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Optimum Treatment Method for Carcinoma of the Urinary Bladder

Yuzuru Kutsutani, Hiroshi Tsunemoto and Shigeo Furukawa
Division of’ Clinical Research, National Insitute of Radinlogical Sciences, 9-1,
Anagawa, 4-chome, Chiba-280, Japan
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Radiotherapy for carcinoma of the urinary bladder has ordinarily been carried out by a three-field
arrangement, which consisted of a single anterior port and two lateral-posterior ports angled at --120°
on both sides. However, 2 normal tissue damage was ohserved ocasionally in the hip of a patient because
of the relative long skin-tumor distance. In this study, an optimum radiotherapy technique was inves-
tigated to prevent such a radiation damage.

When a plain anterior field was combined with two wedge portals directed at --60° from the vertical,
an ideal dose distribution with a fewer integral dose was obtained. In this case, the wedge angles have
to be designed at 50°.  For example, the integral dose calculated in an elliptical phantom was estimated
to be 20-309%, less than that obtained by the conventional technique. It was also suggested in this case
that the integral dose for radiotherapy of 10 MV X-rays could be lowered by about 10%, than that for

Telecobalt therapy. The experimental and practical methods are discussed.
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Fig. 1 Dose gradient vector representation of the
interaction of a plain and two wedge fields
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Table 1. Relationships between the incident angle
(#) and wedge angle (¢) of both side fields in a
three-field bladder treatment to make dose dist-

ribution uniform in the treatment region

Incident angle Ved; .
¢ 7

30° 69.9°
45° 59.6°
60° 49.1°
752 38.2°
90° 26.6°
120° 0°
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Table 2. Mean dose and standard deviation in the treatment region of a three-field bladder
treatment using wedge filter for incident angle shown in Table 1

Telecobalt 10 MV X-rays

/] 6 X 6cm 8 X 8cm 9 X 9cm 10X 10cm 6 X 6cm 8 X 8¢cm 9 X 9c¢cm 10 < 10ecm.

3 fields | 3 fields 3 fields 3 fields 3 fields 3 fields 3 fields 3 fields
(6cmg) | (8cmg) (9 cmg) (10cmg) (6 cmg) (8 ¢mg) (9 cmg) (10cmg)
30° 101.14£2.1 | 100.8%2.9 | 103.9£3.4 [ 105.1424.1 | 99.5£2.6 | 101.1+2.9 | 100.6+2.8 101.133.0
45°| 99.3%£2.6 | 100.0£2.9 | 100.5+2.8 | 101.14-2.9 | 98.5+2.8 | 98.6+3.2 | 98.9+3.1 99.24:3.1
60° 98.6+3.0 | 98.9%3.2 | 99.3%+3.1 | 99.74:3.0 | 98.1+3.1 | 98.0+3.4 | 98.2+3.3 98.44:3.3
75°| 98.243.9 | 98.3%4.5 | 98.6+4.3 | 98.9%4.1| 97.844.0 | 97.6+4.6 | 97.84+4.4 | 98.044.2
90°| 98.1%4.5| 98.0%5.3 | 98.3+5.0 | 98.6144.8 | 97.7+4.6 | 97.4+5.4| 97.6+5.1 97.84:4.9
120°| 98.243.0 | 98.1+3.3 | 98.3+3.2 | 98.543.2 | 97.84+3.2 | 97.6+3.5| 07.7+3.5| 97.843.4

Table 3. Relative integral dose on a cross section through the central axis in a three-field bladder

treatment of 88 cm field size

Number in parentheses indicates the percentage for the integral dose of the incident angle of 120°

Telecobalt 10 MV X-rays
0

center lcmup | 3cm up | 5cm up center lcmup | 3ecm up | 5¢cm up

30° 97.4 91.3 80.2 70.5 87.8 84.2 77.3 70.9
‘ ( 89.0) [ C 76.8) | ( 68.4) | ( 94.1) | ( 88.6) | ( 81.4) | ( 76.2)

450 98.1 91.7 80.7 69.5 90.1 86.3 79.2 | 712
: ( 89.4) [ 77.3) | C 67.5) | C 96.6) | C 90.8) | ( 82.9) | ( 76.5)

60° 101.7 95.7 85.0 72.1 94.0 90.3 83.4 |  73.4
: ( 93.3) | C 81.4) | ( 70.0) | € 100.8) | ¢ 95.1) | ( 87.3) | ( 78.8)

750 107.2 102.1 89.0 75.9 99.0 95.8 86.3 | 75.9
: ( 99.5) | C 85.2) | (_73.7) [ (106.1) | € 100.8) | ( 90.4) | ¢ 81.5)

90° 109.7 106.8 97.1 84.0 101.7 99.7 91.8 8L.0
: (104.1) | C 93.0) [ (_81.6) | (109.0) | € 104.9) | ( 96.1) | ( 87.0)

120° 100 102.6 104.4 103.0 | ~ 93.3 95.0 95.5 93.1
(100 ) [ C100 ) 1100 ) [ (100 ) fC100 )| C100 )| 100 )
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Table 4. Relative integral dose in the treatment region of 8 cm¢ on a cross section through the
central axis in a three-field bladder treatment of 88 cm field size
Number in parentheses indicates the percentage for total integral dose

Telecobalt 10 MV 3-rays
4
center lem up | 3ecm up | 5cm up center lemup | 3cm up | 5cm up
30° 104.7 104.7 104.6 104.4 103.0 103.0 102.9 102.5
‘ (25.1) | (26.8) | (30.5) | (34.6) [ (27.2) | (28.3) | (30.8) | (33.5)
45° 101.9 101.8 101.8 101.7 101.5 101.5 101.5 101.2
(24.3) | (26.0) | (29.5) | (34.2) | (26.1) | (27.2) | (29.7) | (32.9)
60° 100.8 100.8 100.8 100.7 100.9 100.9 100.9 100.6
(23.2) (24.6) (27.7) (32.6) (24.9) (25.9) (28.0) (31.7)
750 100.2 100.2 100.1 100.1 100.5 100.5 100.5 100.2
(21.8) (22.9) (26.3) (30.8) (23.5) (24.3) (26.9) (30.5)
90° 99.9 99.9 99.9 99.8 100.3 100.3 100.3 100.2
(21.3) (21,9 | (24,00 ; (27.8) (22.8) (23.3) (25.3) | (28.6)
120° 100 100.0 100.0 100.0 100.5 100.5 100.5 100.2
(23.4) (22.8) (22.4) (22.7) (24.9) (24.5) (24.4) (24.9)
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Table 5. Distance from the tumor center to each isodose curve on posterior direction of central
axis (88 cm three ficlds, 20 X 28cm elliptical body shape)

Telecobalt 10 MV X rays

0 center 3cm up center Jem up

95%)90% 8024150930295 %5|90%|802 (50 %|30.%5|95 %90 %802 505 30,24 |95 %|90 2518025 50 25|30 %
300 cm| cm| cm| cm| cm| cm| ¢m| cm| cm| cm| ¢m| ecm| cm| cm| ¢m| cm| ¢m| em| ¢m| cm

6.0[ 7.1/ 8.0/ 9.2) —| 6.0 7.3| 8.1( 9.3|10.5| 6.5 7.0/ 7.6 9.3] —| 6.5 7.3| 7.7| 9.3]11.0
45° 4.3) 4.6| 5.2| 6.3| 7.2| 4.3| 5.1] 5.3| 6.2| 7.2| 4.3 4.7| 5.1| 6.3) 7.3 4.3 4.7| 5.1) 6.3| 7.5
60° 3.5) 3.8| 4.2| 5.0| 5.9| 3.5| 3.8| 4.2| 5.0| 5.9| 3.5| 3.8 4.2| 5.0/ 6.1 3.5 3.8 4.2 5.0 6.1
75° 3.1{ 3.4] 3.9 4.4 5.3) 3.1| 3.5| 3.9 4.5 5.3| 3.0| 3.4] 3.9 4.5 5.4 3.1] 3.5| 3.9| 4.7| 5.6
90° 3.1{ 3.4| 3.5/ 4.2 5.1) 3.1| 3.4] 3.5 4.2| 5.1| 3.1 3.4] 3.5 4.2| 5.4| 3.1] 3.3| 3.5| 3.7| 5.5
120° 3.5( 3.8| 4.0 4.8 5.4 3.5| 3.8] 4.0| 4.8] 5.5/ 3.5| 3.8] 4.0| 4.8 5.7 3.5 3.8 4.0| 4.8 5.9
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Fig. 2 Optimum dose distribution for bladder treatment with plain and two 50°

wedge fields by 10MV X-rays

Table 6. Mean dose in outer band of the treatment region by a three-field bladder treatment

with Telecobalt

Field size (cm)
0 6 %6 8 x38 9x9 1010
{ims 8— 29— 10— 10— | 11— 11— 12—
6 cmg 7 cmg 8 cmg 9 cmg 9 cmg 10cmg 10cmg 1lcmp
30° 89.8 74.9 93.2 80.9 95.3 85.0 97.9 89.0
45° 88.5 71.1 87.8 76.3 89.1 78.9 90.3 81.7
80° 83.3 69.5 85.5 74.8 36.9 77.0 87.9 78.8
75° 78.9 69.0 84.2 73.7 85.5 76.2 86.9 77.3
90° 80.9 69.0 83.6 73.1 84.9 75.8 86.3 76.8
120° 82.5 68.8 84.1 73.4 85.1 75.4 85.9 76.9

TS L BEO PSR YR X
BTTEhTwa.

TEREV T EE T 5 ELG ~ O 3R R & A B 5
AR HHEE Uiz D2t Table 5Ch b, HELAD
M BEBIG~D95, 90, 80, 50, 30% DL %
TOMEREIVRENT WS, ASEN0° DR
BAOREOFLEINE L, ZOMELVEILS &
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Uil il Bigue.
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LA o h BEEMRaaE o[ T 3 g &
LCHWBITE R 120° 3 MESHT -, Tl
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I EAREY B ens AT T <hTns.
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Fig. 3 Dose distribution for bladder treatment with Telecobalt using €68 cm

instead of 88 cm plain field in Fig. 2

Fig. 4 Dose distribution for bladder treatment with plain and two 45° wedge

fields by Telecobalt
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Table 7. Mean dose and standard deviation in the treatment region for variation of field size of
a plain field in a three-field bladder treatment

Telecobalt 10 MV X-rays
P) Field size (cm) Field size (cm)

6 %8 8§x8 10x 8 68 88 10%x 8
30° 102.1*+1.4 102.8+2.9 101.0£9.0 100.4%1.3 101.1+2.9 97.51+9.2
45° 100.1£1.6 100.0£2.9 99.245.7 99.2%1.9 98.6+3.2 97.4%+6.0
60° 99.0%2.5 98.9%3.2 99.0%3.6 98.4%2.7 98.0+3.4 97.8+3.9
75° 98.24+4.2 98.3+4.5 98.8%4.3 97.7+4.4 97.6£4.6 97.9%4.4
90° 97.8+5.1 98.0%5.3 98.5+5.0 97.4+5.2 97.4.+5.4 97.8+5.1

120° 98.5+2.7 | 98.1%+3.3 97.91+3.9 98.542.7 97.613.5 97.314.1

k g cEbEhs.
k=2(tang-sinf-cosfl) (9)

BT\ 5 45° wedge filter % i\ 5%
WEN L 85l ASHHEE6° D, k=
0.732k 7% . Fig. 412 FofrrT.

Teds, BIASTD FIEIC “Ou T 13 compensating
wedge filter % fJ\ 527z,

Z =B

B 3 FIBSHE CRERD BT T & Fo B
1EIE & il U C wedge filter % LR 3
MRAHE R YEREN O K TT ShTuns.
BioREE%x 2 ~ 3k o lBgE L b TE S
T EIBHRRE AR X B 2 Licd o i
5. 10MV XRE 5 vassu G e T3
ERBEEEN Tem P ki s L 10MV X o J
PERTER TS, Lo, BoEEcewy
W1 EREOHFEC T Eio . o, REEY
HETHET T2~ LIP3 & LB H
B%. EBRRELWD ELD LT EEE
T B, W2 MRS, BB\ 3 PR c
RO ASH RS TR WA, EER SR
BB~ DOFENRELIRDBREL DS .

ST, B L BESE RO DB o e dose
gradient % $RF Lz23, Table 25 b4 Fh
B E RS,

ETHT, EHEMER Sh T wedge filter
1% wedge angle 7345° o & Dt £\ DOV 4
B Ui JRSHER IR 7 & o Feigeht e\ s L
DRI b WIETE D HETHBH, 50° wedge

filter ZFFET 5 LXK EE®RX HB L, b
LFERHo wedge filter 5 & Thi¥, (6)
A& > Tl el 23 8T 52, ik (9)
WA AV TE B %3 5 dose weight #%F s
Bhy, BBV (DR L b wedge filter =45
T AFAELZRD D, MhbhoFE R
LRETHD.

50° wedge filter % i\ T 17 5 g4+ c o 5
JAEEEY) wedge angle 23K ¥ <, iRk M
ETTHZ L, SOIHASMIET X 5 iaFRH
DIERIT IR DB RRBEEC 1 D0 RIE A2
H5.

Hamilton % wedge filter % fff L #2004
xGHHEYRELCWBE2Y, HBESHOE
RAOFBRA TR, FeloiREerl 225
C ke Bigys. Patterson (IR & Wifllic
wedge filter ZGff3% = L o WHEHI STk
NTCBDBFEMIEZEL LU,

#mOW

KD B T & BN o AR IS e o
&, & WREE 3 MIBFHET oW TN Lic. #
OFEF, D 120° 3 PIREHEICIR DT wedge
filter Z0fF L7z BIAEIE 3 FIBEHEL, Bk
WESAEBOSRL Tl , MOBELY LR
HEEBENHA LRI, SBETE T
SHBROEAEER IS L5 1is LFHE
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