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Effects of single or multifractionated irradiation with 2 MeV
fast neutrons on CsH mouie mammary carcinoma”
Tsunemoto, H., Kutsutani, Y., Koike, S., Ando, K. and Furukawa, S.

Division ol Clinical Research, National Institute of Radiological Sciences

Research Code No.: 407
Key Words:  Fast neutron, C3H mouse mammary carcinoma, Fast
neutron therapy, Dose distribution, Reoxygenation

Fast neutron therapy is under clinical trials at several radiotherapy centers, and is advocated by the
radiobiological findings such as low oxygen enhancement ratio (OER). However, there are some prob-
lems, such as optimum treatment scheme or clinical indications, which should be solved before the routine
application of fast neutrons.

A series of experiments was carried out to investigate the effect of single or fractionated irradiation
of fast neutrons on tumor tissue. First generation isotransplants of a mouse mammary carcinoma which
arosc spontancousely in a female Cghl mouse were used. Tumors were irradiated with 200 KV x-rays
or 2 MeV fast neutrons. The latter was obtained by a van de Graaff generator by bombarding a thick
Beryllium target with 2.8 MeV deuterons. Experimental assay method was the estimation ol a growth
delay time of irradiated tumors. Average growth delay times were plotted on a semilogarithmic graph
as a function of dose and the relative biological effectiveness (RBE) was estimated.

RBE after a single dose irradiation increased with increasing dose, when tumors were irradiated
under aerobic condition. RBE to produce a growth delay of 20 or 50 days was 2.6 or 3.1 respectively.
On the other hand, if the irradiation was given under hypoxic condition, RBE to produce 10 or 20 days’
delay was 3.5 or 3.1 respectively. For the fractionated dose irradiations, a treatment regime of 3 times
a week was used, i.e., six equal doses were given in two wecks. The growth delay time after a single 600
rads of fast neutrons was 21.8 days while it prolonged to 24.6 days if the same total dose was given in 6
fractions. A similar result was observed after a larger neutron dose. On the other hand, fractionated

x-ray doses were less effective than a single dose. 'The growth delay time was 60.1 or 40.6 days for tumors
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irradiated with a single dose or six doses of 4800 rads.
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These results might be interpreted by some fectures of high LET radiations that tumor cells irradiated

with fast neutrons were capable of repairing sublethal damage less extensively than those irradiated with

x-rays and that chronically hypoxic tumor cells might be sterilized more effectively by fast neutrons than

by x-rays. The latter phenomenum might lead to extensive reoxygenation after neutron dose and thus

the effectiveness of fractionated neutron doses.
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Table 1 Exerimenal design for fractionated irradiations of x-rays or fast neutrons.
Effects for single doses and its six equal dose fractionations are compared.
Mon. | Tues. | Wed. | Turs. | Fri. Sat. Sun. | Mon. | Tues. l Wed. | Turs, | Fri.
1 | 3000 1 |
2 | 500 500 500 | 500 500 | | 500
3‘ 3 300 | 300 300 300 300 | 300 I 300 300 300 300
s |4 | 4800 :
5 | 800 800 800 800 | 800 | 800
6 | 4000 i |
o [ L | 600 ; i
g2 100 100 100 100 100 | 100
g 3| 1000 [
4] 170 170 170 170 170 | 170
5000 L, 2BEEEERAfTcoizfiogrowth delay-time
- %, HHEIRSHRE O total dose % 1 [mESHL
k / 7B X BT B T LI kD, BB 5 A EIR
| A ol Uic . XERC X 5 4 S i g F26mc i
- | 300 rads %58 5 (o], 2 MREMEGTH Ay v —
m
; / A% ighn Lz,
—1000f # =R
SRR N S CoH < v 2D HRFEEAM L, £0 in vivo B
2 oo p I WIS 0 s bt &, BIImORE A
> |\+ BisCHEMTE & kit 3 e Hawkest® o 5
\
- B \
E L\l 104~
5 1 -
= — -
C /
100L \ L L J _
a 10 20 30 ™ Transplanted
Days after lrradiation £
£ [ DT~ 4 6%05
Fig. 1 A regrowth curve for C;H mouse mammary
carcinoma irradiated with 2000 rads of x-rays. g 103l
T shows a growth delay time, which define .; F
the days required for the tumor to regrow to its - C L LU
initial volume. ;: N DT — 90423
X, BHDIL T4 Bigss Air breath- =
ing (air) ORAE, H L OMEHH Hypoxic 7oikfE |
B I
Tk CFhFh 1 [ERESf L, regrowth curve % }
f"Fo?tC. ﬁg}@ Hypoxic ;ﬁtﬁ%*i Fﬁ%‘]’l‘:}%ﬁﬁl H - [ n‘. 1 1 I 1 ! |
0

BEREE 7S v THolicrBT L E L.
b) 43 EIRE AT SRR -
Table 1Tz X 91, A3 EIOSEIZEEARE

10 20 30 o0 10 20 30 40 50 6O

| Days)

Fig. 2 Growth curves for spontaneous and transpl-
anted C,H mouse mammary carcinoma.
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BHT, ZOERTE T HRRBAAN, B
O 1 {HARfEESS o Doubling time |3 Fh%Fh
9.0k 2.3H, 4.6% 0.5H 72 W B LB
139 4 AMEM < oot (Fig. 2).
(1) CH/He BAfiFJEORBE :

AT, X 1ERS L, %o delay-
time P, AN S = L, dose
response curve #{fE->7- (Fig. 3).

Bﬂr
Neutrons X rays
mnr o
60k R BE
jxd A Air (Hypoxic)

50 / — 11
@4 e — 10
E ' /

._an_ ﬂ/ o// — 29

N A
s

D/y — 25 (395)

Dose in K rads

Fig. 3 Dose response curves for C;H mouse ma-
mmary carcinoma, irradiated with 2 MeV fast
neutrons or 200 KV x-rays under aerobic or hy-
poxic conditions, RBE values for each fraction
are presented. Closed circles or triangles show
the results, obtained under hypoxic condition.

Xi## o> dose response curve (%, TEE 1,000
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kﬁﬁm<fh,Xﬁ%ﬁn;a%%uﬁTLf

. % L TR A4,000 rads L b X Siciiind
% & Ewélﬁi#:ub IRBARS 2 LD b E LD
Wigote, i, AT LB B o dose
response (I FIFELIC AT,

AR A IR L e 35 @ o dose res-
ponse (} Hypoxia, % % \ i3 air breathing DA
TR EAEZED RIS 2D, XEE RS L
47, Hypoxia, %5 X 0F air breathing Yo dose
response curve | 500 rads [ffyr-cHii, Hypoxic
RREIC 313 % X OB RILLPEL T2 T 5.
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Fig. 4 Regrowth curves for C,H mouse mammary
carcinoma irradiated with a single or six fracti-
onated doses of 4800rads x-rays. Regrowth curve
for a single dose of 4000 rads x-rays is shown in
this figure for comparison,

Fig. 4 (XX 800 rads % [, 7k, &WEDM S
Bl Zh BS L, Fh k2 BRoS07 Be
&, X##4,800 rads % 1 [AJEG Li-BRo regrowth
curve % jRL, delay-time i3 h*h 60.1H,
40.6H &7 b, 1[EIEEHZ L % delay-time |34
HIRS A o B X hEWL. 2 LTXE 4,000
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rads 1 [EfEEH 1 ¥ % delay-time 39.0Hi% 800
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Tieib, X 800 rads EHH 2 FEiIT #Y 130
rads MM T BRI LR TWB EE2 LT &
PTED.
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AEfREHc X 5 delay-time (¥ 1 [EJRETD B X D
BIERELTW5.

Fig. 53 dirp ¥4 600 rads % 1 [E]E L7z 85
&, BIEDAY P 2 — AT 6 DSBS Lick
@ regrowth curve % 77 L, Fig. 6 i3 kT3

1,000 rads % 4R 1 [@IES, 6 /EIRSH Lic
o> regrowth curve %751, Wil x4
@ L7zl delay-time 2. F LT, 4@Eo
DEBEHEE 2 £ WEBE, Thobb 1R 4
170 rads & L 7z #5450 delay-time (3 100 rads
LR DR,

Table 2 3FERFHEIC L2 TRDIKER
D delay-time %R L, XHRO @HRE% 3,000
rads & Liciify, ERAr o — A% B2 Th1
EIESHC # &% delay-time DOIERIT 4-HIFESHEE

10.0

T 1 T Tl
",

SN

Volume }

o
L]

Tume

1 "‘
" . 9‘/
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05(- \ ¢/ . .
= -O [+] 100 rads x 6
S i

(Relative
T
o>
>
o

o1

L 1 H ! 1 L )
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Fig. 5 Regrowth curves for C,;H mouse mammary
carcinoma irradiated with fast neutrons, a single
dose or six fractionated doses of G600 rads.
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=
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4
—
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Fig. 6 Regrowth curves for C,H mouse mammary
carcinoma irradialed with a single or six fractio-
nated doses of 1000 rads of fast neutrons.

Table 2 Growth delay times for C,H mouse
mammary carcinoma irradiated with single
doses on fractionated doses of x-rays or fast

neutrons.
X-Rays
Schedule ofm_ Delay-Times
Irradiation (Days)
3000 radsx ] eeeecemrnenramameneeenn23 0k 3.9

500 radsx 3 ~weekx 2 weeks ------19.3+ (.0
300 radsx 5 ~weekx 2 weeks -+ 21.3% 9.4

AB00 rads ¢ 1 ceeeeeremiieee B0, 117.3
800 radsx 3 “weekx 2 weeks ------40.64 9.6
4000 rads ® ] ceeeeeeieiiienn39 0 7.3

Fast Neutrons

Schedule of Delay-Times

Irradiation (Days)
GO0 TAdSX ] voeererrnrsnrsnrnnsnnennnnnns .-21.8:'J: 5.2 |
100 radsx 3 “week x 2 weeks ------24 .6 3.6 |

| 1000 radsx 1 -oemerrrremereenieiensicnnie 43.8414 '

| 170 radsx 3 ~“week x 2 weeks .-+ 48.0£15

Bz Lol sl
5 OW
[ s i #910% o hypoxic cell 2377
L, BaoRe ke EETsLEL LR T
5. LT, FERIERCHT A EPETROX
BITHT5 R B ER, MEXER EREM, Tk
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b MmES, KAEES (R, M5
fEL DizlA ErkEic ERmRTY. EREHIC
b{#ic hypoxic cell LM GEh TW5 L E2
BhTwa8, B hRs & xsricdi
"R

Field® ¢ fibrosarcoma RIB-5 % fj\ 7z EE Iz
LA L, XfpEgtc X% dose response iz HH s
ic Hypoxic cell ofF#ni4 L b, D[
(% 1,500 rads 23 & % & FEWicie s, K, 7
MeV e FHc X % [ dose response |z
EXERT RS bR Bl iR, Lo TX
MEEAY 1,500 rads kD %< 7B & PR O
RBE(12.08X 12.47, 3.54, %%\ i33.68& K
ElefEa R 2 Licie s, [ Ui Hawkes'?
> CyH mammary tumor o 1 (R HEIEY 1= o
WT Z bbb, hypoxic cell 2 X % BT

2,000 rad 3 < TH M EigDoTuwie. L L,
H RSB Js Tk, dose response curve |-
T hypoxic cell 4ific k% B8 3 ZH{Cioy-.
BAENEY; o doubling time 3 EARFEA:JEME X »
B, Mo fT A &A% hypoxic cell o3k
LB BB L Mg TES. HIl'® o
2T% 1,500~ 5,000 rads fjo> R B Effips 2.7~

3.1 K&, SEo EEEER »ich 1T
fz. Fig. 3 THGA 7o X 51 1,000 rads % B
LTX#§Eo dose response curve (LfEmicich,
X X A& AR 1L, RIB-5 Sarcoma, i %
Wit CgH mammary tumor % fj\ f- FEE 2 |6
i hypoxic cell mF#IL#E 2 bhk5.

AIIDFERIC X oT RS hic CH/He Bl
O R B EiL Aizawal = L% ¥ MEIEOR B E

1.9~ 24, X h k&L,

LIHT, BHRERDIR LA ETRTH %45
TS & L CER SR TS, 2 LTSRS
RS ERRTFLEELE>TS.

a) sublethal damage @ repair.

b) mitotic delay.

c) 7N partial synchrony.

d) repopulation rate.

e) connective tissue ¢S DL,
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f) hypoxic cell ¢ reoxygenation.

EB LT DX HRETH S . Ficreoxygenation
SRR L D THEE L Xz, Reoxygenation
%, Eho aerobic cell BX I k> THh+E
Ea3h, #H L LT hypoxic cell 7% reoxygenate
ShBBRPHIETH, Thifi & ke
T4

Thomlinson o> fibrosarcoma Ci%, X& 1,500
rads A 5145 18~2485 1], Howes'™ ¢ CgH 1 fibf;
BAEFLIE Til48REfEIEIC reoxygenation [29FG &
7z % . Cheshire® ¢ CgH mouse i mammary
tumor TiE X f# 1,500 rads BHHe X > T 4, re-
oxygenation | X1B] 57 &7 59, 4,000 rads BHS
B®eWHE T ¥ % LIEEOMIIE LD, *
24~ 48R & CRET 5 .

JZTH, osteosarcoma L22LR 1zi% (3 L A & re-
oxygenation}. 2 L & b5 37272 WHT/Ht albino
mouse f3F- b HOfE T, X#i 1,000 rads fR5H36
% T, ThEiEs bhis v, Thbb, [§
BOBFRERICIE, TOMBME L »ich ¥
HToboLFTHENA, F o 1o spindle cell
fibrosarcoma SSB1(a), SSBI(b) |LHLSk=EA9IC fl
JafEl@ collagen fibil D&/ iz X > T A [KF|&
han, EPETFHRICHT S RBECEAhE
B b, Hrc Hypoxic cell ¢ B8 Z kb
I MEFRR I T O ZR D EH K& £, hypoxic
cell DIADREF DB b BWE T X /19,

By IEIEIC 63 % i A AR O ERIG I 35\
Th, SEREHRE, BMEL S TOWTok
MRLETHD .

Barendsen® |2 X % L, %, I @ R-1 rhabdo-
myosarcoma [Z15MeV g F4i50, 70 rads 7
daily dose & L Ci#l 5 B HIES Licia, XA
i+ % RBEL 2.3, 2.2, daily dose % 100
rads 3% L RBEIL 3.4~ 4,327 b, 100
rads IR D4 ClL repopulation o f-¥biz R
PEFEOREN HE Lic {\». Field? oEEi
L% L 1,500~2,500 rads o> X 8 ORI T4k
IR C 5 Mo HIRS Lic 856, 59 EIRE o
RBEZ I ERML DT hTwS.
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Fowler?® ¢ C,H =7 % mammary tumor %
FCcEERIC VT, R AR o BRATRHIRE &
1 B E ORI A Z L.

Tig bbb, HAPEETER 600 rads A 1 [EMEGE L
FeBED XS+ 5 RB EWL 2.6 0.6, —J,
HAPPET#R 330 rads % 9 H[HE) I 5 [EIRSH L7z Iy
DR BEX 2.6 0.3, 180 rads % 18F [ilic 9 @
BH Lz Bic i 3.3F 0.6& e b, 1[EEEY
180 rads & L7cHED 4 EIBHBRELKLE L. 20
W | B O EIRGHERES K E WHE, X
X % reoxygenation [ X BN REAMEFCE D0
TR OSSR e ST, SER RSV
S WRFIC IR TR D repaire BHELHREH X H
IEXY, RBEZKEL D LHMEhAE. IE
WAAMEESEO ®X b, 1[E 200 rads Ll ko fHE
WX DR O EIRBAIER cE W&
% Widerde®® o BEGIIIRZEN B 5 . HrpikFH#
HEEGCEL 100~ 200 rads RO R X 5 4
BHEPBELTANDBLITHA.

2 MeV JirdEF# 100 rads, 170 rads % CzH/
He —~ v ABHILM 1 6 &G L < ko 7o
growth delay (%, 600 rads, 1,000 rads % 1 [aG]fig
Uk v IER L, REXAR 800 rads % 6@l
LrEiEgt L7z growth delay | total dose 4,800
rads @ | [a]fEHh G B Te a0t

iz, drdEriic X 5 g S, TSD
(target surface distance) 75 f@mhDofcfzwdod Hi)
YL RO E Y & R XV bk
e, LU, iihdF#o repair [HEZ)R O L
iz, hypoxic cell 12 %35 RO FERE LTO
reoxygenation % ik Ei, 1[EEHY EEb5
MR O SRR SR, B ORI L ELS.

L [a| > EERZEI LT, XHC L Hreoxygenation
T B fodic i 800 rads Dl ko> fiEsS MBE
L#E 5 b, YERijic reoxygenation [T EE e A
ERBEREMT H Z LAEE BRI T,
b iR B 5 .

i3, Kaplan'®, Withers?® iz Lo, [EEE
JZ &s1F % hypoxic cell OFEFHITOT BEfiH
FF BT\ 5%, repair capacity @ KX\ Jf

HORIE o s e M3 368 HI12%

B, H5\LEFKE < hypoxic cell DR
D ETFRTE RIS CTE, EPHET#
LN B SERFRTHS .

in vivo |[Z3¥51) % potentially lethal damage o
repair {LHEHETFEIC I TRV, Sk
MR o T 1o EEMEA R LT
VWAM, ZOFHIIESBROBETHA 5.

EI

CyH/He -= v ABEFLIGIC 2 MeV JEd T,
XA L0, H5\XEHHEMRH L, s T
FRERCBY T 5 TR 2 177 2.

(1) ErpPEF#R L0 g X 5 RBEW,
growth delay time 7310, 20, 30, 40, 50Hiz-2
WT, Fhidh 2.5, 2.6, 2.9, 3.0, 3.1&
o b XERED K& VIO fEA KE . XERED
1,000 rads %+ ¥ % L hypoxic cell o I %8
#' dose response curve O _icZ b Bt

(2) ERIRIBGHREREA Y £ o —n 1C Lic B8
W, O 3 [EIESH A AR L LK RIC BT, i
HFROBEHRIXB L VT Sh Tk,

(3)  EHepET RO BIIRSSRI A, e By
N O P ETFRS S EIRS © BRic X, sub-
lethal damage I 1 0> repair Ofifii=, potentially
lethal damage ¢ repair, X HZ §558 L2 LT o
reoxygenation 7g & Z)Ras, EhEHEELHE
FLLTHRLEI EELS.

ABF%E OB B RH34, 350 H AR E R SR,
4 1 vt 5th International congress of Radiation Research
(Seattle) B \THRHEL 7z,

ieds, WRPE o —# 54 0 A I BF JE 4% o SR e X
o,
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