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Radiation Therapy with High Energy Electrons Using Pendulous

Expanding for Postoperation Breast Cancer

At present, radiation therapy of postoperation breast cancer has been mostly done with tangential
telecobalt irradiation. But, injuries of heart and lung were not completely avoided. The isodose
distribution pattern of electron beams would be most suitable for the postoperation cancers. The
penetration depth of radiation can be easily adjusted by changing the energy of electrons, as the
dose decreases abruptly in the final range of electron beam track. So, unnecessary exposure to the
underlying tissues is avoidable.

The fields under Betatron electrons are too small to cover the entire chest wall with postoperation
breast cancer, even if the scattering foil would be used. Actually, the irradiation field should also
include the regional axillary lymph nodes and the oposite parasternal nodes. To develope the most
hopeful technique beyond the complicated multiportal irradiation, therefore, I have tried to expand
the fields of electron beams by the magnet and to erradiate evenly the whole chest wall by special
technique of pendulous-moving of the beams.

This procedure by joint use of the programming device for pendulous speed control ascertained
the homogeneous irradiation through ovoid cross section of the whole chest wall and the intensified
exposure, if required, to the selected part of the chest wall, for example, the parasternal region.

I was able to succeed in exposing the desired regions in the desired extents and avoiding almost
perfectly injuries of heart and lung by applying the pendulous expansion of Betatron electrons. In
fact, this technique had the superiority of the isodose distribution curve over the tangetial telecobalt
irradiation. And, the dose which ribs absorbed was so little that could be clinically negligible.

This procedure has been successfully applied to five patients with postoperation breast cancers.
None was accompanied with severe complications such as leukopenia, radiation fibrosis of lung and

changes of electrocardiogram.
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FERAHRIERE S X OEBORKETH -, AROX
MIBRRE I ETT S h, BECit Cobalt-607 #§
B\ % Linear Accel erater |z I % X0 xig
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%. M Scattering foil b I X o TRHE ok
ZR®%7eh, HIHRIE (Out put intensity) o
BETE2b70L, —H o BHEER MR E
180, BR~NOEACEETSH S GRRW?, R
'), X, [HaBE A 508 O BEE 3 T RS
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EELER, BROCIThO =31+ —Td ik
SR L) EFROBHEIBEARSCERR
AR HBES R TWB B, Bk AN, B
'),

2. ETHRINHEEE

B FRRITETE o < BRI 21T, =%
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ZLOHIREOET L, Fr—kgomny
R, ERMEIZ L 5.
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Fig. 1. Controller of Pendulous Speed Progr-
am consists of 15 Levers and Pendulous Sp-
eed Indicator
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=FF — 18MeV D BYLE L {518 L ORfRic
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LEE 5,
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XE&, 74 VAT REE LTE b

6 8 4+, 6
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Fig. 2. Changes of Isodose Curves Caused by
Ribs on Ches-Wall Irradiation (Energy
6MeV Phantom C)
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EDERE, 7y v —sFEHEE Cone » D
#5em& L, Cone |Xl6emx 2cmd Lij-.

Fig. 3 ofn<, 80%1®iz10MeV Tix7 v v b
—AFKMH LD 3.7cn, 8MeV T 2.4cm, 6
MeV Tik 1.8ca e h b, fiiklosacntd
5FEBH O BACIE 6 L 8MeV o=k 1
—PHEMLTWBEEL BRS.

FRTIBH L - B 10MeV =5 3 — 4
LD,

s
=

g
~ 80

‘ﬁ_, 0] \

s N\

£

) \ \8 \ 10 Mev

0 2 4 6 8 10 12 i
Depth in Phantom (cm)

Fig. 3. Central Axis Depth Dose Curves(Pha-
ntom D)

i, SEERT RS

JE2 1 mOEEEYA, BX16cm, f2mp
Cone ZEBLL, {EFrhir Cone 4 L DRER:
Zldmd L, 75 v F—ABEHWT, HBchg
T & b AU IER AR M 8Rs, &R T Re
wITinote.

ZOROIREFAEE 160° Eic s, =04
Cone e 7 v v b — A KM & OFHEN N2
KOHE L sk FhirEnt: (g »
v b = & DEFEE N E & ARG CREST B
Hiz L),

Fig. 4 on<, 6 MeV Ti3f8 b hic S is
AR O M BRI L b 6.20m, g
LD 4.2cmBEh Tk D, B0%EILE « T,
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2. denffEh T T, BRI O M R TR
R THRRLTWS,

L L80%IRIT 7 » v r — AKMH X D 2 et
whBb., 8MeV ToOHEHRESMEHIL Fig. 5D
M<, 90%MMNEIREHBET BLSF, 6MeV 0
FREBLLT WS, S0BKOEIIL7 v v/ b —
AFEML D 3enizH B,

Energy: 6Mev
F.S. [ |6x2em

Fig. 4. Isodose Curves Obtained with Consta-
nt Speed Pendulous Irradiation.

Enl’l‘gy: 8 MeV
F:S. :16x2cm

(rpm)

Fig. 5 Isodose Curves Obtained with Constant
Speed Pendulous Irradiation.

ili, fRFEERREOLHFR
MELAL7 v v b—aZfAWT, AUHiEY
RFEREHER S v 75 2350E R & ) TENCHEE
AT I 2 DRE Lic. Z OB, iR T
IR DIETEEREL L, fhofoeisikT
FEEE 0.1r-pm. iR L, FFEHOLHRIL 0.0781.
p-m., HIKEGHETOZhE 0.0737%\ L 0.085
r.p.m. ChH%. {BLFEMAMGET S ETIRTEE
ZEEL,  0.0083% 0.095r.p.m. & L. Zh

HAEERRESME]E H30% BSH

WAaVESEIR T BARE L Ao .

=¥ — 6MeV it Fig. 6 ©fn<, 90% 5,
(IR X b 2.2en, BAEEERID 1.5
emiz, M, 80%IiE ThILh LD 1.7em s LU
1.3cmiZ6R L, #RFIasRHIE O ES MR OgE
DRDONHIRIT LS.

=FAF—8MeV Tt Fig. 7 ofnd, 6MeV
TOLEMEHAIGE L AROEMARL, Fig. 5
L, IRFESSOMESHoBESARD LR
5.

j&L;hm

e ey
lr.lﬂ'
aatr

Energy: 6MeV

(EEEEE SNSRI

fr pud

Fig. 6. Isodose Curves Obtained with Speed
Controlled Pendulous Irradiation.

Fig. 7. Isodose Curves Obtained with Speed
Controlled Pendulous Irradiation. Energy:
8MeV. F.S: 16x2cm

iv. FoEE ORI X B ESBELS DL
JaEE - ST B B o B w2 X D BaEReh
DFRERLD, =FAF—H6MeV 1L T,
i L F— B4 tx 7 » v b — L ACHEIGEE
T1E & h - SR E AR X E OEMICIE U
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T 100% % L 00 % A Bkic sz LTHA S,
L L, ZhAoEEgEafmihggofifs o
SEHE R E LW bR Ew i (Fig. 8),

Tt ey Energy : 6MeV

Fig. 8. Isodose Curves Obtained with Speed
Controlled Pendulous Irradiation (Transve-
rse Plane at the Level of the Manubrium
sterni)

v. MoBdRE AR T R
FCPEIR AR v v o<t LT FES i
YIRHTHLENE CEEEM DS,

77 Y= ABEHWT, BEEAN X b
1. 5emf@RliEHRT A I T 170° &L, Mg
B¥aIT DR T BE A R iE R b i L,
RFEEDR S B CHEIME, e b B\ Rl
FRIAIT & DM 1 1 4 2B, —OBERIR
S B R E AR T IR SE & 45
Fig. 9 o<, 6MeV Tifthd BB 4 o B
®50% &35 L, WBEHHIETHES 1 an iy 4
enffid 80% % 8%, 8MeV Tk o ¥EX I
Lsem&ie . Mtk 6 MeV o B4 & Fibio

Fig. 9. Isodose Curves Obtained with Speed
Controlled Pendulous Irradiation Especially
Increased Exposure to the Parasternal Region
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Energy :
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4“" e LXrR) o
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Fig. 10. Isodose Curves Obtained with Speed
Controlled Pendulous Irradiation Especially
Increased Exposure to the Parasternal Reg-

(Fig. 10),
vi. Cobalt 60 v $REIHRMRH I & O IS E
S AR o Mg

77 v F=AaBX LT Cobalt 607 #izTE
BB 16cmx 7 em, S S D75emTHJER A 2 PUES

Vi GBIKE ) v E ORI B E T FREHET
& EDRDT, ZORATHE U —0RBHEF D
TR BAERER G L, &4 0fEl
AL 180° % i HRICRRAE LT A,

ORI Fig. 1o, FESES O R0
I LT DY, AR RO ML { B0
DT, fifits X OO~ OBEHRB LT AT, HRho
BRI AR IR T h B,

SSD :Them

N " 16
\\F‘S,. 16 xTcem

Fig. 11. Isodose Curves Obtained with Tang-
ential Irradiation (**Co y-Ray)
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DIFFHREHE S 2 75 2 AEL, BEFE4D
FHICETT, ToRhb—2oD7 v 75 A% H
RT B L.

Cone [Z16cmx 2 emz\~jhl4emx 2 emd d D%
Fiv, Cone i & BgB Rl X OHRIKE R O
FERETH & OIFRER R TS L L T Ay &
B, BEORHE REEEN ILFRER BT
X viRTFiERhF o Cone LB & A B2l 3 % Wl HE
e Dk, 0S50 ERTHON.

BB RS2 EARSE 4 e BAE TR X 2T
1k, BIKERB~oRS oA CHEES ETEPE
b LBEobABEECE, FAARERLT
HH, WHES, Bl IOEBRELHEEL HeRL
BBAARce, BoEd ol i Lic.
HLBHBEAOF S AXMET 50 MR TH
5.

WieF w7 4 e =& =1k b ILERSTE 4
EAMOBEELERTS - LTl

RFAEIEA LD 20 550, BBLL
130°CHighE% < in{ » S —Hiskie.

AP X DRER T oI ERIL 5 P TH 5.
Fig. 121 fegHIR B oo —plZ R

Fig. 12. Figure crvfﬂ Irradiation with Eixp;.nd-
ing and Pendulous Electron Beams.

2. MgBERESFOFHE & GE B X OTFE OLE
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ELTHEITS.

I ER D O FEE AR T, S oS
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i HEL, Nﬁ
Fig. 13. Skin after 6000R Irradiation with
Expanding and Pendulous Electron Beams.
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