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® & #  #%* R.H. Thomlinson

FREAZEZRTESRERSE GFE: g ESR
Medical Research Council Experimental Rediopathology Research Unit. England.

(#4246 A13H M)

Factors Modifying the Effect of Single Dose of X-rays on
Regression of the Tranplanted RIB5 Tumour
I) Effect of Breathing 5% Carbon Dioxide and 95%, Oxygen

at Atmospheric Pressure on Tumour Regression
By

Noritoshi Watanabe, M.D*., and R.H. Thomlinson, M.A., M.B., B. Chir.,
Medical Research Council, Experimental Radiopathology Research Unit, Hammersmith Hospital,
Ducane Road, London, W. 12, ENGLAND.

Radiosensitivity of the fibrosarcoma R.L.B.. 5 in rats were studied at various atmospheric conditions.
This was done because the radiosensitivity of the tumour can be altered by changing the concentration of
oxygen respired during irradiation (Thomlinson and Craddock, 1967) and because the breathing of carbon
dioxide has been shown to increase the sensitivity of tumour in mice (du Sault et al, 1963; W.R. Inch et
al, 1966).

The tumours were transplanted to form spherical masses beneath the skin of the flank and were ir-
radiated with 250 kv x-rays when they were between 8 and 10 mm. in diameter. One hundred and thirty
five tumours were used, and the mean diameter of the tumours at the time of irradiation was 8.8 1+ 0.23
mm. Irradiation was given when the animals were breathing the following gases: air, pure oxygen at
3 atms, 5%, carbon dioxide and 95% oxygen at atmospheric pressure, and when the tumours had been

made anoxic by clamping the circulation.
The results of irradiation were determined from daily measurement of the size of tumours and from

the mean time taken by each grous of tumours to grow to the diameter of 20 mm.
The radiosensitivity of tumours were divided into aerobic (radiosensitive) fraction and anaerobic,

radioresistant fraction.

* Present adress: Department of Radiology, Faculty of Medicine, University of Tokyo, Tokyo, JAPAN.
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The aerobic fraction increased as oxygen concentration increased and as oxygen pressure increased.

However, there was no significant difference between gas mixture at 1 atms. group and 1009, pure

oxygen at 3 atms. group when both of groups were irradiated with single dose of 1.500 rads. Therefore,

this gas mixture inhalation at atmospheric pressure is entitled to be a chosen therapeutic techinique among

those investigated.

w F

BHEES O RS RRIC S W CRERFE TR
B3 %P8 hyperbaric oxygen therapy #iRiT
EY EFbh T2, ToEmNREATEL
T, 1 &, ENEERRETCH M
5 BSROBRIFEHEE T L, 2) WA
Y OECIEREBRE T AEFT s llanEe
FETDH L, 3) [Ef% anoxic DRABICH
XD a0 BEHRESZ ME T T 4002
Fohtwas, 2hbofiEl, ¢ Oxygen effect ™’
WRBEW, 19094 Schwarz® & X oTRANC 3B
Do, TOHEL OBERENLSh TR

(Jolly®, 1924 ; Mottram®, 1924, 1936% ; Mot-
tram® and Eidinow, 1932 ; Crabtree®, 1932 ;
Crabtree™® and Cramer,1933, 1934; Lacassagne®,
1942 ; Evans'®, Goodrich and Slaughter, 1942 ;
Thoday!? and Read, 1947 ; Dowdy!®, Benett
and Chastain, 1950) . fif LT, Gray (195312,
1959', 1961'94F) 4 X0 Tig Shi-iEiX,
T DEEHEL NEOBAHIEIRICH L@ » b
, L DOANOTEERG EDOT .

RS DERIC e T DA TRULES & Mllfla o BRI
T A BN, ¥ Alper'® L Howard-
Flanders (19564F) @ E. Coli i3 %5 X2
THERR &, ¥\ ~T Gray & Deschner!™ (19594E)
@, X Elkind'® (19654F) O#iEdRHh 3.
Z O oxygen concentration (tension) & radio-
sensitivity » o#HEH 4 fRix Fig. 1 TRXRh%. =
& FEFEORET AL OB e FivFz Barend-
sen'® (19614F) WX OTHHHEIhTWE. &
D H —FDNT Gray® (19534F) 13 “ BRI
EMR 0B ERT B0l T, radiosensitivity @
BHELHEMNR AR " EFHHALTWS. X LT
X, DRI O ICEERIEED > T ) radio-
sensitivity HFRA LB BT 7B " R E | X0

Figure 1. Curves relating the radiosensitivity of
cells in arbitary units to the oxygenconce-
ntration in their enviroment at the time of
irradiation (Deschner and Gray: Ehrlich
ascites tumour cells,Elkind and his colleag-
ues: Chinese hamster cells; Alper and Ho-
ward-Flanders: E. Coli)
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Radiosensitivity
s

. i ; trafi
.20. 40! E.D ‘BD. ](?D Oxygen concim }?'l tlgg
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0 WOEN (amHg at3T'c)

DAL DA — T EZHERHERS . &
OfF[A ¢ general in nature,, TH b, Hht
EHiOEED “oxygen effect” %% b HTH
%. BHIDREILEZED EFITOWT Gray'®
(19614F) vk, 3 LEEFE» 4mbgo & %, HA%)
ROVETHHREREL TS, £ LT20mbg
(mixed venous blood DFEMY,) #H5 1,200mm
Hg ( 100% oxygen 1';5HE) W EHALTYH, #
BHNCiE, 10% Las radiosensitivity|3 | & 7o\ 25
THELTWS. COBRBEL B AREC
3 2 BRORA L METsd0THS. 2
THBOBSREZE T 5EmRBE Y, &8
ERCERCMEONM Licdo &, L
SRIEEH DO T 2o Ofifad proportion
CRWEBERT b OTHS. & THARAR
ELinn o Lk, ZORCHEYE O&TRIIRE L %
UK BRI E o # fik bz ““clonogenic cell”
BHBD, ELOBREICHDON, LWHHETH
5. T DfEf anoxic clonogenic fr/NEr oD
» BT OMKEL, b L oxygen electrode ¢
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WELTHRTH, RLTEXOBHENE LD
ThHh, XEOBHACH % Mllan clonogic ¢
BHBHE S e B EILED TR ME T 5
5.

C ORI LT Gray™ (19614F) 1%,
Hewitt?® L Wilson (19594E) o data o3y,
anoxic cells ¢ mixed population t ¢yE| &% 5t
FLk (Fig.2).

Figure 2. Typical cell survival curves for cells

under anoxic and oxygenated conditions and
a composite curve for a mixed population of

1 % anoxic cells in 992 oxygenated cells
(Powers and Tolmach)
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=
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S= 0

% f- .

E3r ! ’\,\Anoxic cells

£4 \_\ . '

= hE % “\

= E} X \ S

=N \ .

0 = | Oxygenatedy, Mixed anoxic and
Al & calls % Wgenaieed cells

Dose

Figure 3. Cell survival curves showing the
effect of varying the respired oxygen conc-
entration on the anoxic component of the
composite survival curue for a mixed popu-
lation of cells (Powers and Tolmach)

- Tumours irradiated with mice
breathing air )
—— Tumours irradiated in dead mice

9 — — Cells irradiated in vitro
51\
=5 ——— Mice breathing 02at 42 Ib/s.q.
g 2r N infor 5 min. > !
- 3k
£ i
-
= N
s =L ’
o 0 ~
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M, Fig.3(x Powers? L Tolmach (1964%E)
@ data T HBHH, = MED 45H 5 i anoxic
clonogenic cell |3, #J1 Y& FhTWBEE LD
hTwa., g ofd)s <, [EE o oanoxic
TEAIID AL 0 ~50% %R LT\ 5%, Zo1
%ECIBFRLOEDERE DO L IR T

HAREZRERESHE B2TE H128

B,

Z @ anoxic 7l aerobic Tofipa & & B3 at
LCR—D%E% 5 5icik, anoxic oL, #
2.5~ 3.0f5nMEEMNE LT A, BB Z DRI

oxygen enhancement ratio A3 2.5~ 3.0L% 5 |

MIBEG O ki o SHRE R X o T
Necrosis (i & » 180p %ixichick & (Tho-
mlinson®*? and Gray, 19554F) O a#E,
anoxic T L2 THEHEEIE 7 5 F vahiu b HEY
BofilaxZA TV AEVHEENKS. T LT,
Thbo anoxic O] b oDl DR % 7
TigWwZ ik, H@OBAHRER OB A ¥ 5K
DT, BREOFEERELHIDEELBRT WA,

= @ Radioresistant 7z anoxic ¢ #fijla (Fig.
6) ERIETHHEL LT,

1) fgHI anoxic offifadiabo>T&T

2) EBOMBERL~LT

3) HBRIEOEFRELZ BRS¢
e ths.

1) 2T 1204 & LT Thomlinson?,

(19634F) O#ErH%. RIBy tumour % 3D
rat % 8 % O, Orp-C24BsEiEH, 907525
CRLTHDRHTLE, 20 2H0E 72 L ©

2,900 R [XALEH D 2,000R & FA—D%)RLET
WA, Ble, 45% @ dose-reduction pifE Bt
HI% anoxic o #fifast hypoxia o HHE% 5 5 il
fil>510 % EFECT HAREMED B D Z ERRLT
WA, AE%E - ©fE iz hypoxic &tk
Tl tEs c&chrd. X Fig.5wmd
ty L—FHchHs. Hb v @ oer i3 Xray I
DL bTHS (Fowler and Morgan
1963).

2) BEAEIERAEHA X85 Z L X2 Tanoxic
cell EEFRPA 55, ZoFkeE LT,
E, (b2, EFERCOGBARFENE 2 bR
5. flxiE, metabolic rate A X ¢ B HD
hypothermia, oxidative enzymes |z X 3 poisoning
ETHBHN, WERERME TGO TEN LS
NTVBbTThiny. ff LB OB S
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! Figure 4. Diagram of changes in the proportion
of anoxic clonogenic cells in a tumour.

100

cells, per cent

Proportion of anoxic cionogenic

Life history of a tumour

A, when a tumour is very small there are likely
to be noanoxic cells: in some tumours they
probably never occur.

B, if any anoxic cells are produced they appear
as the tumour grows.

C, the proportion becomes limited to a level ch-
aracteristic of the type of neoplasm, dependent
on its growth rate, degree of differentiation
and site.

D, if a dose of radiotion be given, R-1, the the
proportion of anyxic clonogenic cells amongst
the survivors of radiation injury rises, perhaps
to 100%. E, the proportion remains highuntil
cells divide after irradiation,

F, when cells divid irradiation injury to death,
cessation of metabolism and relative increased
availability of oxygen; the anoxic proportion
therefore falls, at a rate dependent on the cell
cycle time of the tumour and the number of
injured cells.

‘G, surviving clonogenic cells re-grow the tumour
at a rate dependent on cell-cycle time in the
post-irradiation enviroment.

H, the mean proportion of clonogenic cells reaches
at a time dependent on the type of tumour
and its growth rate, this time is optimal for a
second dose, R-2.

I, the characteristic level is restored. J, late irr-
adiation ishemia is not likely to alter the
anoxic proportion greatly unless it were prev-
iously zero

Thd, £ LUHCEKRMETHS « fraction-
ation ,, R D2) TR LTELbhThiLlk
B,

*-3°, single irradiation - well-oxygenated
DHFNIFET L, HELz Db oeFTHeETed
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Figure 5. Re-plotted experimental cell survival
curves for mouse Ehrlich ascites tumour cells
as determined by Hornsey and Silini (1963).
The survival curves for well-oxygenated
cells are superimposed by chocsing the dose
scales to have a ratio equal to the r, b, e.
of 2.2. The anoxic curves are drawn origin-
ating from 1 per cent instead of 100 per
cent, to represent a tumour containing 1 pre
cent of anoxic cells

2 1 J.F. Fowler
k=2
510
5107 N\
BN
o =5
=4 f:gs' \ 1% Anoxm
£ 10
2 0| e
A 108 bﬁ t?(? mmox
IOOD 300( 000

Neutron Dose

2000 4000 6000
X-ray dose, rads

BRI OffEr % S huE, hypoxic cells o

HIXAETFHEO 100%% 555 (Fig®4), L
o LA FERIa E FEOMERE L, hypoxic cells &) &
X, HOERG@DbOEA—Cics. o hypoxic
cells &4, FHMOHEERIRAIMNCE2T,
[EFAfaD cell cycle time BIR3%. #EoT
hypoxic cells DEI&DRR, HEIXESOHHE
DMFEC LI OTCERENGIDOTHD. T/
2\ »T Thomlinson® (19664F) 13 £ ICHEFE 35
1o RIB; (Rat) tumour % {ff LT hypoxic
cells OEE4 D EF & T oW OEREIT2
f=. & @ hypoxic cell DEIER, RED & &M
2nd dose %5z ZEHONTHS. HFL, BE
CDOFEDWTORRITEERIBER T,
ok ideal 124 BRSO R FETTHE, o0
BRI AR U EERRLRE L o fR
247\, [EiEHo anoxic ol k ARMEY5E
LR LIS DTHS .

Fig. 4 © J @4y, Bl i fractionation oo
tumour bed H B HE 1T X < 2T
23 RIS WTIL, FOBEIIRRA Krw

SSagiae
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Figure 6. X-ray and fast neutron doses required to reduce the number
of surviving cells to 0.1 (i, e. 90% chance of cure) in turaours of
various diameters in oxygenated and anoxic conditions. Neutron
doses have been multiplied by the r. b. e. (data used for calculation:
K-ray: Do—160 rads; o. e. r, —2.5; extrapolation number—2. Neu-
trons: DO—55 rads, r. b. e. --2.9, 0. e. r. —1.7, n—2)

WP
»ee o 0 ()
123510 25

neu- of
tronsigo el S )75

oxyf_lena fd Hewitt and Wilson,
§ neutrons

19 of cells anoxic | i 25§1’f} 1999

2000 4000 6000 8(}00 10000 IQUUD
X-ray doses in rads or fast neufron doses x29

¥-ray. 100% of cells
anoxic

X--ray 1% of cells

Figure 7. Curves showing the calculated effect
of slowing of the capillary circuletion on
the oxygen concentration in capillary and
venous blood. (Churchill-Davidson, Sanger
and Thomlinson, 1957) Br. J. Rad

73 . hyperbaric oxygen therapy %, [
IRED 195445373 T 38 b (Churchill2®-
Davidson, Sanger and Thomlinson,19554F, 1957
SE28 1960422973030 19664E ; Hultlorn and For-
ssberg®®, 19544), MBEDIREETL LT Lt 2

R L R e e i . : ) s

£ bhaboik, 2~3am EEL BRTWE, 4
< 2000 — —] atm 12 B LROT 2~3atm OB IC H &
2 1700 NRCR2THREIELD EZhTwb (il o &
§.]500: 55, WhPEME, R0t Vasospasm; (Thomlinson3®,
2, 1300F Lambertsen®? and his colleagues,1955, Dollery36>
£ 1100F and his colleagues, 19644F) Lo h b o & & at
ESW: —— JEBACTEECS Z 55 E 5 h 20 TiE, 112
s 100 ¥ b LTWil. $FLA2S du Sault (1962
f;: 5”“':_\ N 42) RU° W.R. Inch®® % (19664F) 1%, 5%
gu 100F— || CO,+95%, O,latm OWAN, = ADER

"¢ spontaneous mammary adenocarcinoma, lym-
phoma % {EH LT, O, 3atms LF4A LFEED
tumour curability 28T\ 5. Ui biEitic

Arfery Capillary Vein A G v

PRk, bed @ ischemia ) fibrosis %31

O DFHEEBAE B THH 5.

3) TR BRI H s LRKD
hTkic. Bls, HyOy o#ik(Hollocroft et al2e
19524% ; Silver?” and Cater, 19634E, Mallamsc
Balla and Finney, 19654%) C# b, hyperbaric
oxygen therapy TH 5. COHA, EHAOIM
BONMH RS KOs EL D L1t (Tho-
mlinson®?, Sanger and Churchill-Davidson 1957

F) B YEERFERIh TV, & DpHEE Fig.

FEOBIWER A B TV EEWME LT WS,
5% CO; +95% O, 1atm DEFHDFEEL LT
13, 1) blood pressure DI, 2) FEHIEOIL
%, 3) gas exchange DH{np bk 5h, X
Lambertsen 281z X i3 cerebral arteries ¢ vaso--
spasm A IR DH EEZ LR TW5,
FEOTHAEOBH TR L C, Z OEEFA
latms “FORAREOFHL, BEMBRRARE
DA & SRS ORE R IR S & ThiE,
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FESEFEECR W, 1) BBk 2) 4
#, 3) BEEFOFR LKL, BDTEISS
HiEEEZbhS.

AL D HANL, Rat o RIBg (fibrosarcona) %
AWT, 5% CO,+95%0; 1 atms DLHHE % air,
O, 3atms, anoxia,  FEERLMTOMBE & H
BT2b0THD. Xbh 5 BEFELEE ©

(air) B OHE L ORT, BEORERZTTS
NEShL, fRETEETS. B, du Sault
ST B bh s ke, 1 atm, pure oxygen 2
air DHEIT, FhA EHRCERA DRI WHE
bR CEETS.

KM & ERFE

AEBROMHE, FHEoEMMT WX, Bl
[AEERE ® R.H. Thomlinson (19604E3%, 1967
E) IV BEIhTWB0T, fHHEE DM
BEOLEBRBICEED S,

By ¢ John’s strain ¢ Wister & rat o % i
M, BREMEC X%, [EHBHEFOKEILR 200
grs A TH .

fE35 : Benzopyrene i FHEAR X D g Hhic
fibrsarcoma T, 19454 CRESL SR, F DEEEE
EEAZhTEY, RIB; L&A Ih T3,

SR 7 1E - RIB; tumour -4 sodium
alginate riE+, 1% NaCl 2§ FL, tumour
FroFifi% Ca-alginate DFEE-CHRE Ricd 0
%, $557 » FORIELEBC AR, ¢ sausage”
ZfED 2% rat O, AIBEMOKT @ Bl T
B

ZOFE TR Iz tumour 133F 2 T
8~10mEERE LS.

FTARTOEERIL tumour FHE, 8 ~10micinw>
TR X WEItA I h % . FRIEMIFHEE S hi
KRR, AR YBOREF CREMY IRE
L Ciraie.

B4t « Marconi Industrial Model X-ray set 250
kV, 15ma, (0.3mmCu- 1 0mmAl 400rads/min,
Target-mid tumour distance 21¢n.

#i4E1L shutter Bijffiiz4 5 monitor = controll
Liz.
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Oxygen Chamber: 5k ¢ pressure chamber
O TG & fz. chamber Py g 11thermos-
tat 30° £+ 2°Clc controll Tl Tu5. Fﬁ%’i‘
DOFICBE, Sodium-amylobariitone CHREE X
h, chamber PYiIC A, BSOS O Hp RS &
Nic. o, tumour [3fa[k MY traction 3
support 4577 FIC iz free o REE Ik R
T

EFECIEERR A A RS Shicmhix, BE o
®2mEe, R film A, BHTMCIEL
REEShi#Ex bhbifT expose L T,
BE L, IELWALE ClBS frbhicds2c i
R, Alm Xy AEHR S b DI12EH data o
MhZzhEREA L.

IMFESEER (pure oxygen 3 atm) DD ILE L,
1) %, 44 chamber p§ pZe4g % pure
oxygen T flosh out LT, ¥\~ T3 HHTE
% 3atm ¥ C LU, 3040MZOEEeiE Lk
®"T, R T2, BHEX 1 SECEECR
L. 2) 5% CO;495% O, latm D& X
W, DOEEDMED S, MEXRWETT, il
el {FAHTHS.

#E 1. Untreated control

2. in Air. 500, 1,000, 1,500, 2,000,
3,000Rads

3. O;3atm, 500, 1,000, 1,500, 2,000,
2,500Rads

4. anoxic, 2,000, 3,000, 4,000rads

5. 5% CO; 95% O; latm, 500, 1,000,

1,500, 2,000, 2,500rads

Wi d, Single exposure T H % |

Anoxic W Bk, [EENS % BEED 2 Y
v 7 CIREHHT 6 /3f] clamp up L7z,

KR, WL EREIAR OfER o igE
BE—§E LT Table 13,

wOR

FRBROMRIEH OEFER (3 R0l
fE) ZHEMEL L, BROSITE, FEERHENOE
& (8~9m) 25, 20mEREOKE ZKCESD
WELic B LHEOBIR % & SBRFEM © ik
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Table 1
Number | Mean dia-
Type of meter of tu-
animals | mours(mm.)
Untreated control 7 8.6
Rat breathing air at
atmospheric pressure
500 rads 11 8.7
1000 rads 6 8.6
1500 rads 3 8.8
2000 rads 11 9.1
3000 rads 5 8.9
Rat breathing oxygen
at § atm.
500 rads 7 8.8
1000 rads 8 9.0
1500 rads 6 8.7
2000 rads 9 9.0
2500 rads 9 8.9
Rat breathing 5 9
carbon dioxide and 959
oxygen at atm. pressure
500 rads 6 8.6
1000 rads 6 8.6
1500 rads 6 8.7
2000 rads 6 8.9
2500 rads 8 8.7
Rat irradiated with
tumour anoxic
2000 rads 9 9.0
3000 rads 6 8.5
4000 rads 6 8.7
total 135 8.840.24

Fig. & Tumour RIB, Response to Single doses

of x-rays

£

[ %]
=]

5

100% Ozlatm.

_— . = PR3 R
R - = =

Time taken to grow from 8mm. to 20 mm. diam

: days k 100% Oxygen 3atms.
. i 50021 95%0; at 1atm.
1

Anoxic

0 s 10520 3 40
—Dose x10° rads

HtsnzlickoTEbRT.

o —iEE R
Table2 /R L, M#FE LT Fig.8 w3 . X,
FT_TOET, EEcmERY - LicE,

AAREZHRMRFESHE H2TE H125

Table 2
Time taken
to gréow fr- -
om Y mm. ; confi-
Type of treatment diam. to 20 dezén:e limits
mm. diam,
(days)
Untreated control 5.7 0. 58
Rat breating air at
atmospheric pressure
500 rads 9.6 0.26
1000 rads 14.6 1.70
1500 rads 15.3 1.26
2000 rads 18.5 3.80
Anoxic tumours
2000 rads 10.6 1.80
3000 rads 14.2 2.04
4000 rads 21.4 4.14
Rat breathing oxygen
at 3 atm. pressure
500 rads 9.3 1.12
1000 rads 13.6 1.0
1500 rads 25.5 4. 40
2000 rads 31.5 2.20
Rat breathing 59,CO,
and 959 oxygen at
atm. pressure
500 rads 10.2 1.4
1000 rads 15.7 1. 52
1500 rads 22.8 3.70
2000 rads 25.3 0. 44

RESBEMENT T LIcHAE, chb
B L, % OFE i mediastinal contents,
axillar, iliac, inguinal ¢ lymphnode metastases
DEETDE L BN, FMEOBEBRITFDE
Bedeth, R, RBHABEOBR, FfeoThH
e L.

EBEFHBICONT

1) Untreated control (Fig. 9, 10)

58 9 iR 3 RRC £ E 0 EE 0 4B O RS
7v&b4icd, o RIB; [EHF 005 MHE D
FERCHELTWBZ EERRLTVS,

in Air CoOEBRERY FRENCRL, Fig

NThr—HE LD ThS.

Fig.12{% pure oxygen 3 atm.

Fig.1311 5 % CO,+95%0, 1 atm.

Fig.14{3 tumuar anoxic Ok X 0 4 5 % 5
%. Blb Fig. 14iCR4H0c tumor anoxic m
EHTiL, BHoAhE 4 tumour @ regression
& regrew (D speed b B E, fHOFEL B
T BT, Z @ anoxia ¢ tumour i radio-
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Fig. 9. Tumour RIB,. Uutreated control

30
2
%
24
2
20
18

N SE X (days)
16

20mm 7 03 57
25mm 7 04 16

Mean Diameter (mm)

1 1 1 1 1 ) 1 1 ! ! ! | | 1 |
R2 46 81012 41561182022 22 230
Days ( R=treatment day)

Fig. 10. Tumour RIB, Uutreated control

a0}

B
Fi o

. AR
£ 2}
— Nk
3 18

a
g 16

R2 4% slbm [415132|0
Days (R=treatment day)

resisdant T 5 = X AHEEHES . W, +XTD
RIS T, REOREIKE It
“2>C tumour ¢ regression r regrowing ¢ delay
K& Ig2TWw5. Figlsiwm 3 # 1 2,000
rads anoxia O¥4L Air,Op 3atm, 5% CO,+
95% O, 1atm ¢ 500rads r [@fEOEXTRL,

¥ 4,000rads anoxic ¢t %% 2,000rads air @
B LRtk R LB bhicy. 4 biological
end point %, MRG0 ES L, @ RIBg
tumour o.e.r.jx 3.0k 75, Fig. 8, Fig.15'®,

1619 ffic, dose L EERRAMG X b 20miEE c
i B D HE L OBfRE» D data 44T 5 &,
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Fig. 11. Tumour RIB,. Rats breathing air
. Control 500 rads
28+ _
%1 J/ 1000 rads
u}- ,l
22 [ml_o_rad_s
0 H M aon
18 I// L1 [.H@%id_s

4;[’ 1 H 3000 rads
14 '(H"rl’
12t /( " }/]/
10 2 |
WY H,}.IAH’

16
6
4=
2

>

Mean Diameter (mm)

1 1 1
R2 46 8101 4w 8202 222 30
Days (R=treatment day)

Fig. 12. Tumour RIB,. rats breathing pure oxy-
gen at 3 atm

30 500 rads

=il {/ 1000 rads
[
~ BF x/

gur 1500 rads
= 0F

& ek Y{)

R H

= :: *f/ K H/H/H’H 2000 rads
.

S 10

= ]{ [/H \}/H 2500 rads

= o
1 1 1 J 1

8 lb 7 16 |Ia 02 % % 2 3|0
Days (R=treatment day)

=

4k

2

_|||
R2 48

1,000rads % ¢, i anoxia O ¥RE, £
SO 2D B3, FhA RO R
LTHEDH, 1,000rads %kl T O 3atm, 5%
CO,+95% Oy, air ® 3 E DM B o B %
ARLIR® 5. 1,500rads i % & (air) BEHMb
D2FTL BT, X WEEHDRL I D, O,
3atm, & 59% CO,4-95% O, 1atm @iz i1,
Z @ Dose-level  11ifi# ORICEFEIRD b
A, 2,000rads @ level =iz, O, 3atm o
ZFUL, 5% CO.+95% Oxlatm X b 4 EFET
ENICEEREE R LI, B 1,000r 78 RIB; o
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Fig. 13. Tumour RIB;. rats breothing 5 %CO,
and 9520, at atm. pressure

Control
30 /{ 500rads
1

s 1000 rads
. fﬂ #@E@
g 22

/}/ ' 2000 rads

4*/{2500 rads
6 *‘NH-#
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=

Fig. 14, Tumour RIB, tumour anoxic
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2000 rads

} 3000 rads

Mean Diameter (mm)

| | 1
R2 46-81012 141618202 242230
Days (R=treatment day)

transition region of the dose T % .

Autopsy DR A —3E 1L ¢ Table3 4. %
EBRHOMICIER ORE OV THEREIRD
BTz,

Discussion

5% CO, # i\ T tumour oxygenation ¢
HEEIC 2 WTiL, BRic Hollocroft?®& (19514E)
DHFELENDH Y, FHETIE du Sault £ (1963°7)
W.R.Inch®® % (19664E) o = ¥ A (D spontaneous

mammary adenocarcinoma, lymphoma % {#H L

HAESRERE MRS #2278 g128

Fig. 15, Tumour RIB,

30 Control

5)3 rads in (Air, oxyaen 3atm.
/ 5%C02 85%?0; latm)

/ 2000rads Anoxic

4000 rads Anoxic

/ ”G%Orads Pl
= A 00 radsin

Py —==="" OXygen at
/ / v 3 atm.
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Days (R=treatmert day)
Fig. 16. Tumour RIB;

50 0 rads
1000 rads

f/ 1500 rads
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/A

30 L Contrg |

. 7
/A
/ : ’_/_;/4—/ -
7 / 72 o
J,’
/;

— 5% CO;SEI%O;; latm
-——100%0;  3atm
e air

! L L
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Days (R=treatment day)

TOEENRABRD, thEZEoiER, BE

1 SUEEAS pure oxygen 3atm. GD%J\MEH?%%!'&
S EAROESRAERY F o L& LT L
5. ZOERE LTz W.R. Inch® &pieic
Thi¥, 5% CO, oW A X2>T CH FH=w
AT, 1) anoxic 4y blood flow M#30
%@ H5n, 2) respiration rate @ #14 % o 14
jm, 3) capillary ¢ permialility o iin&so F|
RBRBEDRIZ EERHELTHS.

X CO, DR ARMEDIELK T = &3,

raouse, rat DRI OTMAEE L v, B
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Table 3
L Metastoses to
Type of Dose (rads) Radiation to

Treatment death (days) M. Contents| Axilla Inguinal Tiliac
200 14.9 2/6 6/6 1/6 0/6
1000 18.1 2/8 4/8 0/8 1/8
pure xrygen 1500 26.5 1/8 7/8 1/8 1/8
at 3atm 2000 38.3 3/4 3/4 1/4 1/4
23.1 8/26 20/26 3/26 3/26
500 15.0 3/6 6/6 1/6 1/6
1000 18.3 37 6/7 27 0/7
5%. co,1-95%. 1500 25.5 2/6 3/6 0/6 1/6
o:at 1 atm 2000 26.0 2/4 3/4 1/4 1/4
20.6 10/23 18/23 4/23 3/23
500 a7 0/10 7/10 1710 0/10
1000 20.5 1/6 4/6 2/6 0/6
Air 1500 22.8 2/4 4/4 1/4 2/4
2000 34.4 5/13 11/13 3/13 4/13
24.5 8/33 26/33 7/33 6/33
2000 16.3 2/6 476 1/6 0/6
W 3000 19.6 2/5 4/5 0/5 0/6
Anoxia 4000 32.2 2/6 6/6 1/6 0/6
22.9 6/17 14/17 2/17 0/17

i, B, FokfnRAbohsz i cdbabhs.
X, LEBOHMEBAOEEKL hFEDLRS.
Bt LERC St o i o e % 5 1T\ % tumour
(well vasculalized) =2\, it CO,
ADTRPIEZ E DB TS (W.R. Inch
et al®®]9664F) .

D 5% CO, nRAERITOWTIE, BHO
B4, 1) single dose 2) fractionated expo-
sure D 2 DD HETHE I T\\WA. 3 single
exposure ¥ Hollocroft et al®® (19524F) 1= X
NT, AFZDDS, HF20LD = 7 A1 lymphosa-
rcoma ¥ BHE LT, 180kV o X§§ 1,300radsd
1 EIRBSZ TV, Fog)E% tumour dregression
X b (min.tumour size/tumour size at treatment)
HELTE5% CO+95% Oplatm 33, {oair,
92% No+8% Op LIBLT, WS4 B
EEE R LUEREERE LTS, L, Bit6H
#ici, B tumour-size I Fl—mk & X &R
LTWw3,

2) Fractionation

du Sault (1959%”, 1963°”), W.R. Inch®®

(19664E) D413 du Sault ¢ CH % o~
v7 A (D spontaensus mammary adenocarcinoma 7

Fig. 17. Du Sault et al (1963)

Radioanability €000R (2/W-18days)
3 37%
25%
9% oo 9247
75% [50K| 508 [758] 51| 570
Air _15% 45% Air 15" 457
Oxygen 5%C02t 95%0;

C3H. SR Mamm. Adenc-Ca

Fig. 18. W.R. Inch et al (1966)

55%
Radiocu-
rability
38% i 38% 40%
@ 2000 RX2
25% 4 daps inferval)
1 20%
49E| 4T | 51 55 |52 | 53l
Air 100%0; 5%C07+95%02 Air 10050, 5%00,485%0,
C3H | atm. C3H BA I atm.

1;82ME, & 1,000R%E, &3t 6,000R (38R
18H) DRI, FigITITRT#REE T W
5.
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Fig. 19. Surval time and rates of mice with
tumours in the treated area after beginning
treatment withl,000R twice a week to 6,000R
in 18 days while breathing pure oxygen
at one atmosphere, air, pure oxygen at three
atmospheres, 95 2 oxygen plus 5 % carbon
dioxide at one and three atpnospheres res-
pectively. early part of the curve shows
death during and immediately after trea
tment and is 2 measure of the severity of the
technique, a more rapid rise indicating gre-
ater mortality and morbidity. Later deaths
are sometimes due to regrowth of the treated
tumours, sometimes due to development of
new tumours.

0;at 1atms.
90F — 5 ‘-—3 f1 3
80- /// ~2&'. atms.
G0z at 3 atms.
s 7T 7% C0zat latm.
2 0 /
= S0+
T 40t
= 30+ Du Sault et al
20+ . (1963)
le
0 50 100 150 200 250 Days

X W.R. Inch % 2,000R X 2[8] (4 Afd] ©
intercal) ¢ Fig. 18I /R E xS, AL Fig.
BrbAh T 5% CO+95% O, o 1latm TiX
pure O latm X DN IC X WRERZ A L

(air & Oy latm RIICIIFEA YRA—OFE, 8
%% 9%),pure O;3atm & 2iEA—DOKRELE
T3 (25%~39%).

Fig. 180 W.R. Inch ZpiEHT, pure Oy 1
atm |3 Air DL RWEREER R LD, 5%
COy495% Oy 1atm D555 pure Oy latm X b
FTEhTtwaRE CGH HRo tumour CIIRLT
W5 ff LT TR MR o2 TS TH B CHBA
FO=wATO tumour TiL Oy 1atm r 5%
CO,+95% O;latm L XinEFEOFEREELRL
T\wb. Fig.17k192 ol Air 2 Oplatm o
R oMERIZ 2T du Sault &R 8 W.R.
Inch %:p» CO, & O, ¢ side-effect DIFEH TSy
TR LTS,

B4 0 EBIEE RIB; ©oTid, 19604 X
R.H. Thomlinson®® = x>, FDO#I19674F i

HAREZRE BT SHE B2T8 #125

Thomlinson®? Jg7r Miss E.A. Craddock = 1
DTHE BRI b T A tumour 13,
4,000rads @B F Tk, 33T tumour (I fE
HHER A | &ft & tumour-size DK A IR .

in Air OFEFBTZ O tumour O fEd R RHT
BicikAd Offd ik 2,000rads THod=. Hib,

RIB; tumour » CgH @ lymphosarcoma ki,

% D B EAEOEE MR, it ofio BEHE
GEC LicififaobEodE, 4#ifgo multi-
plication @FE[EE o %k, HA:FEHllE © fruction,
cycle time,tumour bed OFEE%4E %) TiEFT 3
LDTHAHD. fE>THEIFE, [ES, biolgical
endpoint DFEis & D % 0 factor &Gt
FERER O data % Wil 5 2 SIXE b I T
LT HhHAH, PEL Du Sault £n 59 CO,+4-
95% O3 atms D%, b3 % BIfER O
5 b, EEEOBENBFOLTRBENA O 1
atm R THE2TS, FET5 2 STERE
JEmicREETH 5. fFL RIB, oEBRER
waEHT, 5% CO+95% O, 1atm o FEHEIL,

1) in Air ORFL D bENCER TRERY R L
T bh, X, 2) oxygenlatm X hixZhllE
DL VERYETWS,

RBEHFA (5% CO495% O,p) 1atm. DR
JEHRCBE L CREELHE L b o Lz, =R
TeEWFR s L KoM RIEL R CO, o
REE, TORAFGYEEOMETHS.

¥TEWERI B bhi data T hhbo
WEZ D TR S &, Du Sault™ = (19634E)
Clhi¥, 5% CO4-95% O, OB ADBEIT
tk, pure oxygen D5 LHH~C, 1atm, 3
atm, OFFOELGETE, CO, A DK O, T
ADFBELY S, FECEI DT EEFEA LT
Wa. (Fig.19) wi T RicEEREIER 8
1% CO; 1atm 2ok $40<¢, {E43atm |z
FiFTd COp 1z Og(pure) X b H BVWIFARL
TWb. FrzoRcH bl COp1atm
D4 ““early death” i AT R S .
Du Sault oiE#ix, ZORIfERORLPL, *
L, pure oxygen3atm X{lJ7-[i\+ curability

— 40 —



FEfn434:3 A25H

XY RT, 5% CO+95% O, 1atm pFH:N
RIRVHETDS » EBRTWB. HEAFNE
Z &%, pure oxygen ] atm D4, early death
PELENZETHAE. = O oxygen ) toxic
effects >\~ %, Du Sault D 19594F- D T IT
LR BTV SETHS. X W.R. Incet® 2
(19664F) DERFEEFII\TIL, 5%CO,+95
%0: lamm. T, 1HIOEEHED bhic\ 3
THREL TS, BxDERCIKIT B rat DL
CBENTS, MOWRFEELL LRT, T
(early death) A3EL 7oof-diizic, #EL, 5
% CO+95% O, ThZzh %k “ 3KE" Kk
% & pure oxygen D4 L[FAEE T, oxygen o
toxic effects DIFEHOEET “early death” %3
7.
HWIREC s\ Tk, COy o AR k3 5 ElfE
Jz2uwT  Churchill-Davidson2® % (19574E)
ik, HEMSEA chamber I LT
% CO, ofFfEL, B3E o “convulsion” ni
BeRDoThDd. EEXLTWE. foTHE
LVRERCEE LT, chamber % 100% oxygen ¢
flosh out LT\ % . L Hegedus! J Shackel
ford (19654F) 11 “ 5% CO, in air” D4ff T
““ cerebrovascular disease ”’ DB 1T, 10470
AZETA, FMOEBLEEFAEZRD A 2H
EHELTWS. BHzn5% CO, LnHif
EEXRRAC R LB 5REmD CO, BETIkis
W EHER LTV 5.

KCTHRIBE I 5 D%, 5% CO+95% O,
ADBRAREORETHS. oz ik, 1) El
EROBER, 2) HEFHOEH S5, » b
RTEBELETHS. oL L TlilyER
h @ data s BEkHTEHB L, Du Saulth® =3
(19594F) , Hollocroft®! % (19524F) 1 X jus,
Mouse @ lymphosarcoma ¢ radiocuralility s
AT CO, MADEE LHENRShIzE L
TWw5b. Bls, CO BADI~545H 1 ii—
relative blood flow DH#IMIEEE ICZL,
T plateau R L, 154 HiIizBA o FmEIC
5?5 (W.R. Inch™® 2£519664F) & #4453 hT
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W3, ZOREREMMTZERL LT Du Sault
D, 1) 5% CO #[EHA304 L VBATE, 2)
5% CO, MABAL b 2 0 BICBE O 2 B LT
. tumour ¢ response (X, 1), 2)ILi[F
BRORIEER LI ERE TR TS, 1 LA
I, FHBAIAET3 Ao 5% CO, AR TY,
B0 TR AR & &ic { DB RE B, Wwh
CLTh, WARMEERTS - L, Ao
AR XY EEESBECTHZETHD, KD
I REWFIEEEDLDTHD. X, Tables
TR ATRRIC AL DL, o hEE &L 5
N BROREY{RAET HTELRED BT
oL,

Ll EDERAER IS\ T, 5% CO+95%
O, BWETORHFEZ, 1) figk, 2) %4
¥, 3) FiE:, 0L Y RT, BERETRES
hERCSHOBHER DO 12L LT, TAHCH
ALB2b0THLEELLRD. ZOBERE
WE LT B o, KD “poorly vasculalized
tumour ’ RFESITH AR ETHB 5 .

¥ B

Benzypherene fz Fi: & h 18 5 7-RIB; tumour
EHERALT, B%H, BHE, K%y A, tumour
anoxic O FZEREMTIXE D 1 RS2 1T 2
fo.

1,000rads 3Zo v~ Tk, 20k, B
K, RBR» 0 ZERFHELICR « O%RHE
L% (BARIES 8 ~ 9m X b20m, BRI
CRTLEABEREOHERR) X hachAEE
PRED BRI T Wi,

1,500rads L~L-Cix, £, flioBk

D EE 1 T (anoxic propoution 1 %) 3 3 3%,
2,000rads 235\ T air 1 O, 1atm | 35X
7£{ Op3atm 115% CO495% O;1atm kb
b, X5% CO+95% Op1atm i3 Op1atm
h HHECIENTH O,

Anoxic ¢ tumour (FFEERDUEIL bEF 1T
radioresistant T j-27- .

X, V) v RIER R (T 5 RBIXRS bt

oz,
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Pl Eo®EEIBRT, 5% CO,495%0, 1 atm
TORME, TOREMROTSME, 24ekk, ROk
FiEX 9 AT, Oy 3atm T4 CEN

RRENED 12 nBBL0EEL LIRS,
e

FEBEIT 5 & % 5~ 5 hic Dr. Tikvah Alper

(Director, Medical Research Council, Experimental

Radiopathology Research Unit, Lecturer in Radiol-

ogy, Royal Postgraduate Medical School, London)

RS BT 5 & dhic, #HiFRENY 52 TTFa 20k
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