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Pre-therapeutic Experiment with the Fast Neutron Beam from the Medical Research Council

1. Combination Study of X-rays and Fast Neutrons on Tumour Regression
By

Noritoshi Watanabe, M.D.* and Thomlinson, R.H., M.A., M.B., B. Chir.,
Medical Research Council, Experimental Radiopathology Research Unit, Hammersmith
Hospital, Ducane Road, London, W. 12
*Present Adress: Department of Radiology, Faculty of Medicine, University of Tokyo, Tokyo.
(Director: Prof. Tadashi MIYAKAWA, M.D.)

A proportion of anoxic cells in tumour can be altered by changing the interval time between first
dose and second dose, (Thomlinson and Craddock, 1967), by the concentration of oxygen respired during
x-irradiation using RIB 5 tumour.

This was done to determine the fast neutron R.B.E. value (Thominson, 1963; Field, 1966) and
to estimate the optimal time interval considering a proportion of anoxic cells in tumour. All the ma-
terials and methods used in this experiment have been described previously (Thomlinson, 1960, Wata-
nabe and Thomlinson, 1967, Thomlinson and Craddock, 1967). The turaours were transplanted to form
spherical masses beneath the skin of the middle portion of the abdomen, when and between 8 and
10mm. in diameter, they were irradiated with fast neutrons 700 rads at first and then with 250 kv
x-rays, just 24 hours time-interval. In these experiment 64 tumours were used. Second irradiation
with x-rays was given when the animals were breathing the gases of air, pure oxygen at 3 atms., and
when the tumours had been made anoxic by clamping the circulation. _

The results of irradiation have been determined from daily measurement of the diameters in each
dimension and from the mean time taken by each group of tumours zlike to grow to the arbitrally
chosen diameter of 20 mm.

As the result of this investigation, the R.B.E. of tumour RIB 5 was estimated in the order of 2, and

the optimal time-interval between fast neutron and x-ray was more than 24 hours.

& B @ dose modifying factor® |3 2.5~ 3.0& Xi
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EWEATWS . 4 HEREImE EOKES OIES
i, Anoxic effifaniEEh Ty, Let. o
{ﬁL‘Xﬁ, gamma FRITFOE\ oer. O

CAHTH B & LIx Hewitt, Wilson, 1959% o
data jnb>, Gray (1961%) offZin b X < FHfF
ShT5.

Bz X XEE 3,000rads DBSHC D AR (X
10710 (well-oxygenated),107%( 1 % anoxic cell),
107% (all anoxic cell) T b, [EERICHEDHD
anoxic DML 1 % LHEE S TS (Tho-
mlinson®, 1961 ; 195522, (Powers and Tolmach™
1963) .#€>C anoxic 7r#ffiffi-> % h rodioresistant
Tefiifia 2 low Le.t ORURIRIBH T4 EERB T
2% <, LELEESBERORRL LS &%
AbhTwa.

# = = o radioresistant 7 anoxic clonogenic
DB 2 B SR T 5 it s BiEk,

1) High pressure oxygen tanks® ¢ F|H

2) H;O, @ arterial infusion®

3) 5% CO.+95% Op AN A O BATR
%10)11)12)

4) Anoxic method®14
BFOHEDRDS.

HHIE AP HED LR TWAHHED 1L
L, fast neutron »F|FA 45 5. f.n. |3 anoxic
oOfifaDEHE KE { T % high Let T low
oxygen enhamement ratio % §-2>C\+% (Lamer-
tor!®, 1963 Barendsen!®, 1965). & IE i &k it
BE% 6,000rads LEXTAHB L, XH\ET DN
9 cure chance ¥, Ef 2.5mE T, fn. Tk
2.5em& g b volune L LT 1,000f512% 7% .
o FIAY b2 o mowCiBT (1937
~19424F) 2 CKEICE VT Stonel” 4 g3
Berkley @304 v, 604 v cyclotron # F
LT 249 ADEMEEEE L REFTHEL T
5. oftiud fn. ¥ ABOBEEICRANFIM
Licé ) SCEBENAERYF2TWSH, £
DO Stone O TFLAHHLD, 1) %< @
BEND E\EF o late severe damage (Z{}A
72, EVIENRE S DADDLIEDY , TOBRER
 fn ZHONEORBECICALL S5 L35

HAREZEHEME SR H2TE #1285

I B AT 5 BRIl ot BT 2% 195943
[El Medical Research Council, Hammersmith
Hospital ¢ cyclotron Unit*® @ s MLR.C
D454 wF cycltron % f\ T Stone &gy * late
skin and cutaneous damage "2 HEGHTHII L,
B ORSHE A F O MR TR L, B
AR REICA ~OFTRER A 5 L LTW15,
% ¥ B © RBE wouwtoftdr 2K o
M BVTHERL A R, B30~ 1000 @
““average skin erythema reaction’ 4Lt L 1T

1) Single dose ® & % R.BE™ 2.5+ 0.3

2)  64r# (13HET) 3.3+ 0.3

3) 94l 2.7+ 0.3
1557 4.1+ 0.3

B, SEoEfz 48, RBE. »nKEL
X, 1EEOfEE L LickiE s RB.E. 5k
E¥{ighz Lumoic.

Stone D04 F (9~1843E/3 ~9W) T
o R.B.E. |1 3.67T late skin damage |23~ %
R.B.E. % 6 L) |- &3 % acute erythemadose i>-%
o 1~ 1.7f& L. Zhit Hammersmith
DOFEOERFER L L T, fE-2T Stone 4
DEFRGITRICFIOEH OO £V ilE, aHls
iz RB.E. oL icia® 25 & X BFH
k5. BIb—ERD dose 525 L%, 1[EhE:
b l, /EIEECEHTIN. B o 2 X
X TAY LS., WC fn. @ low oxygen
enhancemant ratio o) SO HF|% &b & (Bewley,
Hornsey'®29, 1954) ¢ data =X 5 &, M.R.C.
» 6MeV o fn. ¢ @ oer. |3 1.6~ 1.8
SEERA. X, 19634 Alper M Lz anoxic
gain factor'®G (1 X# & fin. @ oer. DG=
3.1/ 1.7= 1.8Cfbhsb. oz ik, 8Me
V oX§te 6MeV o fin. % BRB E, well-
oxygenated cells |2 {35 [f]— D g R & 5 2 /g
736, anoxic cells f2i3 fn. @ FH380% DR
ke Zie LR CRER T 2 HERTLOTH S .

WCHIE & 7 B ok, 1) 8K 2)
f.n. BG40 Recovery D TH 5.

4 MR.C. 0 fin. JBSET 5 K& ¥k
T, OB X EROERE TR0 THRE
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(1) [h#y : John’s strain ¢ Wister %5 o, |
2R

(2) JiE#5 : RIB; tumour (Thomlinson,]1955)
DECTBMENES % {5/, 8 ~100m T SEBREY
.

(3) B4 :1) M.R.C. MeV o fin 700
rads 24FpfH]#%ic 250kVp Xerays Co 4l
ToE4t.

1) O, 34/H, 2) Air, 3) Anoxia o4
#{EDH 500, 750, 1,000rads, 1500rads % B4}
Liz.

1H6EET S,

(4) #EEO¥TE : RIB; tumour o 3 Jja#k
HHEHT S .

EF OB, SEELET ORI HEE
5 L7 (R.H. Thomlinson®? and Miss E.A
Craddock, 1960, 1967) (Watanabe!® and Tho-
ralinson, 1967) .

o =R

B 1 ik 4Eo 1st dose: @ 700rads (f.n) 2

nd dose X-rays 24hrs interval ¢y air, anoxia, Q,

Fig. 1 Tumour RIB

0, at 3atm.

- Air
_ Anoxia

10F Ist dose :fast neutron 700 rads
2nd dose : X-rays
(24 hrs interval)

1 ’ 3I 4

Dose in kilorads
3 Atms. DEBRIERLER Lich DT, FELH
Wl b FRSIBAARE O tumour 9 mpl20mERICE
HECE LK TRLTH 5. Fig. 2133

Time faken to grow from 9mm. diam.to 20 mm. di
= 3
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Fig. 2 Tumour RIB,

_days
02 3 atm
30 Single dose of X-rays
25F
Lo Air
20 ,/’ / Anoxia
B /f /

=)

/

Dose in kilorads

L]
T

Time taken to grow from 9mm. diam. 1o 20 mm. diam

Fig. 3 Dose in Kilorads
2 3 4

1
i
S
\\ Anoxia(X-ray alone, i)
e\ Air (Neutron+Xeray)
o3
107
\\ Air(¥-ray along)

Oxygen 3atms

Ist dose : Fast neutron (6MaV) 700 rads
2nd dose = X-rays (250KV)

DR A RTh o (Xerays, single exposure) ¢
H%5. Fig. 1 Xy fn oBHHEOIEE » 9 mE
FE X D20mERCES BEL14.3TH Y, Zh
G % X AR 2R RS OB A1 1,400rads ¢ %
H. $€2T fn. o B4 700rads b fn. o
RIB; [@#Hic>v-To R.B.E. 13 1,400/ 700=
2.0&78%. Fig.3.% Fig.—1, 2%AR L &
bDTCH%. RIB; tumourd (Fifgl mixed popu-
lation & L) odch® 5 anoxic YLl E )
1% (Thomlinson®® and Gray, 1955) * XHC
Bh, Fig. 213491 %o anoxic fifan v~r1%
ARTIDTHBH, Fig.—2 o fin 700rads+X-
rays Z24hr interval @3 > mixed population
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sz anoxic DIl >THML, ¥3~4
%@ anoxic IS HEERELLTVS.
Discussion

Fig-5 % RIB, iEg o X f.n. BH O KSR
FTroEBRiERY 7T S D TH % (Thomlinsion'®
1963). = DB A EI0A BOEFOKE SR D
>THE Lic R.B.E.(air)= 1,800/ 1,100= 1.7

(25mmERR) TH5H. AFBToO RBE X 2.0
(20mE R e ) . WFhoERICE T H RIB;
EE 1 BemE N ThHD, X, TOHEKRELE
H325mn, 20mmEER & fix 5% Dr. S. Field®® 50
RIB; JE (&) o25mERicics B L b 0¥
Eeik RBE 13§ 2.0& xhT\5. Skind30
~ 100 H @ reaction I b Zfz cyclctron group @
R.B.E 1, Single exposure ‘¢i% R.B.E® ; 2.5
+ 0.32XhTWw5b. WFhic LT BT
<o RBE @HE Lz i L, single frac-
tionation OfiA: B b 2 & FMIcER LT 5 b
EHhipHEEibhb.

Fig. 4 R.H. Thomlinson (1966)

=

=
T

in 1

D [E

R=
T

/ 2nd (ray,in this Exp)

Proportion of anoxic clonogenic cells, per cent

Life history of a tumour

Fig- 4 203 anoxic cells o x» KA L L
DTHD. EEIIEFT/HI L (A) & ZXER
anoxic OE|EIIA IR, WECEEHRKE S
fe BT, anoxic OELS HIIMLT—B—
LTk, RIB; EFOEHAR 1% @ anoxic jg
Waz4ty (C) tiieis. &, Ry TH1ME
DBE R 2, ko well-oxygenated i

BAE 2R SE SR B2TE §12F

far Xk < BHERIGLTHEEL, [EFO F Tk
radioresistant 7r anoxic Fr#fifanri G AEIE »
WinL—D—, EA5HME (E) kT, HUO4E
RO REC/EY, B L TRNE,
OfESEHC e % anoxic 7efifan 3B &R
L (F) LT A, Wiz cellcycle time,
numbs of inzured cells [ BHRTHbOTHS.

(G) =4 2xE kMg re-growing TZhik
f@4t% o enviroment H1d cell-cycle time [ B
@aipAh . H—iL 2nd irrad ¢ optimal 7p & &
THBH., DWTIRIeBN, ZhikzolEFok
BT ID2TRE-ELTWLS.

P TAERTET fing 700rads G L T24
B3 \ T X R FRS Lo, % Do anoxic
B OEEHF 4 % &\ 5 HEE I 2nd exposure
51 Fig- 4 oehTF of@dicd b, (C) o level
Lbh ko, Fig. amnbEL i Ry (H) @
optimal 7¢ 2nd irrad. i bR Az D A

Fig. 5 Tumour RIB,

Days
30 Da X
251 Anoxic. N
Ak, Anoxic.X
20t
5 /
10 /!OE © @ RBE
[ ’ T B,
//Dz 1000R 1000R 1
/ Air 1800R“T100R 1.7
st /f " Anoxia G400R 1400R 24
~ 06y 34 14
H 4/ GF 34424
:

2 3 4
Dose in kilorads

B p24hr 13 F 25T ¥ B (5 < 2nd Exposure)
Nebhlc LRRIFATETH A 5. 1966520
Thomlinson ¢ RIB; &2\ T @ 1st-X-rays,
2nd X-rays 24hr interval ¢ anoxic Jo#AfaikIE
FEEL (1 HUTF) LTwbaHEEZRELTWD
7, COFEBLELABIC LT, fn. BEE
@ (Recovey) ' Xerays O¥g L hdbk<hd

. R
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FITHE S D T ¢ & 5. Neutron [REE O
Recovery 37 XOBAD TR \VER +4
KRB S Tiewdd, Lo Fowler (1966)
B data J h HZ - Hammersmith DR DL
TXH O gL { b, fn. (Dn—D))/n_,
P~y TH O ERE SR TS, Dn (n 4
#IT Single Dose Dy L [ 42 %h B4 4k
THE).

Dn-D; (additional dose required due to

recovly or repair processes)

l (Dn—D,)/n-, : The additional dose per

fraction

—

Bl fin. @555 recovery W3 repair processes
TXME D BLO Ok EREIRT V5.

%, Hornsey, Silini!® (1965)}1, ascites tumou.-
cells @ Sublethal inzury .5, ¢) recovery |1 fin
LXMOIFAUHEETHHE L, X, BHS AKD
intestinal death I n3¥|% L7~ mouse FEY
Xt o Dy—Dy= 400rads, f.n }350rads - s
LT, Zofipb recovery (14 0 FEnt5
DRAMOWEIC IO TEIFHLELBh T W50
T, Lo QJEARB LT, WA A EIc
TLOHROLTHMUEL 0D TL B,

w R

Ist dose:f.n 700rads,2nd dose X-rays ¢ 500,
750, 1,000, 1,500rads % [ffii4 air anoxia,
O, 3atm DEEERL(:F T, RIB, tumour 2 (i
LTERETOk.

1) RIB; tumour @ R.B.E % 2.0CH%-.

2) ZAREEETo24hr interval 13> tumour
rd anoxic cells DEI&4H 1 % X b ok
BBLEZLRD.

FEOTH 2 B H D IBGHR24B5 R A F oo RiIB % 3o
WCRBHT & LELS.

()

M.R.C. Cyclotron il @ f& % &~ 5h = Miss,
T. Alper, Prof. Fowler (Royal postgraduate Medical
school, London), Cyclotron group Dr. S. Field, Dr.
Parnell, Mr. T. Johnes. =@+ 5 & d6ic. [EISHH

OEMIIEB 2 F & 272 Miss, E.A, Craddock, Miss
Stagg Lesley o v 7= L2,
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