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Computer-Controlled Conformation Radiotherapy
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A method of computer-controlled conformation radiotherapy was developed and 70 cases of its
clinical applications were experienced. THERAC-III computer system is employed for entry of
target shape of beam focus and for dose distribution planning. THERAC-C system is used to control
collimator opening (lower jaw opening) automatically during rotation therapy by 4 MeV linear
accelerator. Standard equipped lower jaw of the linear accelerator is controlled so as to conform
elliptical and the allied beam focus by dynamic treatment. The lower jaw is mono-block or single
split collimator.

The advantage of the computer-controlled method compared with conventional analogue-con-
trolled method has been recognized by us: (i) easy operation, (ii) precision, (iii) flexibility for accepting
larger extent of bearn focus, (iv) on every time recording and archiving of conformation radiotherapy are
comprehensive, (v) check of accuracy of the therapy can be easily performed by both numerical
and curve shape display of callimator opening, and most important advantage is (vi) dose distribution
planning and reconfirmation of dose delivery for each irradiation in every case.

Clinical cases we have extended so far are brain tumor, cervical carcinoma, prostatic carcinoma
and esophagus carcinoma and so on. Extent of clinical indication has been found broader than our
expectation in spite of its simple mono-block method. Further clinical applications are being ex-
panded and the efficacy are expected to be better than other method of radiotherapy treatment.
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Fig. 1 An outline of target shape of beam focus.
Opening of the lower jaw is controlled by com-
puter during rotation therapy. Opening of the
upper jaw is fixed at an arbitrarysize during an
irradiation.
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Fig. 2 Program of target shape input for the
conformation therapy.
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% CONFORMATION THERAPY X 1000000 g o0 o
MAGNI = 1.0
= "#F—_ﬁ\
\--...._____.--/

*% PATIENT NO. (1999999 ) 2x  G=GANTRY-ANGLE , F.S=F1ELD-S1ZE (CM)
*G% 4F, 322G :E_s: :ﬁu .Sk 2Gx3F. 5% 1G2¥F.Sx ;gamr-.s:

0100 60 5.4 120 5.3 180 10.0 240 5.4 x]
210.0 62 5,1 122 5.6 18210.0 212 5.1 302 5.6
410.0 64 4.8 124 5.9 184 10.0 244 4.8 304 5.9
610.( G 4.6 126 4.1 186 10.0 246 4.6 306 6.1
8 9.9 68 43 128 6.4 188 9.0 248 4.3 308 6.4
10 9.9 70 4.1 130 6.7 190 9.9 250 4.1 310 6.7
12 98 72 3. 32 6.9 192 9.8 252 3.9 312 4.9
14 2.0 4 3.7 134 7.1 194 9.7 254 3.7 314 T.1
16 9.7 g L6 136 7.4 196 9.7 256 3.4 316 T.4
18 94 78 3.4 138 7.6 198 9.6 258 3.4 318 7.
20 9.5 80 3.3 140 7.8 200 9.5 260 3.3 320 7.
22 9.0 82 3.2 142 8.0 202 9.3 262 3.2 322 4.
24 9.2 B4 3.2 144 8.2 204 9.2 264 3.2 324 8,
26 9. .1 146 8.4 206 9.1 266 3.1 326 8.4
28 8.9 48 8.6 208 8.9 208 3.1 328 B.C
30 8.8 .1 150 8.7 210 8.8 270 3.1 330 8.
32 84 92 3.1 152 8.9 212 8.6 272 3.1 332 8.
34 84 94 3.2 154 9.0 214 8.4 274 3.2 334 9,
36 8.2 2 156 9.2 216 8.2 276 3.2 336 9.
38 8.0 3 158 93 218 8.0 278 3.3 338 9.
40 7.8 1 4 160 9.4 220 7.8 280 3.4 340 9.4
42 7.6 1 .5 162 95 222 7.6 282 3.5 342 9.
44 74 104 3.6 164 9.6 224 7.4 284 3.6 344 9.
46 11 L1166 9.7 226 T 286 3.7 346 9.
48 6.9 108 3.9 168 9.8 228 4.9 288 3.9 348 9.
50 &7 110 4.1 170 9.9 230 4.7 290 41 350 9.9
52 6.4 112 4.3 172 9.9 232 4.4 292 4.3 352 9,
B4 6.2 114 4.6 174100 234 6.2 294 4.6 35410.
56 5.9 116 4.8 176100 236 5.2 296 4.8 35610,
58 5.6 118 6.0 178100 238 5.6 298 5.0 35810.

END  SETPROGRAM TAPE ON 80 AND LOAD SWITCH ON 1
Fig. 3 An example of CRT display of a target
shape input to THERAC-III and its numericals
on CRT. Longer axis and shorter axis of above
elliptical target shape are 10cm and 3 cm respe-
ctively.
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Fig. 4 Program of automatic control for conform
ation radiotherapy.
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%% CONFORMATION THERAPY %x 1000000
MAGNI = 1.0
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*% CONFORMATION THERAPY %% 1000000 79, g3.05
GAN

GAN L.J GAN L.J GAN L.J oJ
PLAN RESULT|  PLAW RESULT|  PLANRESULT|  PLAN RESWLT
000 10.0 10.0 |090 03.1 03.2 |180 10.0 10.0 |270 03.1 03.
003 10.0 100 [093 031 03.1 |183 10:0 09.8 |273 3.1 03.
006 10.0 10.0 (096 032 03.1 [186 1000 09.9 [275 03.2 03.
09 09.9 09.8 [099 03.% 032 (189 09.9 10.0 (279 03.3 03,
12 00:8 09:8 [102 03.4 03.5 [192 09.8 09.8 |282 034 03.
15 097 09.6 |105 036 035 [195 09.7 09.8 [285 03.6 03
18 09, . 08 L9 03.9 98 09.5 o 288 03.9 03.
021 09.4 09.3 |11 04.2 04'3 201 09:2 09.3 [291 04.2 Q4.2
024 09. 9. 14 04.5 04.5 |204 09. 9, 294 04.5 04.6
027 9.0 09.0 |17 049 04.8 207 09.0 09:1 [297 04.9 04.9
030 08:8 08:3 [120 05.3 05.3 (210 088 08.% |300 05.3 05,
33 085 085 |123 05.6 05.7 |213 08.5 08.7 [303 05.8 05.
36 g 8. 126 .o 05.9 16 08.2 08. 306 06.2 06.
39 A 8.l 129 B 06,5 1% 07. .9 1309 06.5 06.
2 07. 7.1 132 W5 06.8 2% 7.6 A 12 06.9 07.
5 07, T 35 07.2 07.4 |2 7.3 A 15 07.3 07.
45 06.9 069 138 07.6 07.5 (228 06.5 07.2 |318 07.6 OT.
051 065 06.6 |141 0T.9 0T.9 |231 06.5 06.7 |321 07.9 08.
54 06.2 06.4 |144 08.2 08.0 (234 06.2 06.3 |324 08.2 08.
57 05.8 053 [147 08.5 08.4 (237 05.8 05.7 |37 08.5 08.
60 0624 06.3 |150 08.7 08.7 (240 05.4 05.2 |330 08.7 08.
63 05. 4. 53 09.0 09.0 3 05.0 04.8 33 09.0 33.
66 04.6 04.5 |156 09.Z 09.1 246 04.6 04.7 [336 09.2 09.
69 04,2 04.3 [159 09.4 09.5 (249 04.2 04.6 |335 09.4 09.
T2 03.9 04.2 162 095 09'5 (252 03'5 041 [342 09.5 095
75 037 03.7 [165 09.7 09.6 |235 03.7 03.7 [345 09.7 09.
78 03.4 035 (163 09’6 09.8 |256 03.4 035 |34 09'8 09.
1033 03.3 171 09.9 09.8 |[261 03.2 03.3 361 09.9 09.
84 032 033 [174 10.0 09:8 264 03.2 03.2 354 10.0 09.8
087 03.1 032 1177 100 09'9 1267 031 032 |357 1000 100

Fig. 5 A record of the conformatiou radiotherapy
according to the target shape shown in Fig. 3.
Real opening of the lower jaw is displayed on
CRT as a trajectory superimposed on the target
shape display. Numerical display shows real op-
ening of the lower jaw compared with that of
the target shape.
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30% DOSE DISTRIBUTION OF CONFORMATION RADIOTHERAPY
TECHNIQUE BY THERAC SYSTEM
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Fig. 6 90%dose distributions of the conformation
radiotherapy by THERAC-C system.Film dosim-
etry was employed for 5 cases of shorter axes:
10, 8, 6, 4 and 2 cm, with the same longer axis
of 10cm.,

Ebse vt | 90% dose diswibution
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Fig. 7 90% isodose curves by film dosimetry of
the conformation radiotherapy controlled by TH
ERAC-C system. Isocenter was place at the
center of phantom and right upper (center of
quadrant) of the same phantom.
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Fig. 8 Enhanced CT of a patient with braintum-
ors. Portion and shape of tumor image contrast
can be found out clearly.

Fig. 9 A conventional axial transverse tomogram

of the same case with that of Fig. 8. Tumor
positions in CT image were photographically
cogied on this picture by an optical means and
target shapes of beam focus were planned as
shown by dotted lines.
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I'ig. 10 Dose distribution of the conformation rad-
iotherapy of the case shown in Fig. 8 and Fig.
9. THERAC-III treatment planning system was
employed.
I3 HIC enhance ¥ jufz 3emxdem @ MO
mass lesion 73E8 k5 (Fig. 8). F{kIEH O
RS s L o SRR B 45 B T i
LRl 5 e CT o g S i,
mass lesion D #GEEA 52> L & -1 (Fig. 9. =
OFF R A 4 1R 4.8cm HiE3.2em D F 5y
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7 WD B A R A 2. BB ITOPT L & WS 4
% THERAC-MC A )L, [RARIBE DM A4 1
K% fERE L7z (Fig. 10). BT AShiEH
I A390 2 B IR IC SE 4 5 < Fh, R o
HkoBEHE L Vi o LA b,

fEF2.  foBiEFATERESE TUR, B
PEANS24E12 200, AaEkEOBRIGYIER & HEs
KB #% E LB & 21T - 1o IRR534E 7
A GEFEE L, ¥ 9 JIC A - T
Bt Lo, QUESZEECRAE DO e Ml Il 4 7
% biospy CHRH MRS NI, KENIET oE
LTS (Fig. 1) © AX58E0 B & ®
A (LED RO #AC EREY (A % 3o
%. [PHREEEG IO B A b L0 6em 4EEE
dem D+ 7y 7 HOMHE 2O, FICER 2cm
DO THEMAFTH P FHEY 2T, S Eo
T R & R GRS O 4% THERAC-TC AN LIE
B U7citma i (Fig. 12) Cik HEEORBE 290
ZRAEIC S < Eh, T30 % 0 510% D%
R, RHETIR L FHIX0ZLTO HEmch
5.

V—2 : BRESEM o PIER

Fig. 11 A conventional axial transverse tomogram of a patient with recurrences
of esophagus carcinoma after a surgical operation. Target shape of beam focus
was planned by diagnosis employing this picture.
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HARES R RSB #39%E H105

=S S

MRS U O e

Fig. 12 Dose distribution of the case shown in Fig. 11 which was calculated by

THERAC-III treatment planning system.

NAFI524F 6 A 2 LRS54 5 A % To 2 4ERIc
THERAC > 2 7 & HI{H 0> JF 5T #a LichE
BNETOPITH % . FEFI O WIS IEIES 1961, T
FE1THY, WSZHREEL260, ik 6 B, Nl 4 61,
RIGRELRE, ERCEE EIRRES 36, DRBGE, R
5, & 16Ths (Table 1), HfffiEf47
B, FEREI2IFITCH D, FIREG O NFILECE
MR OB FE1361 & FHiEOHERIMTH 5.
1 [ 15:200rad SE[H]1000rad 2 JEHEICSEHE L, $E
B L O i A M s (Table 2). 6000rad

Table 1 Number of clinical experiences of
conformotion rapiotherapy

Conforma- |Conforma-
tion Radio-|tion plus
therapy fixed irra- Tatal
only diation
Brain tumor 18 1 19
Cervical cancer 5 12 17
Prostatic cancer | 12 | 12
Esophagus
cancer 4 2 6
Lung cancer | 2 2 4
Urinary bladder | 3 3
cancer | .
Maxillary |
cancer 3 3
Others 5 1 6
Total 49 cases | 2] cases | 7( cases |

LUF o HBEHC 1k o 7256 i SR B 076 &
IRIESOFEFTH D, TR ARG T
i L7z, 6000rad [ |- FESF Udc SEGUE AT I
L EBE RERS o2 TEE L0V H D

B, TR EEMRSTHEE © fi)h R e T
boost therapy & LT RIAME 4 5 L 72 & o
&, iR & T, RAERBYRE G Tilio
TR S B B bx BT D THA.
THERAC > 27 At FAR S C i Ui
Bl R & BRI EBIER A N L, £
IEBIZR LG+ 223 ) Th 5.

V-3 1 /g

THERAC > 2 7 sl RIS C BE4 %
PR Rl A 54 o M & FR B0 o VT O ZE
DREHIhD. 1D GO TH ok E
& LT RO RO DAL & Rl X 1o & o0
JREE simulator 2 E & U TG L7z [ElHE R
I LTS, AL EHE CIEMECE
Bezxslscfirol:nREERTVE05
ThhH. [RFFIC R Lic CT off B FEENE
FNCEI ERIC 5o L& b, B HEC fr o
Twb. ZDRFRIHECOWTIR 2 T
WET 5. 2 WEHSMEOER © THERAC-II
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Table 2 Irradiated tumor dose

3000 rad | 4000 rad | 5000 rad | 6000 rad | 7000 rad | 8000 rad | 9000 rad

Brain tumor (3) 3 (1)1 7 4 Il
Cervical cancer @))] M1 5 5 2
Prostatic cancer 12
Esophagus cancer (@) (2) (@) 1 1
Lung cancer ) 2 1
Urinary bladder cancer 2 1
Maxillary cancer 1 1 1 y
Others 1 2 3 1

Total @3 | @1 ] (o | @2 11 7 4 |
Co:!flcl);mation radiotherapy - 3 15 21 3 |
Coinr{gggattiz(:‘n plus fixed 9 3 ‘ 7 4

( ): case of recurrence after radiotherapy

THIME L t 7 v 7 BORBRY & ik 2R
HOMEHHEEZIEL, FHTH 7wy 5 2%
SERk Lic. % O EERSCE 2 & h - SRR
RIS LI ZE IR S O R T4 sk L TR 447
ZERT 5. FEAIC XTI BSEELR2L0E D 7
Bz THENTREZHEL, ZodhdbRERE
SR FEN LTS, FEBHOGA, 4O
BlO BESARE WohicT52 LI EE TH
5. 3) B FR RS © collimator
DB ORI CRT OEFmicH 4« #HiEXh, ¥
T #2icid collimator DERERD PURE AL 31
fEESHLTRRERS. hITRBEREOHER
EPBMEOHERCEETHS. 4) MG &
S EISER LI CRBHTF BRI E r 5 v 2
RO 55, BEGEBIIRERMCE . 2 v
= — 2 OHE LoREBHEEC KL, HiEio
SLTH & RN flifEchh, Fie CT Tk
W T DIpF B D RFBH AR B T 5 Tin b 2 D
BHEEOBIGLE {le2T\w5b. B4 DREFOH
BAMBERHEECIE D, FERH O BA92 R
TR D X512 TET V5.
5 =

[El#EB S collimator A BARH L1z b, Xt dose
rate X2 THED K& & & MO B
wARPE D L HED, Trumpt®, Hig"°,
Proimos?!'?, Mantel'? 285340 5 o J 3k CHIZEEH

FLTCE., ChbOWROFT, BiFIERRE
"8 LR RAHE L 255 © collimator 75
FCBREA L, SR OB FR Lk b S
PERFREOTW 5. BRSO ZBERY 7 N &
FEIRIG R OFERIED Za £ IR I h T 591919,

2V Ea— 2 O C collimater L {4fi&
#WZF L, Dynamic therapy ¥ #-|3 Conforrmation
therapy % $Effi 3% J7pkiapmE",
Neblett'® &8 1, ThFholfrHid L
WA, FAIEIL§ =2 vt a —& THERAC o A5
A OHIEHTIRERS 35 HER R LYY, BERE
FAO M & L 1, 1zSixth International Conference,
Goettigen 1977 TH3E'"™ L, HHiC LA Ul
MR S hic. L Levene'® 4813 Bjirngard'®
D% HEic 3B L, retroperitoneal lymphnode
AOIGEE RS L. & T THERAC v A
7 IO RS\ T EETESER L 7062
WCDRREREIRE L, C oo ko
WRNER I B, 1) FHE» b5 ¥ TOEE
D THBECThHS. 2) FHlE LicBHETok
W BRI ER T A e TE B, 3) HE
RO FTECILIERR S R rcAgF e~ 5y 2
FORBBENERECIERTE 5. 4) HEEOFMITE
WCIsIT HEROMME L HE THEMT 5 C &3 T
&%. 5) i UicIRAERE oA EEEE: S
nBH. Rk JRERS O B il BIETH

Bjdrngard!®,
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