9 %) X, WWNCEFELC, AIIRD L IIRNZR & REEEE L L, &
EIEA){AFE (planning target volume; PTV, LIFE PTV &9°%) 1%, CTV Z&{HIJ7 A1 3 mm,
DT XTOH MBI S mm LR L7ofmEh & Lz, 2o ofith Shzmez b CT Mgl
%L, 11[8]7.25 Gy B % 5 [\I1T 5 $BR 1 36.25 Gy O ENL I SR IAHE 2 A6 L 7= 3 2 V1 2
LTc. ZOBEOMELST HIEE, PTVRFED 95%% WGMENE S Z L L Uiz, MREKRH
t A k77 L (dose-volume histogram; DVH, LAE DVH &9 %) 128175 U R 7 figids D&
HRNE, EFICOWT, V50%<50% (RLHRED 50%% 521 2 B ORI 50%A0 T b
HZE, LBELEEETH D), V80%<20%, VI0%<10%, V100%<5%, BEHEIZ2VT V50%
<40%, V100%<10%, KEFEIHICOWTIE, VA0%<5%Ziii-4+ & & Liz, MLEDPTV
v U ROMELT, ML, ESN ORI X F T HRRBROEAITIIEICES 2 & L Lz
131,

BREHENE, FEFICHL T, ME=a Y A—%, AIZal) A—%, MLC ODZRENITD
WTMNEIN, BEE=Y A—F7TlE, BEFEZR 15mm 75 35 mm OFHPFHNDS 2 DO KX
EDaY A—HERINL, AIEaY A—% T, RHAEELE 12.5mm 25 40 mm OFLFHH
H3DODOREZIDAY A—=HERINL T To7c, £z, TXCOIEFEEIL, Descovich H
IZ & > TEEHNZ R R 50T % [sequential optimization] D FHEIZ K - Thfb & 3kt S
72[30], FAKBIZRIRIFFIEN. ZE TOWBELE LT, TRETNOa Y A—Z XL TAZ U
NEERR L, ZNEMER LTI Oz FE Lz, 0%k, SMEflEmeEs ko
WZRDETNRIA—FZGR L, RElEZ#RY IR L7z, MLC OIEREHENIZ I W TRER D =
U A—52 ERNCREELT O MBENRH H /3T A — X BFELE L, AWFJE Tl leroded, perimeter,
and random shape ] @ [ BF I 24 L 7= [conformal avoidance] 754 %®IR L C, fkifb
% e L7,

2-2-3-2. H3 QA (patient-specific quality assurance)
FRESMHRFECOWTHAT S, 77 FPABLOT VAL, Hik2-2-2 D
TEIRE ORFTE RO DOEHEA L, 77 v b AITIEEA L7 4 L AIThLEERZ 5
T DO~ —DEROTT2, 77 PO CTREIZBW I TDO L 5 7287 A—H T
Wty a AT o725 AT A AJE 0.625 mm, A ZhHEF 320 mm, 512x512 ¥ 7 &L, FEIE 120 kV,
HEI 400 mA, 7 4 L N E BT, SR, eRRETEICFEEA LT 7 > AR L, A2



R U7 BE ORI % Rk O S IS 72 D X5 I8 LIAA TEHEEZITY, Zhaiti
& Lz GREFHHEZ U » KA X, 0.625 mmx0.625 mmx0.625 mm), 7 7 > h AL T
HRIR AT o TiaEt I Z, REICT7 A VA EA L7 7 o P AICRE L, HiE22-2 L&
FEEDOFNECTHIEMZ T Lc, MESMBITEIC OV TR, HEAREMLESS, FHlAIC
B DREM & FHRAE & DR E7E% 39 local pixel dose-difference (LPDD, LI LPDD & 3
%), L EE T R L RO O A & 7 distance-to-agreement (DTA, LA DTA & 9°%)
R ENFET D08, AFFRIZE W TIE—BKIICERR THWH TS LPDD & DTA %Gk
L7edHli AL Tod 2 1 V< fENTIC K o TR 24T o 7o, % OIE L HEIL A TR I O 41l 72
EMN D 3% LPDD/2 mm DTA [31, 32], #FAlixt S O &BIEIL, HBRKBED 30%E L, T
7 h 7 =712 DD-System & H\\ 7=, 723, 74V LEENERT S Z LI X ABERT A
BET D721, EEEOBE T HIREEE D53 D MU fE CRE 217> 72, BIESMELZ
Figure 6 (a) (27”7,

WK ERRGEIC DWW Cab %, 7 7 > b AR & Fl—? 1 @ (’'mRT Phantom) %
AL, BEFHIMEARTE 0.007 cm® OEHEF AR (Extradin A16 : Standard Imaging Inc.)
A Lz, 77X COMHRRMRFEICIS W TREFHT Y 7 PAOFLICEEL, T2
TEREATHE LD PTV UL —Ed 2 K 9 ITIRERTE OB LIAA 21T > 7o, IRFEFHEICIB W T
BB HERT AR B AT ORI A Bt L, T OMEIROMEO AW A HEME S L, HEmM L
DB HIT o7z, 728, HABRERIETIX, EEEOBE OIRFEEE & R0 MU 26 L
THREZIT > 7o, WESMBLZ Figure 6 (b) (ZR-7,

Figure 6. Appearance of the patient-specific quality assurance for (a) dose distribution and (b)

absolute dose.
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2-2-3-3. WREHEHT

WEFHIEATIZ, #EFHENT Y 7 h =7 (IBM SPSS Statistics 24 : IBM SPSS Inc.) (2 X ¥ Ffi
L7, B BIRHEETEER L OUEE QA O RICHT 23 A—XMOEITH 12D, 77
AN 4 U ARE ZAT 2 Tz, IRIARGEUE, IGFRFHE R L OVEHE QA OffRIZB VT ) X
—HAENCEDEFETRN &L L, TOIRERHOGEITIE, 0.05 DA BEKEZRIT T,

3.
3-1. B RRIER I I 31T D RINLIR O RFEZ b

AWFFE TR & LT BE 2R U2l 8, IR 5 4, TPHIRREIS 8 44, R
X6 ThoTz, THENDEECIKIT 5 BERREL Table | ITE LD D,

RRRFHY 72 B IR O IRFEZ AL %, A BEIC 51T 2 P ES L OMEHER A & L T Table 2 (127”7,
T BB E D 7= DI Hefs L7z CT BH{RIZIB VT, AZIRARE O VRME X, MR T
229 cm’ (10.9-36.7 cm®), HHIBIEET 19.0cm’ (12.0-34.5 cm®), EHIRIEET 14.6 cm® (10.6-
203 em’) Thotz, —TTREDSBAPTOME, Zh O OBBICHEAIBESN 20 -
Too FTz, BESHIGHETEH CT BRI 2 B B BIE R R ORISR AT O AL R %
Figure 7 \ZX7/R 9%, 1RFEFHE A CT B & LRk U C 36 [0] B O RIS, BISLIRARTE O

Table 1. Patient characteristics.

Parameter Stratification Group
Short Middle Long
Tumor stage Tl 2 5
T2 3 1 1
T3 2 4
T4 1
Lymph node metastasis NO 5 7 4
N1 1 2
Distant metastasis MO 5 8 6
Gleason score 6 2 1
7 3 6 3
8 1 1
9 2

Prostate-specific antigen (ng/ml)

median (range) 10.9 (4.6-17) 12.1 (4.3-26) 53.6 (19-290)
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Table 2. Prostate volume changes over the course of Intensity-modulated radiation therapy.

Prostate volume (cm’)

Group  Treatment Treatment fraction

planning Ist 6th 11th 16th 21st 26th 31st 36th
Short  22.9+10.9 22.4+10.5 22.4+10.7 22.3+10.2 22.1+£10.3 21.049.7 20.749.6 20.9+8.9 20.7+8.8
Middle 19.0+6.7 18.9+6.9 18.7+6.9 18.8+6.7 18.846.7 18.9+6.8 18.8+6.8 18.7+7.0 18.7+6.8
Long  14.6+4.1 143442 142440 144242 142440 143443 143440 14.4+3.9 14.4+4.1

100 &
99 x % x ” .
98 o X 2 > » X X
) e A N A A
£5
S o 96
29
28 95
S =&
S o oA peee
= «E 94 0 S-NAD group o
é) :5 93 ......... X M_NAD group o
e 92 -l A L-NAD group -
91_|
e
0 1 6 11 16 21 26 31 36
Fraction of IMRT

Figure 7. Averaged percentage change in prostate volume in each group over the course of
intensity-modulated radiation therapy. The error bars with standard deviation were abbreviated to
avoid overlap among the groups. % fraction #0 = computed tomography images for treatment

planning.
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D SR, ST 7.8% (2.2 em®), PHIRTEET 2.0% (0.3 cm’), R HIMIEET 1.7% (0.2 em’)
Thoto, WEHENTICEW T, MRS L O IR IS e R MR Ic A B 2=
DAL, BRYBERECIIAEEEZIIALN 20>z GEHIERE : p=0.004, TR p=
0.049, RHIMHE : p=0.298), #wsfHH ORI L MR LoRER, BENLENT, PRIET
4.0%FEETH -7,

3-2. ERINRBHITFOaI vy a = ZIZB 5 a2l A— 2B ok

TET 7 FRURTEF 1250k 9 2 I E 8 & FHEE & OFREMEDFHIEA Table3 1I2F LD,
TEAE & FHRAE & O RE EAR IR, PR L OvE R AR, AMEEIR S B2, MLC LA
EAYA=FBIOAIEY A—Z L) RERFERTHoT2, £/, NEBHEEI LU
FEIICBI LT, MLC ZfEH L72BR O EMEL, NSRS T 2% 2 B2 DR b 2
bR, —HT, FME2 Y A—FBIOALE2Y A= TOMEE, BHBOKE S
BIfR72 < 0.1%LN Th o7z, S HIT, AMNMBEBICK T S EMEIXEN TN, EE=Y 2
— 2B 0.1%LN, FIZE Y A —H 3 0.1%LLAN, MLC 28 0.4%LLNTh -7z,

WIZ, MLC (12 X Y I U 7= B BRI 3610 2 - 52 AEUg o0 ) E B & FH5LE % Table 4 (27”7,
U—7 OB R TH D X HINZR T 2 HEOFEEIX 0.2 mm T, HAMEIX 03 mm Th
o7z, V=7 OB G AICK L CREZR Y HIAIZHE T 2 FEOFEEIX 0.3 mm T, HAMH
1£0.7mm ThHo7z, =T, HEY A—XIZBWT, & DA (Figure 4 D+X HIIZHHY)
TIE, HEMEIX 3.7 mm, FHEMD 3.7mm THo7-, F7z, KkHHM (Figure 4 O-X I FH
M) TIE, WEMIL 37 mm, FHEMIX38mm Tholo, AiAEa ) X=X T L THRED
REt&AT o 72 4ER, 551 (Figure 4 O+X JINAHY) Ti%, HIEMIX 3.7 mm, FHHEEIE
3.6mm CThoto, £7=, &5 (Figure 4 O-X ANZAHY) <Tix, HEMIZ 3.6 mm, FHE
fEH 3.6mm Tholo, ERNOFETDIEET Y A—FBIOAEa Y A—=FITBIT 5
SRR R O E E & FHRE & OFHEIE, KETO0lmm Tholo, Fio, MEHBOLENIC
LB PHEIEMIT+HX A & -X M TRIETH > 7228, fHEEITEMICE ) BHa a2 A LR TH
ST, Y HFHIZBWT Y, sEMEITEAZ b o B3 H L n, FEMEICBWTIEZE
D X5 BREIIA BN Do T,

3-3. BISZIRDN AVENLHUHAIG RT3 ) A —& % A T Ot
3-3-1. IRPEETHE

ZTREND Y A—2 % AW TILE LIZRINARA A SBRT OIRFEFHENIC T 5 /3T A —
ZIZOWT Table 5 I2E LD MLCIZB T D E—2 8L, BEE= Y A =2 L0 b 28%,
AIEa Y A—=Z L0 b R2%DRVFER LY, Fo8 MU OFEEIX, MLC OIRFHE|
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Table 3. Average discrepancy between measured and calculated doses in single beam.

(a) Inside/penumbra region

Depth Fixed Variable MLC (%)
Field size (mm)
(mm) collimator (%) collimator (%) Crossline Inline
7.5(7.6 x1.5) 0.03 0.03 4.33 2.38
12.5 (12.6 x 12.5) 0.03 0.01 2.04 0.61
P 30.0 (32.6 x 32.5) 0.05 0.05 1.01 0.53
60.0 (62.6 x 62.5) 0.03 0.02 0.57 0.30
7.5(7.6 x1.5) 0.05 0.02 3.56 2.10
12.5 (12.6 x 12.5) 0.03 0.02 1.66 0.76
100 30.0 (32.6 x 32.5) 0.04 0.04 0.89 0.61
60.0 (62.6 x 62.5) 0.04 0.02 0.57 0.42
(b) Outside region
Depth Fixed Variable MLC (%)
Field size (mm)
(mm) collimator (%) collimator (%) Crossline Inline
7.5(7.6 x17.5) 0.08 0.06 0.14 0.33
12.5 (12.6 x 12.5) 0.04 0.07 0.11 0.32
P 30.0 (32.6 x 32.5) 0.01 0.01 0.11 0.02
60.0 (62.6 x 62.5) 0.04 0.02 0.16 0.28
7.5 (7.6 x17.5) 0.02 0.03 0.10 0.28
12.5 (12.6 x 12.5) 0.03 0.01 0.11 0.26
109 30.0 (32.6 x 32.5) 0.03 0.02 0.14 0.11
60.0 (62.6 x 62.5) 0.06 0.00 0.17 0.18

The field sizes are represented as diameters for the fixed and variable collimators (outside the

parentheses) and as dimensions in the X and Y directions for the MLC (inside the parentheses).
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Table 4. Measured and calculated penumbra widths for rectangular fields formed by multileaf

collimator.
Penumbra width (mm)
(c) Shifted 30 mm (b) Shifted 30 mm
(a) Centered
in the -X direction in the +X direction
Measurement Calculation Measurement Calculation Measurement Calculation
-X side 4.1 4.2 3.7 3.9 4.0 3.8
+X side 4.1 3.8 3.7 4.0 4.0 4.2
Penumbra width (mm)
(f) Shifted 30 mm (e) Shifted 30 mm
(d) Centered
in the -Y direction in the +Y direction
Measurement Calculation Measurement Calculation Measurement Calculation

-Y side 3.4 4.1 3.6 3.8 33 3.7
+Y side 39 3.7 4.0 3.8 4.1 4.1

In this table, the symbols of the radiation fields, expressed in the alphabet, correspond to the ones in

the figure 4.

Table 5. Parameters of plans developed using each type of collimator.
Estimated treatment

Collimator Number of beams Total MU (103)
time (min)
Fixed 177 +31 36.2+2.8 46+ 4
Variable 187 + 34 4 36.4+23 ok 40+3 ok
MLC 127 £ 35 :|* 263+3.0 i|* 32i4:|*

In this table, * indicates that there is a significant difference between the variable collimator and

MLC results. Likewise, ** indicates that there is a significant difference between the fixed
g

collimator and MLC results
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BWTC, (kO a Y A—=%X 0 8 27% D7 2oz, SHIZ, MLC 2 L7165
(23T D HHEETRRREIL, BE= Y A —F L T31%, AlZEal A—& Lkl
T20%HL 2D BB E R oTe, KFETHLELTZZND 3 DD/RTF A—FF T
IZBNWT, 2 A—% L L TMLC Z3IR L72IBRETEIE, ko) A—& &g LTt
MR A EENBIE SN,

F7o, MFELHNIEA A SBRT OIRFGHIN LG ONT-EnEnd =Y A —% D DVH
DR EFEIEZ Table 6 (2R3, AMFATHEMALIZ3EEOED Y A—X 2T L TH, Sk
ITFREBNCB W ORI ER 22T 2 EIXEThH o 7o, HEMED 50%% %1
THRHEOEIS 2 RIIRETH DD V50%IZB LT, MLC OB E CIEpko=a U A
—Z M LGB & IENT, R 30% DR &2, BRSO ARRENEL TY
7o =07, MOBEIRIEICE L TIE, MEHFRICHERENZLONIZ DT oT2,

3-3-2. HBF QA

BEQAILKIT D7 4 N L%k HWIZHEESAIRIEICOWT, 7 /L A AW HENZh D
o= OfERAZ 2 ) A—2 T L Ofit 7 & LT Figure 8 (a) — ()", AWTIHIICHH
ALTET A VBB DT~ TR ARE, BE=Z Y A—H T 974%£2.4%, AIE =Y A
— 4T 98.4% % 1.2%, MLC T 96.5% +2.7% Ch o7z, [FERIC, FRBrmICFFA L7 11
D X DN RIE, EE U A—4 T 99.5%+0.5%, A=Y X —4% T 99.7% + 0.4%,
MLC T 97.1% +2.0% Cd > 7=, HHZIZ, FREIEICHA L7 1 L A OMHTRERIE, EE
Y A—HT98.0%+22%, A=Y A—4T987%=+1.2%, MLC T 952%+2.8%Cdh >
Too Fio, WEHENTEAT o TRER, BAWIHEIZ 7 4 v DB LT T o~ T S AT,

Table 6. Parameters of DVHs corresponding to plans developed using each type of collimator.

; Femoral
Coverage Prescribed Rectum (%) Bladder (%)
Collimator isodose line head (%)
(%)
(%) V50% V100% V50% V100% V40%
Fixed 95.0+0.2 82.5+£2.1 28.8+10.6 15+0.8 249+74 23+14

Variable 951+05 83.6+3.2 31.3£109 12+£07 257+ 7.8] wx 22+14

MLC 954+05 824+25 292+10.0 14+£08 174+7.6 23+1.3

In this table, * indicates that there is a significant difference between the variable collimator and
MLC results. Likewise, ** indicates that there is a significant difference between fixed collimator

and MLC results. n/a = not applicable
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Figure 8. Boxplots of gamma-index passing rates in the (a) axial, (b) sagittal, and (c) coronal planes.
In this figure, * indicates that there is a significant difference between the variable collimator and
MLC results. Likewise, ** indicates that there is a significant difference between the fixed

collimator and MLC results.
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Y A—=HMICBWTHERETA DN o7 (p=0.23), L22LARRG, KiKkWim
IZHBNT, MLC DFFR LMD A Y A =2 DFEREDHWIZITHERERA LD BN (p<
0.05), JEARWTIHI ICFUVNT, MLC OFERIE, AIEa Y A =2 DR L DHWEIZBNTDR

BRENAED DI, —FH T, RFRIZBWTEHH L7z 3% LPDD/2 mm DTA & 3
Wz b OH U~ T, T X TORHERRICR L T/RAFEN 90%E D b REVWERTH
>7,

WIZ, BE QA DEBEFEMEFH & F W I MR R EARGEIC K - TR S L2 JEME & 3R E O
FEDOREZ ) A—2 Z LIt 7ML LT Figure 9 (2R d, JIEMHE & HREEOEL =
YA=Z LB LRGSR, BE=a Y A—F T 11% £ 1.2%, AIE =2 Y A —X TiE-0.5%
+0.9%, MLC TIE-0.5% + 0.5% Tdb o7z, ABFIETIT - 2T X TOMIREMRIEIZ BT,
BEM & FHRMEOFIED 3% 4 B2 2 bDIFA LD LN oTc, LnLnD, FE=Y
A—HZDFEFR LMD T ) A—=ZDFER L DH WL, HHFZRCHEBERENRLNT (p
<0.05),
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Figure 9. Differences between doses measured using ionization chamber and calculated doses for
each collimator type. In this figure, * indicates that there is a significant difference between the fixed
collimator and variable collimator results. Likewise, ** indicates that there is a significant difference

between the fixed collimator and MLC results.
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4. BE
4-1. FURBIGRRIIM 2381 DRI O RFEZE L

HINZAR ORESREHIC 31T 5 HEMEIC DWW T, AFEORKEE, RENEBNILH RAE T 4.0%
Thofc, FATHIETIE, AINZIRE K OUEZEOREHTH ORENEEIL, FEIET 5% (1.5~
9%) THY, AFEOFRREERE Bl TN RN\, BEMEICONWTIERYTHS
oI L, BRI A FEhE L 72 [33],

Sanguineti 5%, AR AATKTT D 3 T FAR I BB O F Iz, RIFRICHIT 5
FLHIMEE A 2 T D N R IE O BREA D b U BRIR R O BR AR £ TOMIRM A EWERIZEB W T,
RISEARARFE DS 14.2%B00 425 2 & 28 LTV A[15], [, Onal 5%, AN WFEEDR
B O T RRIBIR O BIAA £ COMM B VEEC B W, BN ARATED 14.1%B0 325 & LT
WB[16], ABFZETIE, EAHERICEOTYH, TORARIT 7.8%, HEAHEI 2.2 cm® O
ThU, /JFoNTEPRIIENS DEITHR LR L T/haWnWb D Th o7, £z, HHl)
[ d K ONRWIRIEE CIE, ARBFEICIT 2 B BIER I b 48 L CoRdRIxZzh 2,
20% (03cem’) , 1.7% (0.2cm’) Th otz BARITIATHIZ & Ll L TNE o 7278,
PO UAETE D BRAR D B U BRIB IR O B4R £ TOMIM A OEETIE, BINZARARE OB 2
K&, ROBETIEZ OB EI /NS < 72 D[RO R 23 A 5 4072 [13],

E72, BSBIBEEHE O 729D O CT #Rf i O FA RIS IRERE, FATHIJEIC BN T
Sanguineti b DG TIE 45.2 cm’, Onal b OHE T 60.3 cm® TH 5 —J[15, 16], AT
I, AEHIEEICHV T 229 cm® T o 77, Langenhuijsen HIE, PAMWFRIE AT 9 BIOHISL
BRBFED K EZWEE (>60cc) IZBWT, IMEWEE (260cc) &L TRDENRKE N
EERLTWND[14], AR TR E LICHARNIL, FOKFEEO AL &g LT, Jux iz
BRSNS WD EAURIBEINTEY, ZHICE D BHARANIIBW TN IRER X OSHRIG
PR X DRINIBRMATE ORI N E oo EHER SN D,

AR TR BBV ENRRENHTH > ZEMHICIW TS, ORI, BRRIGHR
FHE A CT %W 2> & 36 [B] B O SEHRIAFRIF £ TOWIRT, 22em’ TH Y, AISLIRSERTE
ThHhoHEWRETDHE, TOEEITERE 1 mm FREDOEMITHY T 5, SRR E LB
MIGFIL, BST% 37[H175 IMRT TH Y, ZOIRBHFEO T RIEILSS H Thotz, £D
7o, FRHHEIEAS S [EFRETH DH L SiDH SBRT T, TORBEEITEHIT/NEL D
FIREMED @ <, BRI GEIC G 2 D ELIRENTHD B2 DD,

4-2. ENEHRIBEERA S AT BT S5~ ALF ) —T7a ) A—20F At
ER BRI v a = 72BN C, ERNOLHEETIEE2 Y A—FB LW

AR A—=Z LG LT, A =T A TITHICFEE SN2 MLC 12 &> TR L7
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FEFOREME & FHEMHOHEITIRE RFBERTH L Z ERARFRICBNTRBEINTZ, 1
5ORFE LTI, MLC OV — 7 A7 & O FHRMSO U RGBT B E N O B — AT T
VU TREEICEDZ EMBEZXBINS, Firweger H i, AL THEHA LA N—F 17 &
[ 2 L C MLC @ U — 7 IR (2 RS B2 4 314l L T4 Y, Bayouth test % 2 L 75 R,
0.5mm U FThHhoTeZ Ea@RELTWAH[24], £/, ALY A —2 OO A XHBLE
(2B L C, SAD800 mm (ZHW\C 02 mm LA FIZ72 2 X Ha#Ft &SN TH 0 [34], £-EE=Y
A—=FITHRHBTOREIZEZLHBICE, 2V A—2AEKZHIOLDIZRYEFEZ D729,
AT OFIMEICBNTEEWVEEZAEL TV EBZx 065, £, AFEIZBNT,
MLC (2 & > THE L 7= U B 0 OCR IZE 1T 2 MIEE & 3R OMIEN 3% 2 2 2R D
HY, MLCTEROZE A2 G E—LTT UV ORENERNBFEET I 2 A—=FITk
FlenwZ R ahi, MEaY A—FB LWL ) A—XIZ L5 RHEHIFIE, B—2A
A ol & L7 B2 M S L < IZBREI 22 [ L 372 2 L3 TE 20 A%, MLC I
E— 2N OB 2T 5 Z ENAIEETH Y, [LEOIROBHET LR TH 5,
ZD=, FEFHET L TY XA MLC LEE2Y A—FZBLOAZEa ) A—4% L Tl
STW5 EEZHID, Sohn BT, HFERN/NIWGE, PREEHOBRESMICBWNTT
VHIa Iy I T A NAIEDUEBEARY A AN E— MBI DA E OB
WEICHBRZERNIET 5 2 L 285 LTV H[35], & 6I2, BEHRIGHRAE#EE > MLC
IBIFAE—AET U UTE, MLC OV —7BE)FIICEATR7 0 2T A > J50R, HwER
A T4 VI, ZORAFED 450 OCR DRET —FnbLEMINTEY, LEOE
KOG T 2 BiE T & 5 MLC O &R T, HEICHENMTOID Z L1tk D [36],
NHEDOZENRE—LET VT ORFEICEREL KT LIARRENRE 2 DND,

7z, PEHEBIEORFHICOWTELE T 5, MLCIZBWTY — 7 imiic k> THo< 5
2% X GO aEig OREMIT, v— 2@ Oofhr 37 mm) KV b L2 EERIC
BOWTREW (4.041mm) #RTH-o72, —7F, V—7OMHEICE>THIbND Y T
7] D 52 SRR O E BT, -Y IR0 b+Y MITREL RDBEMB AR SN, T OIEFRME
X, V=7 MERLTWD Z EITERT S LB DN D[24], AWFIETH L ZRIE
EOFRERIL, Firweger HIZ X > THE SN TV DR L REOME TH - 72[24], X HIZ,
MLC (BT, X J 1A O AEmE OB EME & st R OMEL, B/ NS o720 Uk
K03mm), Y HRIOHEZZNEY b REREL o7 (HRKO0Tmm), LALRRDL,
FEE2 ) A—=2BLOAEa ) 2—2281F 2 HEM L FHARME & OFEE, 0.1 mm (2L E
S>TED, MW—EMERMR I, 2 OREMORERIT, AT & REROME R %
RLTWDT0H[24,34], Z ZIZBWTH MLC (IZRBT 2 dHiaEstEEEO e — LT U
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VIREEDRERD 2 Y A= TR ATV WATREME DN ® 5, 72, P HEIEO MG T &
HIVIAHED, AR L7 OCR DMEL R L TV I ENRBEZHND,

AINZAR2S Ay SBRT D ESHRIGHEFIEICB W T, Yo A—X 28R L TH King 12X
S TRENTZBMERP A9 Z LIXATRETH - 72[3], ¥ MU EIZE LT, MLC Zfiz
RREHENT, ERDOFET DEETY A—FBIOAE Y A= L0 5 27% D720
R Loz, MAT, HEEBRREMICHE T 22 ) A—2 2T L OEEEIZOWT, MLC O
IBFETHENL, BE=2) A—2X0H31% (1443), AIZE= ) A—2L10H 20% (847) Fi<
0D 2 ENIH BN E 72572, Kithriarachchi 5 1%, AKUFE L RO Y A N—F 1 72BN,
RINZIRZS AU SBRT 2% L T MLC Z#fiWVWAH Z & T, AIEa ) A—X LW L C, ¥ MU fa%
42%, HEEIRRIFHZ 36%IA 75 2 &N TEH EHE L TWVW5H[23], & HIZ, McGuinness
5%, MLC OIRFEEHINIE, FE = U A — % OIEHEFHE & g LT, FEJ# MU i Tl 40%,
TEFRIRERE T 50%I8 6§ 2 E N TE 5 LR R TN 5H[22], AEFFEIZIBWV TS [FEEROHME
MEALNIZb DD, ZORADRE L THKT 5 LEDRDOEITHEL D /NS WHIRTH
oSl LnL2RNBG, ZD OB EIE, MLC OIEFGE & T 20EkDa ) 2 —2 0
TEFEEHENC BIRTFT D720, WIEICHEET 2 Z 2138 LV, 12 1E, McGuinness & O # 4
IZBWT, MEa ) A—=ZIZX > TR S NGO T4 MU fE1E 39.7X10° MU Tdh -
c— T EET Y A—F E VTSR L AR OIRFRFE Tl 36.2X10° MU Th 72,
KRB NT, EEaY A—=FBIOAZEa Y A—ZZ HWIZIREEET, LY KR&ER
MU iz & S 725t 2 5T 5 Z LI X » T, MLC ORI 1T D 134 B 0
27%% LRI D ATREMED B D

AHFFE TR L 7= DVH O ESFEIZIVT, MLC TYE L2 E chia Y 2 —#
OIEFEFHE & ORI FZICH B R ZENA L O LNTZDIIEED V50%D A THh -7, 15
HAVIZAE R & RO 23 EATHFZE TH S S TR Y, MLC OIRFEEHE CTIIB o —fik
b U 7= %5445 —#E & (generalized equivalent uniform dose) ZfidD =) A —% L0 HK< TX
DLWV MEND DH[22,23], —HT, LTI L FERIC, EREHRETIIaY A—ZBTH
BENADLNDOIMERIEIZA LD NPT, FAN—F A TDOU—7 AX—R1F, I
B O BF I3 LTI 2 BIERNC T TER - TR Y, HM L BET 5 2 L i35mm
RR AT H[24], Tz, BHELRIPROEERICK L TH RN LBE 2 TE 2 MLC
ZEMT 52 LICE o TE—2 BB LU MU ENMER S, £ 2 & DMRE SR HTL R
DOIEMNZ & DEEME N Z T DREOIHENC DR T2 B2 BND, LNLARRL, EHEE
ARG IR OFER T do DRI & KEICB W GEEL TR Y, E2RE & i L Clrim
BOHBA/ NS We), a ) A—ZOFEHEHEZZE L THEEREIITDOTNREE LN
ES N2 ERHEREIN D,
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RISEIRZS A SBRT DA /S —FA 7 OIRPFRETENZ 31T 5 MLC DI, AHFFETHRETL
FHBICELT, AHTHLZERH L E 257, FFIT, E— 2500 MU E, HER
BRI AEICHEA L, 20 ECHRESMIIERO Y A —2 LFE%S LIXENL Lo
bDENETDH I LN TEIZ, MLC T X 2 8MER B OROBIE, RIS L TRIRN 2
R ZFREE Lz, ThICLY, E—ABIOMU b L, K2R R HE R o FEiE
IZoRN ol bBEZBND, ZNHOFAIL, BEAMOBBICHL L, IWETEHEHE
BEBWENSELLThHEEXLND,

RIT, BFE QA ITOWTDOBLREZAT I, AL TIT o I ES M MEEIC T, MLC (3,
TANDE RN o~ TS ZARIZEA LT, kO a ) A =2 2 RIFRWiER & o7z,
RO ER 2B BTFO I v v a = 728V TH MLC OFERIL, tko=a ) A —%
L0 HHEM EFHREMO—BMEMELS, 202 EBNEE QA DRERIZHEEL RIT LI L&
ZHND, LLRNG, HU~ir AL, T XTORIEIZEBWVT 90%% 8 2 5 it F
Tholz, Ezzell L OWMEIZLIUE, VAT T 7 4 v 7 40 A% 07z IMRT 2P KRGE
(2331 B0 BV 39% LPDD/3 mm DTA O H ¥ < fEHTFE R DA A L~UL 13 88%-90% T d 5
EENTND[26], I HIZ, Zeidan HIX, BINZAR S Bl% & e 10 fEFIO IMRT (IZXF L, T
FormIvr 7 4V AEHEHALT, HEREH 3 mm LPDD/3 mm DTA % b - 72 7 ~ fif#ir &
Tole, ZORER, T ~<ITIZBIT D SAFIE, 87% 8% Th o 7o & i L TW\WAH[37],
KRG TR LN T o~ RN R AROFRERIL, TXTI0%EHEZ TWDHIZ &9 6 IMRT &
ML L7CBRIZIE, BIRERAFRETH DL EHFZ2OND, LLAR2S 5, SBRT TIXHHF
BRE L ADRL ez, | BIOREBRENKREREEZRIETBENRH Y, IMRT &
[FAE DRRGEIEE TR L TR WD S0 E 72 5 Ty,

BRI R 2 I T2 B 0 BB QA IC W T, HIEME & FHEEOMEIE, T To
HEIZBWT3%UNTH 72, LnLens, BEEaY A—F2OfR Mozl A—20
FERLDBWIEICHBERZENH DI, A BIEHEHRLEE 23\ CERFER R R E OIE
RRENIC R E R AR E L TR Wi 4 LTV 22y, Kurosu H 1T K - T
BENTWDEEREEOH HBEREEZBT D ETLPRMRBRIEDT X /RS S
5[38], AMFIETIL, EE =Y A—F OIGREIH A LEZT DRI, BIRTEHRAROaY A
—H YA RO a ) A =2 L0 /NS RE Lo, EREFRECHIE L7z PTV ©
ML T, NS RBHITFSN DL ERD Z & TR RS E OB AN A LT
WEFTREME S B X DILDH[39-41], ZOHMBICEY, HE2 Y A—F&2HEH LZREICS D
T, BERERES Oy NT v 727 =MD a ) A= L0 H K& HERICEEL TV
ToRREtEDN B 5

Flo, XX —HbHAR-EONER EE{ToTEY, MLC DY —LET U 7 ORENR
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ARBFFETIL, B QA DOFRREN MR ICHER D O — AT STV D 0~ il & H
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