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The Study on Over-Centerable Multi-Axial Conformation
Radiotherapy for Prostatic Carcinoma
—Analysis of the Dose Distribution by Volume-Dose Histogram-—
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Department of Radiology, Saitama Medical Center, Saitama Medical School
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The over-centerable multi-axial conformation radiotherapy was studied for stage C carcinoma of
the prostate and the dose distribution obtained by this method was compared with those of other
radiation methods.

It is clinically important to reduce volume irradiated to normal tissues as the radiation damage
depends not only on the extent of overdose but also on the amount of the overdosed volume and for the
analysis of dose distribution, the volume-dose histogram is an useful method. Using newly developed
software of computer for radiation treatment planning system (CMS, Modulex), we studied the
volume-dose histogram in the conformation radiotherapy of prostatic carcinoma.

With regard to the volume-dose histogram, the conformation technique showed better dose
distribution than other conventional methods. In two-axial conformation technique with over-
centerable multi-leaf collimators, although that was slightly inferior in the dose homogeneity in the
lesion, the doses irradiated to rectum and bladder were lowest.

In conclusion, our conformation technique is the most suitable method for delivering better dose
distribution to the carcinoma of the prostate with minimum dose to rectum and bladder.
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HEBCBE L CEREEe 2 1 77 & (Volume-
dose histogram, LLF VDH &3 % BTl
DREE L OHERITV, kb BIFAZERNEE
AR L,

BREFE

X EIEFIE stage C BiiZiEE© (Fig. 1), 4%
FHEEIOMV Y =7 » 7 X B TaER, w29
40Gy 1chn 2T, BIZBRCsF 4 FIRE, mM120°
ElERfE S 35 X ORIRB S T4« 30Gy, E70Gy iR
H U6 % PhBke Rt L7,

V=7 v 72X NECI8DP (RiL&Eta V) £ —4
2R L, HEFE I CMS(Computer Medi-
cal System) fHELUEEETE > 2 7 & Modulex Iz
Lo TfTote, &7 VDH oW TR EHIE A A
v 2 -DREFERIBS VI ARH W, £
CTAZ4 A LDOFHEAIZ63X635 L, VDH ©
E=1Y) v 2 ADKEZLCT A5 1 AElem
T0.5X0.5X1.0cm TH 5,

% R

2 E#A0GY BHOBES M % Fig. 2 w5 T,
BIAZAR s X OVERR « BERE 13 W7 140Gy B & =
NTW%, Zhizhz T 3#EEOBHETHIE
230Gy B2 Th 22, FTFELBHER
BRI X OEE - BfoBHER K
Tk,

*tE 4 F9 (4 opposite fields) @ BSEF (AP
8x8cm, F£AFITX8cm & Lic, #HESH% Fig.
JIRT., ZoOBERENIEESTOE L box
DB LIS,

*$1E 4 PB4t VDH % Fig. 4 1R, ki
A (cm®), HiEciEE Gad) 22 v, &5l
H, IZBrk EBYE, ENxBoRhg s
7 7 THEPLIE,

S THRENORBESEY, LTRRT LS
CREATH ERME (Z = T3 iso-center DFR
EEDNY%) iz 5EWROBEE, *OHREE
M 2BEBOBEMO LK TEL LI,

READOREEFE
_MEATHEREE 2 5 HERO B
1R AE 2 B2 5 A O S
Tibb, Tk
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HISZRRARIC % 3% MR L {4 A 4

_ MEA0% R B
T % HEEN

(Integral volume dose ratio more than 90%
dose)
Lits,

IRRFES L CRERSG (ZOBE RIS
X OER - BERE) bt 5 ESHE, BB
fH{E (Z = T3 iso-center DI EEDE0%) Ak
2 HEWMBOBE LT OWBOLAE CH -1z
H, 2¥ )V BREHREBLLEOBFERE LTRDL,

FhEEE w2 REFTE

(REREL Lo BRR)

_ BEBROEEOREMEL B2 5 5K
T DO &AM
Tithb, Tk
_ &3 080% 5 B AH
X ORHBOLBR

(Volume rate more than 80% dose)

Lits,

ZTREFRAhOBAES Fig. 1R Lk
CTAZARAIKMDAEFERLT, BEELY1Gy,
BHEFOE X %2cm & LTHEL, £BHEEMD
B 1T - TR, HEA~OREESE L VDH
®#Fie (INT. VOLUME DOSE RATIO %
MORE THAN 90RADS), %430 8E
WEMELL EOBBEE S L, fiRohigs 5
7O&FEOB LG LIzEBTRERS (VOL-
UME RATE 1. %, . MORE THAN 80
RADS), LI'F® VDH Th REETH 5,

SHICREAREDHERZ RO S, T
i>%H VDH &0 SD. GRAEAFECERFEE) »
MEAN (A OFH555) TEl- 7B s L1z,

FHEARBOHEMN

(Homogeneity in tumor volume)

_S.D. GREAREOEIERE)
~ MEAN GREHOFHiRED

Lichio THIM 4 F9T1 Fig. 4 K RT X 51,
HWRAORBEDEIX50.3%, I, BEES
OB OS0%MEMMU EoBBRIFhFh
100%, 28.2%, 27.8% &ich. ¥ fRENEED
WEHERL.3%TH B,
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120" EHERR S (bilateral 120° arc rotation,
240° arc) OBHEF O K & XXM & $7X8cm &
L, TOMESM#% Fig. 5 3. A¥kwv L
REFARORESME IR > TV B,

VDH (Fig. 6) %% 5% LBIVREELTHOR
I 4 PR & AR @ s Lo Th 5 53,
H (B A—HkollicER-T\5, & (B
BE) OXBHERERICEY 5T\ 5, BRE
FEE(R55.6% Txif 4 FI & RIEFRTH 5, 80%
WMEMEL EOBBERILANIIRTIS.5%, B, B
BEEE 7 h43.6%, 7.6 L %f1m 4 P& B L TiE
B~oRESEML, BioBRE FHICHED L
TWw b,

Wi GG OBFEE% 7, Fig. TR d
IORETHHRNIIRD X R CT Lom
DI % target volume & LT360°[ElEx & L7z,
Fig. 8 XX DRESMHTH 5. BIROTARICH
ROECRESMLE > TV 5,

VDH (Fig. 9) TlEKOBOILOE Ehie2{E
{TeoTWwd, REEFERT4.0%LH2HEL D
EALTW22, BZR, EE X OBEKDO80%
REELU EOBERINEM4FI L BERETS
5,

SHILZ ZT2HMFGRHATEER L, 2
HhIE AR PR S & 1%, Fig. 101cR3 X 5ic, target
volume 2%} L T 2 2D{E® target volume % 5%
EL, ThFhoR target volume 2% L TH &
BT, TORESMHOMELTH LD LD
target volume ORICH - I B”SMEB/ L 5
WS DTHBY, Zo 2 BFEERBH (2 axial
conformation beam, 2axCB) =% LT, Hficyk
NGB ORERE Y 1 #8FEAERSH (1 axial con-
formation beam, 1axCB) & M.,

Z DFEFID2axCB TIx, Fig. 10 2 Z & < #1
cm DEE A 35\~ T 2 2D{R D target volume %
BIE LT, £hLXho iso-center (XETZIRE D,
C—HIRTHY, chrhbiLTEEFRFE
H180"FOFERE 2T\, H51360°E LS, =
k=) 2 =2 0ROESSEIE D #IEFE2#E 2
TIEBh e 5 (overrun) = LIC X W A[RE L e B &
DTHDH. MESALFig. 110k 5cind, HF
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Table 1 Applied criteria for the evaluation of
the treatment techniques in which irradiates the
prostate. (on the center slice of CT images)

) confg;mation
. S 4 oppos. 2407 arc am
Method of irradiation fields  rotation

1 axial 2 axial

Int. volume dose ratio
more than 90 rads (%)

Volume rate
more than 80 rads (%)

(1) tumor
(2) rectum
(3) bladder

Homogeneity
in tumor volume (%)

50.3 55.6 74.0 80.9

100
28.2
27.8

1.3

98.5
43.6
7.6

4.7

100
28.9
23.6

2.1

100
2.6
18.1

9.2

SAAFHNIBOWMRCIRE A E—B LT\ 5,

ZoHE&o VDH (Fig. 12) CTRAEOBIIEE
B CECLE L), FPRORLIBEALE
o Tin, MEEPEI280.9% T1axCB & b
EHEEALTEY, FEB~OBENEH
WA LTw5, BENOKEEML20 @E & X
4795 5\ i21axCB & OB DET, HEAFE
DEFERT. 2B EEL D PPE - T 5B,

BEoiER, Tibb&RBARRckT 2REA
DREEPE, FEEHOS0%HEME EOBH
ERIVHREAREOHEW T 55 EEY
Table 1 iwiRd, FRHELYHET5 &, BHRAR
BOBHEHICOWTELT LS REERHEE &
RE 2D, FE~OREBEFECREEABH
HMERTWB, —F, EE - BoBEck\ T
3412 2axCB T A, CHIZERH 5\ ILEE
Pt & BB T HBMEOSORRE D HLERT
HY, EEOHBEERTSDOTIER,

% ZCREROBERIEICE » T, 2B 840Gy
R, FBHEC X - THIZERIZ0GY BH L
THEOEER X OBNORHERLHE L,
Tirbb, 2F#840Gy 83X UEBEEC L 5H]
Y IR30Gy BaHic s\ T, Bl WiCT 1 £ —
2 (Fig. 1) #FLASFA A ETAHTRTOART
A ADWTHREFNCER F X OBl REEE
HHHEL, £A74 2A0FHERDL., fhoR
HELBHELTGY L, CTA 2 -2 1A54
ADEE®2cm & LTHE LR, £BHEC T
HEEBHEL R X CBEMNAR % Table 2,
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Fig. 1 Stage C carcinoma of the prostate, Fig, 2 Dose distribution for treatment plan with
10MV photons delivering 406Gy to the whole
pelvis through AP and PA port.

't DOSE SPECTRLM XX UOLUME RATE

,l\
v

200 RADS

Fig. 3 Dose distribution for treatment plan using Fig. 4 Volume-dose histogram obtained by analiz-
a 4-field portal arrangement. ing the dose distribution in Fig. 3.

UDLUME RATE

Fig. 5 Dose distribution for treatment plan using Fig. 6 Volume-dose histogram obtained by analiz-
bilateral 120" arc rotation. ing the dose distribution in Fig. 5.
[ 58) BREESE 408 HI0E
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Fig. 7 Shape of the treated region as the target Fig. 8 Dose distribution for treatment plan in a
volume in a one-axial conformation technique, one-axial conformation technique,

VOLUNE it DOSE SPECTRUM =X ULLUHE RATE

25.0

A
i

| ! |
< W

Fig. 9 Volume-dose histogram obtained by analiz- Fig. 10 The tentative target volume planned in a
ing the dose distribution in Fig. 8. two-axial conformation technigue.

% DOSE SPECTRUM 13 JOLUME RATE
! o0 %

Fig. 11 Dose distribution for treatment plan in a Fig. 12 Volume.dose histogram obtained by anal-
two-axial conformation technique. izing the dose distribution in Fig. 11.

ERTTEIOAZSHE (59)
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Table 2 The relations between dose and accumulated volume of the rectum

Method  100% 90

80

70

60

50

40

30

20 10

ofirr. 710Gy 63 56 49 42 35 28 21 14 7  Total
4 oppos 43 64 T4 83 93 110 145 145cm?
240" arc 43 78 88 95 102 114 126 138 145 145
1axCB 43 52 60 67 82 104 131 144 144
2axCB 43 50 50 54 61 72 95 129 144 144

Table 3 The relations between dose and accumulated volume of the bladder

Method  100% 90

80

70

60

50

40

30

20 10

ofirr.  70Gy 63 56 49 42 35 28 21 14 7  Total
4 oppos 84 146 165 175 184 211 222 222cm?®
2407 arc 84 126 143 151 157 169 174 187 202 212 215
1ax CB 84 113 127 136 146 163 187 212 220 220
2 ax CB 84 113 127 133 140 151 167 195 217 217
ﬂCClII]\lllu[(!l] i'f"'illﬂllli”(‘ll
volume of volume of
rectum |:Emldsut'
(em®) {em?)
. + 4 oppos. i |
150 A 240" arc 200
o 1 ax C.B.
® 2 ax C.B. //
150+
100+ ’
100k + 4 oppos.
A 240° are
0= 0 1 ax C.B.
® 2 ax C.B.
50F
70 56 12 28 11 0
dose {Gy) 7086 42 5814 0
Fig. 13 Comparison of the relations between dose dose (Gy)
and accumulated vo!ume of the rectum in each of Fig. 14 Comparison of the relations between dose
the treatment techniques. and accumulated volume of the bladder in each
of the treatment techniques.
Table 4 Applied criteria for the evaluation of
the treatment techniques in which irradiates the Table 3 ICRT. ch® 75 7ic LT ERBHER
prostate. (on all slices of CT images) P L .
O E AT 5o b DA, Fig. 13, Fig. 14 TH 5.
conformation " -+ — - ~
Method of irradiation 4 2 v 241 aic beam FlThThoOBHHEOE AT A ATHIz5iHE
elds rotation = -
1axial 2 axial SRk EE L, Table 1 LFAUHEBAK2OWTE &
Volume rate ﬁ‘oﬁ%ﬁ‘ﬁ bhic,
more than 2400 rads (%)
(1) tumor 100 99.3 96.7 95.1 # g
(2) rectum 27.0 41.5 25.6 5.3 FARRBHE T EEO BRI EE U TSRO
(3) bladder 37.6  18.1 13.4 12.2 X N L
Homogeneity 0.9 2.8 4.0 10.5 %ﬁ%g{té“ﬂ‘é Ziikh ’ %ﬁﬁﬁ%ﬁ%@
in tumor volume (%) R : ' SAETRC T R —K S8, frssoMEO
(60) HAERSE #4908 F105
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IEH D BIRE X D T { T 585 /e 0 R 5
HBThD, FOFBEILEERIC= V2 —2 —%F]
A¥szEicdy, AEERCR T, EFAZ L
Wi bl LR RRBH O &V REZ E2TE,
EBEBOBRREYBRHITTVI DX 5 icinotc?,
BIYZARIE O M AHS BRI B W C kBT A E I,
Bt ERYE 252 Efnl, WHCHIZRICR
BREYRET 20N KERMBEE RS2, 20
BCRGARBIEIEALHETHH EEBbR, &
v D%\ B LR BH O E R D iE D
SNBEEDO—DOTH B,

— R R A B TEIC 3 T, RBIT L
TH—EHRERYEE L, »oRERIOER
HEOBBEAB/NRIZE Vo ABHEY BIRT S
ENERZh, TOHENKE G ELBEDE
DHIRFTE S, HREVNLEETEOEE/L & B
DDA CHDEMYE LTRICFET 720
GUHRREL, BETEOES D 5\ XES 0¥
EEHEEL LT, BERICHT 5 oD it
EIZHEHALTWS, Thbb,

(1) Target region HOfREOHEMIL, Fo
region N D FEHHED 5 ~10%LIATH D = &,

(2) A& A D Target region HieHh 5 =
&,

(3) BKIRERX100% & L =B D80~90% 4%
FIES, Target region DT XTEEL, HOFD
I D Target region A0 @A RN TH B
&,

@) &< CHHBREZHOBVIEEEBRA OB
BB RELT S &,

5) WEFABEOEHEBOhT, WEAKEL L
R HBBOEEY, EAEELYERTSE
EREL I &,

(6) £ZMWMRED, BEO—BREBES Y
BhYHlcz2bl3ERKE W&,

(7 WHBEEHED, BANCTE 50 b ST,
BHICETETHHZ &,

COFTHRIC (1) DRENREDOHEMEL (3)
DR L% MR L O—FtE, TibbREA
DREBEFED B CIFHFRO%REMEL Lo
ERALSIFEC L ) AR KEE LTRE X

SRV A25H

(61)
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h, BEFrEMOLE: Y TARCERTH S, =
DFTREDOER & 7o b 02 HRE & BHEROBFE Y
RTZ57C, FEARZ T2 (F—R » 2
7 + 7 &, dose spectrum) H B\ XA E € 2
b7 7 & (volume dose histogram) &I hC
WA, APNBENRI9TIE ISR 3 B N e i
RORBEHMERITHME 5\ IXFE & ORIE
%, BECZzORENEDLEHE KDL Z &
X > TREOFIF ORE & 755 RO FH &%
DEEFLEOBRELHHTL, &0 dose spectrum
EVWIHIHEERBENATO—SOMITFRE LTI
BL, o, CT A 4-—-okBEHEH=2 v
Ea—2—REXELT, ZhCEESHPELRE
b, FEBIVCHBEEEEMCBHIL S EE
EXTDOBEIBHEIAL-BELOBEY = v
Ea-g—-TRDBL L ISTHELI S vol
ume dose histogram (VDH) #EA Xh T\ %,
ZZTCHWIEVDHO 7 r 75 83BN A €Y
2 —ORRIC L 5b DT, AEREDOBMNEEE
HEEFAMELT, ZOFusF AL 5BES
MO HE S h TV 599,

&M, D7 e 75 Aick - T stage CBIIZR
72 O HEFORER S R T 5 B85 % 55
L, BohHEBEEEN L, FipRko BN
EYE DRI, FOFRELE ST LT,

JFEAR RS DR B O TR T B iR R A TR
THHETHHZ L, REAOBREBETE» I
BTHZLiREoT, IVHLMRIRAT LS,
FRAROFHORE LI-FHD 5B (3) DR
LEREER L o—FMek\vTd, HIZED80%
R EOBHE L FINIR~ DR BIEDEL SR
ERHRZOFRMEERELHLL TS,

RicgktFo () & G) wBEETHREREO
E'S#HEBOBEER IO THRETT 5.

HISERRFE (LARE » ¥R BIfR (dose-response
relationship) 1IZ B8\ TIZFPZEEE L b o R{E iU
RIS MRES (tumor of limited sensitivity)
BB, BEFEIME T, Bk L BHEN
FBFD B I HATHIEE ORI X HEEIBI R A S
A B®, BISLRIE O BETHIEC I, BRI I
R L Tv-% (Disease Limited to Prostate)
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stage B TI3604: 570Gy, RFfE R (Extracap-
sular Extension) THE DK X\ stage C TIXT70
Gy LLESBREE ERBHY, TFhiZkWT 165
Gy 2B SHEDCHENE < 12510, FHHERE
IGRIBE-CEERE M A~ OREBL I X HEBIHPOHK
SHREEDE 2 A B B YWY, BIAERR & TE M, EBERE
& DI ERRL G Z R b ABHE &%
haZ il bhine, o CEEGERE -
EHEBERARE O, ThbbiaESRLY
RETHRIAERHAFEIOMENBERTS
b, BB - BMEE IR O REHREERIC S
I+ % dose limiting factor T#h 5 A%, HEfEIHIHE &
B4 & & b BHRER S RESM *Z1L
IRBC LRI VEFRDREYELS THZ 037
Bicien, SEIER L CREREGEFEICH
T, 1axCB OB 5% % 5 & RILR ORI 2
ehEVWEREEAEORATWAY, BEBRIV
R o R AR R A D 2 BEER 30 ) 4 PIRRSH & 130ER)
BRThHnH, ZOEMDL I ICHFEDOKE VB
FORITR L1-2axCB o FAVEH O & 5%
EEO-BHICT Ch, BCEBORENEHIC
BATH, LrLhibocwiEBOREL
X EDLBFTH T 5 EmRERO LT CH - TH
FRRRESPEEYEDL L TR v,
IENIREDAAOBTIC N —R « A2 } 5
LAHEALT, BREROFEOZIEEDFEHR
iz 0 Tikizl, RARCroFBIMET, B
FEORETREOKE I LAEROBEFRTHBLL
T 5, BINZBE O BB EFRIC S T, B
BEMOMAESD 5\ WERET HEEILORE, T
ThbEMPLEFRADORKIECFMEEOFEL D
BItRT %52, TOMHABEIAKEFEIhEZ
Lwin s, EFEBOMBHRE IRMYFERS
ChAESEEIRSEY, MEBHECEBIZS
W EESCERAYIZIE TD5/5 (2Gy 38 5 mIRHT, 5
FRICEIEF D 1 ~ 5 BICEELFEET HHE)
155Gy (100cm®)'2, & % W TEBO BB s\ T
TDF100(60Gy)*®, ERo TD5/51360Gy*? 7z L
S50Gy"EHE T h T35, chboBErSED
BEHED O RBEER 3 X OBMAR oS Ri1c4T
D5 &, BB oWTik2axCB T2 0O BHEE

(62)
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