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Clinical experience in 31 MeV electron beam treatment
By

Toshio Kitagawa, Tomoyuki Mori, Yutaka Okumura, Toshio Ueda and Takashi Kitabatake®
Department of Radiotherapy, Aichi Cancer Center Hospital, Nagoya, Japan

Thirty one cases with malignant deep seated tumor, namely carcinoma of the esophagus, stomach,
lung and malignant tumor of the brain, which were picked up as a candidate of the study in the super high
energy electron beam therapy, underwent treatment on 31 MeV Betatron in Aichi Cancer Center for
last three years. Several impressed their clinical evidences will be discussed in this paper as a mile stone
in progress of electron beam therapy.

1. Acute radiation reaction in the mucous membrane was seemed to be remarkably milder com-
paring with 60 Co y-ray irradiation.

Then no cases complained distress causing by treatment in this series.

2. General effect including blood component change, body fluids disorder or so called radiation
sickness appeared to be almost negligible.

3. Radiation response in the tumorous lesion showed later appearance clinically and took more
time of completion than cases treated with 60 Co y-ray.

This evidence was considered sometimes to be disadvantage of this treatment on case with carcinoma
of the esophagus or bronchus.

4. Skin reaction was unavoidable, but skin damage was limitied in the superficial layer and it
was able to recover in two weeks after completion of treatment.

5. All cases with brain tumor treated in this series showed good response clinically, even though
their histological nature was thought to be radioresistance.

Considering the physical nature of the electron beam on 31 MeV, especially depth dose curve, they
were not reasonably superior to other kind of high energy radiation in treatment planning.

However, in the clinical view, several beneficial points, for instance, mild acute radiation reaction,
less skin damage, negligible general effect and some evidence of good response in radioresistant tumor,

suggest encouragement of further study in super high energy electron beam treatment.
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Number of cases treated in this series was too small to reach to conclusion. Further more clinical

study should be continued to find out more definite beneficial or unbeneficial point in super high energy

electron beam treatment.

F 0

BT SR 5 E =3 L ¥ BT
AT E L OWEERNREOF, FroREEERS
OEFEE T ORESNHERMBETHY, 1o
R = OFERER AT, HERRERC LT,
L2 b Ees U CIES AT OR AR L 2sh0
BATRERD, £ OFIGIE & L TR
g Sh, roBEERcoWTh, Bl
L ORENDB.

DB EEGTE SRR b HAT B =3 F —
i, ToEMEERBROMRE T LT, 105
H18MeV FCodDEZLBRTVWADTHS
A%, 20 MeV L) FoilEE =3 1 ¥ - A S
&, CoORPHERBRL, =xArF¥-D LA
W, RFERESHEBCET 2 “ R 2%
b, BRI RO BEEE X & ik
D, EzxAF—DboDHFoOBTHRE LT
HERE L, ko E&EL 2T LT, fioR
=R AF RN LT, BERETE EoEark
YRTACELLLELLRBEDOTHD. Lh
DT, hr5iER = AF BT RO RREIE
YT a8, ol EREE 0
B, ¥ xBRERS AL Sha
ETHHD.

JE)® ks, ZoRBEroWT, MEST%
o & LicHRBR AR A D TH H M, Lok
TN A v & —IC FRIE Shic EH31MeV
R—x— b e vEBAWT, Mk 3FH, RROK
HrfToTkicoT, BfEE B LI EERE
BErz L, SBEOEHO—MMCE LI EE
ZBDTHD.

F T, G L s T EEBBEA OB
BERxpRL, ToeBbhicficoZl, 85X
OMDRER & D - ERABEEL TR L TH LS
L5,

L EBEHOCREEMG

BRCEVWbh o <—%— e v ik, 10~31

MeV D= 3 F — % LEE UT TR ik
Hks b o, AR TE, BR=x L ¥ BT
B X A EYMB T, £E 1L T20~31MeV
C=FAF—EETLETEY, TOEMCET
THWbBRIC.

BFREDoRE R IFcRkich, 5
F o R T S huiofii:, 200 RAD/M
IN(£7%) Thh, HERE X vFRAZ—
AF AR D—EEh, H=FAF—, BEE,
A%y 2 Y VI HRA4 MCOWTRE OB FE
BAEVBRE.

AF¥ oy Z V) v IR, BRERLERS
haBEOER D ERRT, Kb oSGy a
£L L TH=FAF DN TRE LR, 20
MeV,25MeV, 31MeV # L CH+RFh 0.3mm
Pb, 0.4mmPb, (. 5mmPb pHH W Bht-.

R OB, L, BHfEs LU oRHE
DB X VEBE IR, 15x% 15235 KRBT CH
5.
BHBEOMERE, ZREORE S TRETREE
ERWTEAE L 2T, BEHIMHT~oWREN
1k, BICHRHR-OERELZFECAL, R
6 mmAl, Sl 4 mmPb OV AG-Hh. R
SioR i, REHHY PE T&F BE A
F, TihbbAFYy &) vIrAA—-KER
RV, ERoBRzs W TEFTthHE
EBEICAAR® 535 X OF Loevinger® @ii~T\u5
ATHBOT, FHOFTRECKSVTHEEDOD
@, Tithba9emd LR, Axvox) vy
H A A — N EERE i 83em i f o sk .. |k
ofM X vBHh, BRERVDRCTEHGR
EXihis X OERERRT, N1, 2RT0
ELTHB.

BAEFER, &< RER-PIRAPAVLR,
REOHRERECIHMERENAV-bh, RiEE
B L DB OBEFEEROIESICH LTz, i
—MBHE T,

ST,



4441 B250

] 1

ELECTRON BEAM

% FIELD SIZE 10xI0 CM
w100

2

]

[

gso

E [+ 16 o !IM-\I’

%% 58 10 vg 416

DEFTH IN CM

— 1Sem
ENERGY 31 MeV
FIELD SIZE 10emxIOcm
SCATTERING FOIL 05mm.Pb
5.5.D. B3cm
-] [¢] 5 o

ENERGY 20 MaV Lt.
FIELD SIZE 10emxiOcm

SCATTERING FOIL 0.5mm Pb

§.5.0. 83cm

%75 H O BEHRE R BIEESIC 35\ T 220~
250R AD, #E#HHEFEITH 7,000~ 8,000R A
DTCHotk.

IL hEEEER

BAEE TIc, 20~31 MeV B4 F\ TR
O W IEFAEIA30FcH b, FoRFIZKS
DTELTHDH. Thbof»s, FEES
LT, BOBDOO—fHFo4RT 5.

1. filil e
67F DigA, FEET N EER S, BARKETX
REINC TH T, #EIERCFEe 240 5 onjl
%, B2 YoM ABRRE I RRSh, BE
DIFM 2 2 5 7o, R RS A 3 2 .

— 41

1367

B3
Bl | 6B "'"j
; (] 84 .
’ i N 46 |
B 55 g 361 =
Kol | 1041
________ I T

o

Fit,

Ant,
MR AMNE BB EHbh i v o<l
Botugic X b, BiEi R shie, RRER
BRI & BB mE L, —BlIEA o
BExELbhAEML B0, T LTS
b, 31 MeV EFE—MEEBMH Tk, B4t
BFi12 8 x 8em, 45 H ks X OB S50 E 1L, 70%48
MTEHL, 220RAD, 8,070RAD/43H ¢ %
% . K4 BEGTEC B b h oI EE, K5
EEDFEREIIRTH B . B EFHE O
WAk D FIEIZ 13, Laugblin (1965)% DR/ (R



1368

»
’

[ 7

Foa iz,

ks BRI O v vt (BB OFELR
) T LTk, M oBoHIR A H B i
b, V) =7y 7L BEIENEIIEH T,
6,000R AD® 5.2 , ¥ #-g4F L5 oiEEIZi13160
Co #fFRAIC X % 6,800R AD% 5%, Fi/l,
fREARE L EEE S h, ERIBEE TR R
T, ®6, 7, 8RS, BEHLTH,
BT 120 BEOBXBEECcH D, BERK

FORE MO e MERE Hi28% F10%

8
TH—
a :

1
—

T

ﬁ_.
k.
B ksl s b TR tEREy &,
IREHE T %100 B UL ERETH bRaiEsseaic Mk
LTw5.

B9, MREHE TR Bl e B ioEE o BE I
BCHB. ¥l LRigEES, #x2EUT,
XREFRT Z & WH h o idiiifis s L OF
IfifRHERE DREH, & BT, Fihm o Zké LT
ik, MEHET, #% o amB#E 8,300, 4,800,
MEREC 46075, 4397, A&EREATH, 4375 TH
b, At o FSRE LT, mERERR
7.88/M, 7.02Md, FHEHRL7.TogMdl, 17.3
ng/lCTHD .
TRRREAEGIL, JRAHE T 2 Ea RETBIFEA AT
L, »olRS S iR FRFEH O FH A FRD T

— 42 —



MEfndd4E1 A25H

VT,

2. FoEM

65F D H T, #5 » AN Bl foiEiE s
TR HEE L, SREERAEEN R o 2JBE T HE D
RigLic s,

XHEH (K10) oI & L Ffandiiciy s
emD R X OARF AR AL RS, RRS X5
M X 0 PRy GER Ehic. X4
R E L7 o b O IRALITIER & £ 2 Hh 5 IEE

1369

B 13

BTA20T ., s aire s LU

DT, BRI E L CHiRARE 0T A s
YR HRIE LT, MTRTIRS & LT31 MeV
FhgzlEu, 6 x10emd BT, w1
MBS L b, 0% FEmc R THE IR fET
(K12), {8 AEHE 250~ 230RADIC L D,
29H I 5,780R AD% 5.2 Hivte.

NERAAZIRS R L, FERC PRI T Rl 5 &
YA MRERT HEC LY, M fBE oD
K&EWAT &R s RO, WEEOZE(L
At LR R S REE (1 A Hia k7. X
10k, BEHETRO XEEE ©H 5. FEHHT,
Boffw oz h % h, AmEkE 3,800,
4,150, FRIMEREL 39777, 421757, ¥eBkEL 9.2,
16.87 MiFeZHaR 7.08 A1, 7.08 KRR
11.1mg/dl, 9.8mg/dlCfil &IRAHC X B AR DOZL
PR LTWitwWEFELbhn, Kok, —

— 43 —



1370

EOFRfERLicDART, BEHMEL:.
WNTRAH TR, 488 Bl vt
AT L. KISy Eh - REHRER © 5
D, SEORER, HHPOHTCII4 LR
B, I  —RAraia 4 REA e
RIS {ERICH L TIEHT o B X AR R
L, st S hcRESMIKPIIC, FELAES &
higpoteifciEBlATsE#E2bR 5. = 0 A
i, Bicilhs 2k, BTFHRERCKS VT,
MREAAR DNl 2 D4 X b B i 2L
L, ¥ictoicdbi, BCihistm o iR ok
ShaH&ETH» 5.
FoFRRRcE, Rl L0 o R,
MBI X 5 R[ETROG, FEiffs & ORFR BT,
BAHRRRKERE I X 258055, TEkEL 7, FilioM
oA B B mUR A D TR AL,
BEEOWELIEMtH v, —FROBIE, s
BIBAEA TR L TuvinLs,

3. [l

21 ¥, WHASSEE X v B E R A, kP
WCHEE L, STHRC BT Bk T IS BHEEMAT & FifT
Lic. FofEd, Bl iEs o h BB
HEh, SR oL, Astrocytoma ¢
Hote. Fotk, 5EMRREFIHERCK LT 2@
FWMR TR L, st
He AT, BIHBEEG& 2B s e B ok
fodd, AW L, HAHRRR A RE S .
IRSBAMGRE O iL, Ml 7 2> —, EHKC
AR BRI S, i oiE, Bimy B iEd
Bhd, PR E KRR, *PHg X5 A

AOREEHNAEERE H28% H10%

v =vy, BMOERE, (X4 cTHEHEYSE
em & HETE X B EE A A RIEETIC RS b hi.
Lo L EfEofr R X b, BB, ElsXOhH
L S TR LTt w0 T, FRERTH
CALE T B ST F e 3T b RS o fg e 4
T B, BEHE D, 31 MeV BFfo—M
B4t 24727, IBEHIFI310 x 10em, 45 H o548
fiik, 100RAD X D, HliysEEss @ 85m € L
., 10HER. 240R ADICEL-Hix, R
FBEL, 6,170R AD%35HMECHE L7z, K15
T RO EBRIE, Ei6ik, Zhefvbehnic
WEGECH B . WA, BosE o {bikth



Mafndd4:1 A 25R 1371

Zh, BRI 8,400, 7,400, FRimEkE 434 & 19
73, 42007, RREREL21 .10, 14.37, MRES
# 6.68/d, 7.08dTHh, ELEAEHT, *
FBERA B TRIHIR TR & b B Hic
15 0 DR SREA RN Ld it i b, //
L% UT, BaRaERIG X 5 IME T
DEPFEILERD S e ot o
BRIREPTR & LT, MBS TR, ko7
o —, RIS, HEMOMESL, 1L A L 0
Hee L Tute. \
N

4. B

T3XDOHTF, WER4EI2AGY D, HigEE
R, BUANR, BB HL, 5L il
Sh-FRAOEE L M XBER (H17) OFf
RIVEAELT, BRoSE-0 T, YEicHhE
wiREISh, Br x5, M#FORECT Y,
F & % B A0 X 0 BAPTC A1 T o B K etk
BELEA LIz, Lo LIF, BEEN, % 75 2%
B D0 TREER & & 2 5 h B IRZE R BT b0
fed T, BRI AP THRARBH A, 37k
bbb, BHMFEFWEIC LT, MEL b ok
b, HMEEOR LIV EFE 2 bhizg1MeV
DETFHA T

ETREHR oL, 8 x10m0BHET ¢, 7
Ji & v —Fig4t, B EG5HE 240RAD, L%
LR 6,000RAD/31ETH b, K193, +DE
TR AR L, K181k, BEKRTROX

2 20




1372

BB, H20ik, BEHET RO RIEERT.
BEHHT, #HofgoZlbizFhLh, BIMEKEK

7,200, 4,400, FrRIMEREL 36275, 41475, #EK
$10.95, 13.35, MmifEERAR 7.1/, 5.7
g/, BAEEHER17 Ang/dl, 12 3ng/dl7 3 5 — ¥
fiid, 4%5BMEMYEDTRDEREELER
LTz, FRpiEOFM RS E e R3
Aot i s i RIie R & & 2 BES R o
B, BebirbhicBErBK EEREES b o
THAFEXEMTCBL0EEZLRD. ik
wHih, HoBRITRE LTz, £5ER, &
AR, M BRI X 5 BB E R L
DFERME A BT IS L B a R S hic
FERIZA L Te d, T LAK EEER of M L
T TREBRYE SR, B TR, B
o, MRS ik, b kI
WM OREIERAEL T, MmiEFI b ke
{RDTWIWEIE, LT REFThH > LE
5.

ERLCICFR

PRI EEMCE bR IRER, FrRing
T, bhbh s CrofEih LIcER X v iE
EhAEBEHIRDOZELTHB.

1. BE=xL¥-—2hTrHETFHROBHER
s LTEBRE oS S h 5 EE 1L, YREH Y
ZbhbEoRMMebBEGRTs0ThHEN, b
hbhp AR o T, ALK ER
Ddbhic fes oo, L ELRBHKT
H%IBALY, Mol 6 7L EA
FTHL0LH D, FEEAVGER TR 250KV X
f, “CorficIrd0XhbELDTHRATD
5.

—Fim i B x B bR R, REBOo&
EichEL DEETHER, & ziXids A EBE
CPAZEIRTBIC & 5 OB, WERRIRER o S ER
2 X B RINEEE T & O LT EMS L E
Zbhn. Lich o THS It dy b5 2 ko BaH#E
TRZR\WTh, EEHIERRATCH S iR E L,
BREGEE 7o 3y B RTHET 5o, 5
DEALD A N5 & UK O R 55

H oA = A e S MERE 5288 SE10%5

FoRsdicr, BAREL 5L LERLH D,
i bBgC T ARBEMLEL L, Ttk
BoMf—o0TATT & e B fREoWT, Zhic
PHBH 3% £ AEE O U D oR e, HRERIE
fcE OREr—BERERS.

2. RFEL S/ AScT 5 ]G
EHRETH B, BHEHPEERIGEE LR
AL, TiobhbiEEEREA R XM < Blbh
F, TOLDOEEITEHEFLI>ELDL, ¥
Ot gt r HE SR 2 RbIz L A E R
LA

¥l Bl 1 2 EUMBEESNC I\ TIL, Mk
CXLT, MESMCBT A5E ECix, fholk
S CRRFOSERICYETCHRS EEL LR
HMENRE L bR T VAR Db LT, Hbdik
TSR 26 22 U 2o fiE G % SRR U e s 2 2o i 4%
HTREEThY, TrEEE, B, Bk
FoRSHEEL T, BEHRREESERIGT X 5
A, TR E2%, Moy v 5E &
L TEL, MEHOBET RERIET X%
BRI 0D 7 > DR TTAE DfEfiad A £, 2o bk
JR7cHEREL DA 1T 5 FA sk 5 .

3. ERCEXETHECoOWTR, * 0K
EoWTEReRE SR b Birn—E LT
Vit bhibh o, = xu¥ -
e BE, FEACRMHEERWIEE, EEoO
FIGizgg i s B o hi. bhvbhsi v
7231 MeV f2EED = L F — DAL, Fohricki
# ( 8,000RADLLE) 42 7854%, MWED
RFdBbhioh, EbdTEEEO L 0T H
h, IEEEERE 2 U R T B o

4. EHMEL LTIk, BEPRHEIOME,
BRARE A T RN &, e L RS
AT b IERE L E XL bR B IER Y B U ICEMIZE <
BB LT,

HEOAEBIBIL TH, FEFADRCRLICT
L, ROBPREFEERLICLOIXR.

5. BEMRBIL T, FIOEAE»RD
BHENRmINERE LIRS TR DTS D
2, AR, MERSHRC X5 b0 L RET

— 46 —



FRfid44£ 1 F25H

ToicEbhssi, RBEORMECELTIE,
L LA E~ OIEFIOMEE O & Okt ox
OHBRE L Blbh, —EOFFHRRmCEET
BONROMETH S5 . FIEM 4R L
BRI ES D W R 3o\ T, IR S 2 RS BT
PR MEAMEN £ % 2 BT\ e Astrocytoma ¢
B oTedd, BEHET RERCEERAEE L B 5 b
W/RL 78, %Co #7413 Lineac jz X 5 JREt
OHETER LI ETh Y, FoErEE
HEEWOWTIL, SO B B SR b RS
DIEEHC 33 % BT 47 0 REAZ Mok o P BI R
RHBHTEL BB, REERIAVOT,
BB LT, FRE bR S.

6. MSEtE LoMETE, —MEERH 0%
A, BECiEfes 2L <, FERERREoMmE
PhEZNE, Bl vz hvoThrn, §
ERHOELE, B, oS RNz
& AR MM s EER, BRER
A EEBHED RN B, Db 5 AR R
2, YEFHHEEOTRFIZFOMBs0T, it
BOPLEE = 2 AT BT, EERRES S
ED—2oTHBEEZBLNS., ¥l
B, FERETRBEAEM O &, & HMe X
h, 2% HvbhTEk-bDD—2THh 5
2, WRITNEBELHEB/L DAL, HA=
PR EE R/ F L b, FORE, BEE
PICizfEr 52 50, bhbhofuvic<—x
— e VTIE, 31IMeV D=F ¥ —¢, 20cm]
LG HEIGE s LB e hotz.

LIU

25~31MeV Dl H b BE=F L ¥ BT
B BHEEE ORI A ol 3 R OBEIRAY
BRI D, ToOBEHEIGHE ©oWT BE Lic i
R, Thic Bubhic B R EHHT Pvo
T, RRCIEELEBRCOTHEN, PR ED
ROBECOWTIE, choflE: LTigkas
R E ML D REDEEN DL LEL BB,

1. BROYTHEE L, it Uh-Einfo
R

2. SERFIKIEAGE S, M, 8§, B

1373

5, BERE, Wiin & RS g 5 FThE:.

3. BRI, BIE-bocbsa, B
FORPIET 5 1k L.

4. BB, BLALERLTEY
WweEZBRS,

5. KEERmBAER EEH) wouvTix, 9%
HBERINDREDERDS.
BhYEARECCEB BT L, BREBE L
WA, WEME WS E R BB EREEC
P<RBBL E T

X W

1) R Z s =¥ - BFRoOBESMH, H
Bk, 27¥, 1211—1216, mifnd24.

2) Hellriegel, W.: Krebstherapie mit schnellen
Electronen von 20-bis 30 MeV und 35 MeV
Réntgensnsrahle, Strahlenther. 121 : 481—-
494, 1963.

B AR €-z-r e v EFRBE (1)
RECHE, THRTS, 397—401, ST,

4) ek : -2 — e vEFRER (2) 5B
RESTER, 7% 88, 457-—460, FEFn374E,

) dellek : EWMBRABE AL F - <— 5o

be vic BT i, BEREE, 24%, 97—
102, MRAN394E,

6) Laughlin, J.S.: High energy electron treat-
ment planning for inhomogeneities, Bri. J,
Rad. 38 : 143—147, 1965.

7) Laughlin, J. S.: Electron-beam treatment
planning inhomogeneous tissue, Radiology,
85 : 524—531, 1965.

&) Loevinger, R., Karzmark, C.]J. and Weis-
sbluth, M.: Radiationtherapy with high-
energy electrons, Part I. Physical considera-
tions, 10 to 60 MeV, Radiology, 77 : 906—
927, 1961,

9) MW, NN, ¥M : B=xrF¥-BFRoH
kA7, BESE, 26%, 221--227, B4l
.

10) Perry, H., Tsien, K.C., Nickson, J.J. and
Laughlin, J. S.: Treatment planning in
therapeutic application of high energy elect-
rons to head and neck cases. Am. Roentg,,
88: 251—261, 1962,

11) Spira, J. and Botstein, C.: Betatron ; Elect-
ron beam 10—35 MeV, Am. J. Roentg., 88 :
262—268, 1962.

12) Tapley, N. and Fletcher, G.H.: Skin reac-
tions and tissue heterogeneity in electron
beam therapy, Part I. Clinical experience,
Radiology, 84 : 812—816, 1965,

— 47 —



1374

13) Uhlmann, E. M. and Ovadia, J.: High-
energy electrons in the treatment of malig-
nant tumors of the thorax, Radiology, 74:
265—272, 1960,

14) Veraguth, P.: Clinical experiments with
electron therapy up to 30 MeV, Brit. J.R.,
34 : 152—159, 1961.

15) Zats, L.M., von Essen, C.F. and Kaplan,
H.S.: Radiation therapy with high-energy

16) Zuppinger, A. and Veraguth, P.:

17) Zuppinger, A.:

18) Zuppinger, A.:

HAESRE R SME K288 $105

electrons, Radiology, 77 : 928—939, 1961,
Erfahrun-
gen der Therapie mit 30 MeV-Electronen,
Strahlenther, 111 : 161—166, 1960,
Brain-umour ; Syrmposium
on high-energy electrons, 389—390, Springer-
Verlag, N.Y., 1964,

High speed electron heam
therapy, Am. J.R., 99 : 932—938, 1967.

— 48 —



