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Present investigations dealt with experimental and clinical studies on hemodynamics of tumors during
their developmental process or under the influence of irradiation. Most of the studies were made on
the estimation of regional blood flow by the use of 13Xe-local clearance technique.

Yoshida sarcoma was used for the experimental studies. The characteristics of the tumor was
discussed, comparing with those of the experimental inflammatory lesion (tuberculosis). In addition,
the effect of irradiation on the tumor was analysed in relation to the regional blood flow after irradiation
of cobalt-60 using the fomula based on Fick’s principle.

For clinical studies, patients with tongue cancer were employed to evaluate the blood flow using
the height-over-area method for calculation. Radiation dose (electron and radium) for the complete
disappearance of tongue cancer was estimated and compared with the regional blood flow calculated
before irradiation. The following conclusions were obtained:

1) The blood flow decreased as Yoshida sarcoma developed with its central necrosis formation.

2) At the peripheral part of the tumor, blood flow was usually increased, leading to a
medullary growth.

3) The blood flow essential for the development of the tumor was calculated to be about 50 ml/
100 g/min.

4) The inflammatory lesion showed a constant blood flow, which was not influenced by the degree
of the lesion.

5) The phenomenon of temporary increased blood flow was observed in tumors which received
1000 rads of irradiation.

€) The regional blood flow of the tumor measured before irradiation showed a close correlation
with the radiation dose for the disappearance of tongue cancer.

7) The high therapeutic ratio of tongue cancer could be explained by the higher blood flow in

the tumor than that in the surrounding normal tissue.
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8) The regional blood flow in tongue cancer had a close correlation with the radiation dose for

tumor disappearance. The blood flow of 1 ml/100 g/min was estimated to be equivalent to the radia-

tion dose of about 30 rads.
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Fig. 1. Schematic diagram of measurement of **3e-Clearance in tumor.



W F0484E 9 H25H

Fig. 3. **¥Xe-Scintiphotogram.
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Table 1. Results of ¥¢Xe-Clearance studies in experimental tumor and inflammation
days after | ploslaisacone B . Tubercie hacillus
transplant. | diametes i) ‘ initial T/, (min) @lfllffbdog?ﬁ;}; N initial T/,
2 0.9240.07 ‘ 0.61+0.14 83.48£17.02 0.60%0.12
4 1.40%0.12 1.08%0.25 47.291+12.89 0.50£0.15
6 1.68240.07 2.64%0.51 19.22% 4.24 0.50%0.15
8 2.00%0.12 5.51%0.69 9.02 1.46 1.04%0.26
10 2.20%0.16 6.66£0.55 7.32% 1.35 1.03=0.22

Table 2. Blood flow in peripheral part of the
tumor and control muscle.

initial T'/, blood flow
(min) (ml1/100g/min)
control muscle 1.52+£0.32 34.05% 8.81
periphera bart | 0.640.09 | 84.18+26.82
——— tumor blood flow
00 —————— muscle blood flow 25
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Fig. 4. Relationship between blood dynamics and
growth in tumor.
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Table 3. BElood flow in the tumor, following
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8
v
v
/
6
g tumor
E
-y
N
(=]
-
G
ol
-
-t
=
2
/ inflammation
/// ————
l""-------_____.,/‘ .-"""—.-.
11 v T T T
2 A 6 8 10

days after irrad. diameter blood flow
( 500R) (cm) (ml/100g/min)
0 1.36£0.07 51.83%9.11
10 1.60=£0.31 12.63%7.30

Days after transplantation

Fig. 5. A comparision of blood dynamics in tumor
and inflammation.
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HHAE TRFABHE S » + % 3 BRI RS
DEGE L.

1% BE4HHOSLD S » b O FEEC
8Co ri§ % 500rads JRIFTIAST L7-FF.

2 Bi4HHOSED 5 » b O FREELIC
%Co Tf§A 1000rads T HASE L 7o B

3B BHEG6HHEDOSED S5 » p OFHREESIC
®Co Tig#A 1000rads JFHATIRST L7cHkE

AR IRSRT & ERES IO & D 2

BHi4AEH O © (ER 1.4em) 1 [algh
500rads  JRAGT L e FFuk IEES O/ M L2
TREBTIROMEFZ R Lic (Fig.6). 2 &
—BHAEE (4 HH) O BEERH 1 EHRE1000
rads DG &+ % L IRIHEREES i 5 0
CHELAB (LUFY: RD.) 132 HT4 HEIC
VIS IR L Le (Fig.6).

Bhie HE (EE 1.7cn) OEEEIC 1 S5
1000rads JEGH+% &, ' R.D. (X4 HCIOHENC
VMBS IR E LA (Fig.6).

C ORI B OKR Z Ko (UG i ok

BRKE XD NEE i it (1000rads) % BE g

Table 4. Blood flow in tumor, following irradiation with 1000 rads.

days after irrad. 4 days after transplant. i 6 days after transplant.
(000R) | diameter (cm) (rx?llﬁoﬁ%gf}sgn) diameter (cm) (nfll,?f)(fog}?fﬂ?ﬂo
0 1.440.00 51.08% 6.98 1.73120.04 15.5642.33
. 2 0.740.04 _57.32i10.71
. 4 0.020.00 20.23+ 2.52 . 0.83:t0})5 35‘55;:-:4.”13.‘- B




746—(44)

bafor irrad.

HAREFHOE RS MR 5338 Ho s

days after irradiation

Irradiation

single dose 500 R

single dose 1000 K

single dose 1000 R

X
52
( i )
Non-Irradiation

control

@

3 4 10

-,

progressing 6"'{?9

%I . scar

éc.% . scar
o

e

-

|
|

NV
>/

Fig. 6. Relationship between tumor-size and blood dynamics, following irradiation.
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Fig. 7 Compartment analysis of **Xe-Clearance curve,
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PERD AR U BT B I O FEH T LB s i
HEFELOEEE L bh, FOEIXELDOER T
(1.50ml/100g/min THoiz, 2 emBh ko F
B 5 10ml/100g/min [JF O i E 1L necrosis %
HRETH. BRI 25450 mif
(80ml/100g/min) AJEFHICER Zh, 0
N IHER BV e AR O MR A < VIR L,
BT O OO necrosis 5. &
DFEFIEL 4 hs 5 BB & WA BRI B E T
LT EExbhb, = OIEERE 0L
R & BEAC BT 2 d 0 B,

P30 % [ MRENIE O U\ ZEB) & 13 45E
PRI IS L UL D I A LT B,
Rtk LBRA E IRV IGRE & BETE & AR RS B S
&, B RINMEIRAN 60T 5 SIERB & 0
MEBEORECEELLTWALELBRS, &
DFERAERCTIGH LTt & B a0
RO/ LT ARLAEETH S 5.

— 7 TR Mt O LIRS NE R Y
%2 THIlO B RZEC ST 5 & L 0T
Sha. ik EFmREEREL Xk ~2 72 ¥
VEN—ETHILAIEMRC S b, BRNER
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FEEE X DRI RDYY  daily dose % 5z I
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TUF B, BEIEVRMARIESS i O WA AT - A
B, chEodfirns ¥Xe Hikz v 735 v A
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I FEREIBFSE
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s DA BT B & BRI R E IR D _E
THAL S 55 & 5 vk RS o Eie g
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Table 5. Blood flow in 9 cases of tongue cancer

33 W9 &

[ . . . i . Sites of Manifestation of | Radiation Therapy | Blood Flow
! Fatiend|| S Ikagoiosis LM !Stagei tumor tumor lesion Technic Dose (R) | (ml/100g/min)
| o+ « | tongue cancer| , , | . indurative type | 1. 1 . t T49.05
| H. 5 (sq.c.ca) ‘ 3.3.0 I left lateral with ulceration ‘ Radium 8500 ul 33.08
. | tongue cancer indurative type | . : t 37.71
Y. N (sq.c.c8) 3.3.0| I | left lateral | ("0t ion ‘ Radium 8700 ul 3956
tongue cancer . indurative type T - t 58.62
M, K (sq.c.ca) 3.0.0 I} .l'lght lateral With ulcemation Radium 7500 - 13 77
t - indurati i t 97.22
M, M orEgs;fac.c(;ricer 2.0.0 I | right lateral t?it;ﬁril?:ratggs Electron 7000 ul 42.69
| n 28.29
tongue cancer indurative type . o : 87.27
K. A (sq.c.ca) 3.0.0 I left lateral with ulceratyl:on Radium 7000 ul 20.95
n 86.95
H. M ton(%::sci;rgcer! 2.0.0 [ right lateral | indurative type Electron 10000 ; g?g
t 107.03
N. F ton(%:ec t::gcer 3.0.0 il left lateral indurative type Electron 7000 t 32.94
. n 64.98
K. K |y 8.0.0] T tip indurative type | Radium 7800 | & 1279
tongue cancer | . indurative type N = t 79.82
H. Y (sx.c.ca) | 2.0.0 I .:fh-il_atera} with ulceration Electron 7500 ul 64.16
F—%FH# Ll ~2moOffic@E . 7y 75 v
A DREXI05 LL T2 1.
S Rre] @]
1. ﬁ?gc 100 o
B M CEHE & I Uiz 0 Bk RHIC L= (Table 3 ;
s 3 B
5). 34lix Stage T DI THB. 1 HILFHLE 3 ©
BB 8 P TERCHiO REE B, Bt 5 ©
4T % indurative type 23 fTHD. WA s o o o
FRANC MR O WEZT27. MgHRERE LT E ',
5T AREES B, TR R 460 T Wk g o O o
- - = ]
FHOBE LIEEATE LIS CRITEET L g8 | 8
o, ST ST L IR X7000~ 10000rads T O O
b5,

2. EHEORRTImRE

T i B o E AL R O & FEEF & b
TEEHE, W, MRS AESEA 72 A6
D i it O el % Fig. 8 itk L7z, Eiiadko
M¥EiE21 ~ 107ml/100g/min (S7¥y 58.67) T
BB, JEETHO I EE @ BN fETH o
7o, IR O M ik 320~86ml1/100g/min G
PR EELITH D, BS LB R O TE R
TR~ 5 D MK A 2 T 5.

indurative
reglon of
Lhe tumor

uleerative surrounded
region of normal
the tumor tiseue

Fig. 8. A comparis on
tongue cancer,
3. MU & FEEERhR
1N ZEEH T 2.0 2.5 JBE »5 0,
Fig. 9 wRLik L7cil D [ESHHA, B2 »FiCh
Pt & e Uic, & Offiit4 ~« 32.94,107.03
ml/100g/min Ch-ofz. AFEFNIIEEH TR b

of regional bloed flow in



751 —(49)

WA 14849 H25H

Phot. 2

1

Phot.

Peripheral part of the tumor at 4 days after transplantation.

x 400

x 100

Phot. 4

Phot. 3

Central part of the tumor at 4 days afl:er transplantation.
x 400

X 100

Phot. 6

Phot. 5

Central part of the tumor at 6 days after transplantation.

x 100

X400
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Phor Ei

Central part of a tongue cancer irradiated with 4000 rads.
(Radiation effect: Grade ] )
x 100 % 400

P]wt lCl

Peripheral part of a tongue cancer irradiated with 4000 rads.
(Radiation effect: Grade )
X 100 400

Phot. 12 ‘

Peripheral part of a tongue cancer irradiated with 7000 rads.
(Radiation effect: Grade IV b) |
x 100 x 400 ;
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p 25—

Fig. 9. Schematic diagram of a indurative tongue
WM FRey Stage [ @ indurative type Tl
BHHRCE LI 2 b e hote, ik
3emg @ Cone #{fioCHFMISAR #1T-
7o, 4000rads FRAHER A JOC 247 5 RSO/ &
B I 472 % rp R OAE R OFER, MRS
HIRERICRASNT & 2 BT ERIRIE M O i
DR bk viable TeEEMIITRA L7 TR
BREET grade [ L2 Hh b, WFETOM
BB CRARM M O 2L R
bh% DA T THE O BRE T grade [ THO7

(phot. 7 ~12). AHEGIHREET000rads DIESH
TUBMOBRAFIEI WAL, AL EE
Mg e < Roh PRl cEERoTs v %
OFDEEEE grade IVD & 7o b B2 du gk Lie.

o
100 o
O \
C o
H
)
3
<
-
Kl
B
E
ﬂ o
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o
sov
o
L—, . .
7 8 9

Fadiation Dose (107 B)

Fig. 10. Relationship between blood flow anl
radiation dose in tongue cancer.
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SRV IBEHR O i it R A3 S AEAE © S0 fE R
% Stagell Tl 441 % indurative type T3
iz FOmifEiti37ml/100g/min ¢, = DEEH]
DIFRELZ V7 AR AR T I GIES R E L
Tofifri8700rads T H o7,

PR RICIR b %  OfiE e B L AERI X M
$ih350ml/100g/min T WFHEIEHN B % 7701
Stage ] @ indurative type TH-D7=.

SEREB D [R5 1 it B & YRR O MR & D
P9% Fig 10iCitik L7z, £ OB y=321.04—
3.23x DEIFRTELEND. HIbEEEAHRE
A37000~9000rads  OfF AL -CLL 100vads - 3.23
ml/100g/min Otk & HEMGE B, B
S & A DI i 1 ml/100g/min }3%30rads @
BORHREE & S L WEIRM AL 5 5.

B & =

REUB RS O RS R 2 £ CERIT Y Tt
DHYXTE IV, OB EITBHEL - H A%
i L DEPNZERETL B A A DE, %O FIFER
B LBV B EEL bR, BiHE
P ARSPICEE ST 5 ORE L TERE
CRTREERREEHEK TS, —ifixZah
KB LT, oMy WMl o FeEsL A
HIMEREL T 2EA L Ebh s, RS
ZAE BRI VLA O oo i B e A SBE BET
BV R—BOFFNLZ I & I Th o

BOERERREAR & DR ic > W TE L THD L
TR R MR E AT 5 & & 2 DR
REEZ AN B RER T OFE R B b YR L E
Zbhd, EEIIE A R ARk L b
BT T 55 2 &2 B FGH OB eSS
FZEO V- h b o X ER LTS, 58
VR MR $ 22435 b indurative type DJE
BT Lol < SRR, b MR D 7 Toiian
BIAFRELN BV F 2 5. = OB M
it & TR R O B A i TERE A M DR BE
NEHERESER T B — o0 BA Z TR
EhaEE>s.
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APFZE TR OFRREELIR & i i35 %
filifhdi T Licds, BOHREZ a2 HET 5 —
DOHPEEHx bB. MTRI SRR
EATH—o0BERTEH B, ByE L RFLE
FE ORI MR A B AR o REZ O ME b TH T 5
L CERL.

IV & &

SEERNESS o i B RE & SRR U CHEH & i
& OBREHMATR EN L LG Ui, EERE
Pk & JSRE D MIRBIRE % iz 35 2 Lic X b i &
PAE O MAF R D2ERIT S W TR~ T,

TR G} % 32 e lE o i FEBH B & FR T L T IRSY
ZhIR & i i & OBIFRIT O\ THf U e

EF RIS L IRRA & UTERECEA LA
B L P & OFEEZE L, [EH Mg
DEFHBOREIR & HE PR S 5 &M U
Tes

TR CRRIER TR bh iR BT 5
LD THS.

1) ¥Xe #HEk27 V7 5 v A ECHE LIfEix
JESFEPY 1.5cm ¢ DFUE D FHTMmE TH 5.

2) EE0z) 75 vAH—7 L2 ikTE1
AEVIIESS IR o, 5 2 FIADE O /T it &
BT

3)  FEELIAFER R R\ M A S IR A <
DIETAH, R CEE R T 5.

4) FEHECHE S i E % 50ml/100g/min
BREETH 5.

5) KEEREEETE IR LTED
JESS & Boie BB R T

6) TREFHT O M & S DR & RS
5.

7)) RSHESCEMTHL R A bR S.

8) EWOIMMEILB/ANC X v 2N H D B
VK < JEEHREE .

9)  EROIEE O MR & B AR L X
FBIL, 1ml/100g/min o ffiifiFi3H30rads D
BHE RS 5.

Bk # 2 b b, EENR 2 F R HOH RE Y

AAEFHHE SRR 3% Hom

BB Z FHEAN O FREERAL A e v & —RkHE
Rt cHATREoELYELT L &L, Wil
Vs u s AE RO AR A AAAT o B3
1.¥3.

3wk
1) Bergner, P.E.E.: Proc. Symp. Oak Ridge,
1963, U.S. Atomic Energy Commission.
2) Cater, D.B. and Silver, L.LA.: Acta Radiol.
53 (1960), 233—256.

3) Christensen, N.J.: Acta Med. Scand. 183
(1968), 445—448.

4) Conn, H.L., Jr.: J. Appl. Physiol. 16 (1961),
1065—1070.

5) Ewvans, N.T.S. and Naylor, P.F.D.: Brit. J.
Radiol. 36 (1963), 418—425.

6) Gulino, P.M. and Grantham, F.H.: Cancer
Res. 27 (1967), 1020—1030.

7) Gulino, P.M. and Grantham, F.H.: J. Natl
Cancer Inst. 27 (1961), 1485—1491.

8) Gulino, P.M. and Grantham, F.F.: J. Natl.

Cancer Inst. 28 (1962), 211—229,

9) Gump, F.M.: Cancer 21 (1968), 871—875.

10) FE R, REFRE : $250 B ABERREHD

G (1966).

EUE  RE, BEFEGE ¢ §5250E B AR AR

L34 (1966).

12) Jm e, RERE : H27E B AME LA KD
gde (1968).

13) Ingvar, D.H. and Lassen, N.A.: Acta Physiol.
Scand. 54 (1962), 325—-338.

14) Kai Hoedt-Rasmussen: Acta Neurol. 14
(1965), 65—68.

15) Dety, S.5.: Am. Heart J. 38 (1949), 321—
328.

16) Kjellmer, I. and Lindbjerg, I.:  Acta Physiol.
Scand. 69 (1967), 69—78.

17) Lassen, O.A. and Lassen, N.A.: Acta Phys-
iol. Sicand. 69 (1967), 69—78.

18) Lassen, N.A.: J. Clin. Invest. 43 (1964),
1805—1811.

19) Margulia, A.R.., Carlsson, E. and McAlister,
W.H.: Acta Radiol. 56 (1961), 179—192.

20) McAlister, W.H. and Margulis, A.R.: Ra-
diology 81 (1963), 664—675.

21) Nystron, C. and Forssman, L.: Acta Radiol.
8 (1969), 193—198.

22) Rubin, P. and Casarett, G.: Clin. Radiol.
17 (1966), 220—229.

23) Rubin, P. and Casarett, G.: Clin. Radiol.
(17 (1966), 346—355.

24) Sejrsen, P.: Cire. Res., 25 (1969), 215--229.

11)



M m484 9 H25R

25) Sejrsen, P.:  Scand. J. Plast. Reconstr. Surg.

2 (1968), 39—43.
26) FEEHE : MoK, I (1969), 22—26.

27) Tannock, LF. and Steel, G.G.: J. Natl

Cancer Inst. 42 (1969), 771—782.
28) Tannock, L.F.: Brit. J. Cancer 22 (1968),

755—(53)

258—273.

29) Vogel, AW.: J. Natl. Cancer Inst. 34
(1965), 571—578.

30) Zierler, K.L.: Proc. Symp. Oak Ridge,
1968. U.S. Atornic Energy Clommission.




