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Regional Tumor Blood Flow and Radiosensitivity
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The radiosensitivity of tumor tissue depends on not only radiosensitivity of tumor cell itsself but sur-
rounding enviromental factors of cancer cells. In the latter, the conditions of capillaries, i.e. the blood
flow is an important factor determining the variations of oxygenation within a tumor. In this study,
we determined tumor blood flow (T.B.F.) by the method of resorption of Xe 133 and relationship between
tumor size and blood flow, various factors influencing T.B.F., correlation of T.B.F. and radiosensitivity,
and changes of this value by fractionation.

Small amount of Xe 133 was injected intra-tumorally, and Xe 133 clearance curves are obtained
using scintillation recorder. Ehrlich’s transplanted mice tumor, superficial human tumors and cervical
uterine cancers were also used. Microangiography of Ehrlich’s tumor was performed after injection of
Indian-ink in order to correlate T.B.F. and the following results were obtained:

In Ehrlich’s transplanted tumors,

1) T.B.F. was decreased markedly as the tumor size increased at 0.5-1.0 cm® and then reached
plateau.

2) Physico-chemical factors such as the vasoactive drugs and microwaves were tried before measure-
ment. These drugs mostly decreased or had no effect on T.B.F.. Microwaves sometimes increased
T.B.F..

3) The vascularity started to decrease and the vessels tapered abruptly and ended suddenly by
single large doses of radiation.

4) It was found that tumors having greater I.B.F. showed higher tumor curability.

5) In single irradiated group, T.B.F. more decreased than fractionated groups.

In clinical application of these method.

1) Radiosensitive cervical cancer showed nearly three times higher T.B.F. value than that of radio-
resistant ones.

2) In the case of radioresistant tumors, showed very low T.B.F. during the course of radiotherapy.
On the other hand, in the case of radiosensitive tumors, T.B.F, before irradiation showed very high value

and increased during the course of radiotherapy. Reoxygenation may take place in these cases.
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Fig. 1. Experimental method.

RDI., FOB, BEOKEICH TRy 2%
Yo, EEL oS R E#RE L (Fig. 1).13%Xe
EHHE, <2V wEE v, 0.5~ 1 endE
ST, ¥Xe WEAHEALTHET S L2 &
Ufc., Xe JEGHREIESIP O Mmpg R 2 1hir 7
T ERKRYIT, BAHEMEDOT - B8 Xe R/
HATHZEREE L,

E#S D clearance curve (I —ijf | exponential

iZ 4> LT W< 5, a) mono-exponential curve
(Fig. 2) & b) two exponential curve (fast com-
ponent & slow component DRI X %) D4
(Fig. 3) i kplxh 5.
Mk 1 g bich ofEHOMmEEE (F) ik, Fri-
ck’s principle ¥ & b, F(ce/Gm./Min.)=K2/p &
M4, Z ZCTKIiL, disappearance rate constant

w-».... Xe 133 (Iearance Curve for
hrHchs Tumor
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Tumor size : 1.9%1.4%10cm,
Paper speed : Tem per min.
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Fig. 2. 1¥¥e-Clearance curve (rnono-exponential

curve).
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\ Xe 133 Clzetarance Curve for

-hrllch’s Tumor
\\Tumar size : 1.2%x10x09cm.
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Fig. 3. '"*Xe-clearance curve (two-exponential
curve composed of fast and slow component).

THY, p REFOKLE (22Tl &T %), 2
VLS, iR o4 B RS (partition coefficient)
Thb.
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Fig. 4. The relationship between tumor size
and T.B.F.
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Table 1. The effect of Octapressin(Vasoconstrictor)
and Histamin(Vasodilator) on T.B.F.

1) Octapressin((.05¢cc/mouse, intraperit. inj.)

Tine" | cefore inj. a%t(r):ni?;j.
0.34 8.25 4.36 —47.2%
1.26 8.6 5.13 —40.3
1.68 11.7 3.5 —70.7
1.58 12.1 9.3 —19.0
1.32 15.5 18.2 —47.1
Mean —44.8+ 8.1

2) Histamin((.05cc./mouse. intratumoral inj.)

2.93 10.5 9.78 — 6.8%
2.15 6.24 12.1 +494.0
1.30 11.5 10.0 —13.0
1.98 13.2 15.1 +15.1
1.20 18.5 11.0 —40.5
Mean + 9.8+22.7

Model of normal tissue (top) and tumor vascular bed (bottom)

Exchange ‘ Venule l!l.arge
Artery Arteriole ~ Capillaries Capacity Vein

Large Resistance

Fig. 5. Model of normal tissue (top) and tumor
vascular bed (bottom).

27 vy v v &), MERE (e x 3 v 515
%), OfE « OFEH L WA EAR, 1040 M
At (Tablel) .4 7 27 vy v (Octa-
pressin) TiRE50% FERE O MPKE O 1% BT
5. N, exx 3 S O K ImEIRERT
b, REXEED S THcmE, BELOFTmE
wECHEIME 2 238N, FERom2 T
V. RS A S A RO R,
TET, Bocihbiw—2o08 k& LT, [
BoEMME, EFHEMERE, WEZRH s
{, MEFEECIXBTH-MLBRHESIRBRLTE
b, HighHEY MR TOWEZRBTHS -

AARESER S RF M H328 W65

Table 2. The relaitonship between the T.B.F,
before irradiation and the curability of Ehrlich’s
wmor by irradiation.

Tumor Blood
Flow(ml./100| 30-—50 | 30-—20 | 20—-10 | 10—-5

Gm/min.)
‘Turnor 11/13 711 5/11 5/9
Cure Rate |(g5.094)((63.5%)(44.4%)|(55.6%)

BdEEZ BB (Fig. 5) 6 2 E B IR 2
T %, resistant arterioles O 12 T ELA
Wiedi, MRS Z ishh ik #32
&SR AR,

o) JEBmE & =—-1 Y » e BT OB
R EDBYFR (Table 2).

=z — v VCEEORC 3,000R 1 [EES
E{7ic\, 20 HERIBER 2358 A £ IR AL
LCHMB LI E 5 i, chiBataiom
Witk & DPIfRE 2l oAt Table2 TH B, FiT
Raffe, MfERKEVoRRE, REERIK
THH Ehbhsb.

d) =—nV y e K FEE O microangiography
LRShe X LR O mifiE & DRItk

JEfRS OIES MA@, S OAH BT A
fe L7-FEE ““Hypervascularity,, % 217z 3455
AEREZLTEROH D Z BICBEL T2 0
BEBhS (Fig. 6). i L dEFOHD
Wi s LIRS, —MomEx, 5T\VE%x
HL, KL T channel L L T3 (“lake,,
LIdhTwd) opilbhs. X, Zhbiika

. et oy & - B - _i

Fig. 6. An angiogram of non-araaared Ehrlich’s
transplanted tumor (X 100,
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Fig. 7. An angiogram of non-irradiated Ehrlich’s
transplanted tumor (x 400).

NAIL A ‘ i
e i SR s. 7 L EE = 4
Fig. 8. An angiogram of non-irradiated Ehrlich’s

transplanted tumor (% 400).

Fig. 9. An angiogram of Ehrlich’s tumor at 5
days after 2,000 R.

P MELTHEL TV AL 0h B 5 (Fig. 7).

COATEREY R LU EHE O H A5, o
e e~ o ki 5T & E L bh, O
ERARDORI BT & D] I ¥Xe REA S hD
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- ‘ﬁ&!f:
1 e 1 whl b % B 2 L=
Fig. 10. An angiogram of Ehrlich’s tumor at 1
hour after 4,000 R demonstrating increased per

meability of capillaries and perivascular and-
interstitial edema.

L, fiakofn<, clearance curve (% two expon-
ential c. |2 h EHE 2 bhb.

IEEEMInEE, BShc X DB L, BT
#F L, FHatoRinc Xk b, extravasation pif
bhic, oMbk, BEOKRLHE, JGEHE
HE—oBEwix, 1 RRGOHHIEERRTS
ot JERHEIE,  2,000R B 5 HEOZE LR
Fig. 8, 9.

X 4,000R 1 [EIESH 1 R T, Habbtk
DHAhN, extravasation R B, ZhboZE{kik
—@tEcHote (Fig.10).

e) MRAHC X % ik o2t
(1) MEEOZE(L

K 1 [EIRS 1 BRSO ik, —ReiEd
#RB7. Bz, 4,000R 1 [EESE 1 RERIE T,
SEi27.3% oA E RCwh,.  (Table 3),

Table 3. The change of blood flow of transplanted
tumors at early time after irradiation of 4,000 R.

Tumor E?e fore hri .rrzfc:?r
Size irrad. B ( 4,000R)
1.92 6.58 6.34 — 3.6%
0.54 25.4 6.6 —74.0
1.98 1.65 1.95 +18.2
1:17 3.08 2.01 —34.7
1.78 10.05 9.23 — 8.2
1.38 24.0 9.25 —61.5
Mean —27.3%£14.6
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Table 4. Some examples of T.B.F. of human subcutaneous tumors.

Case Disease Tumor Location Tumor Size | T.B.F.
1 Malignant Lymphoma R-Cervical L.N. 1 emg 76.5
2 # L- #” 2 7 47.2
3 # L- # 3 7 9.8
4 Cancer of Larynx L- o 2.5 3.2 cystic
5 Breast Cancer R-Axillary L.N. 6 2.3
6 Gastric Cancer Abdominal Wall 14 # 0.9 giant T,
7 Lung Cancer R.Cervical L.N. 3 7 2.5 op.
°8 ” ” ” 30.0
°9 Qral Cavity Ca. ” 3 2.8

________ Tumor Size
"QKE:{JJ% R/day total 2,J00R)

\&i:‘{)\ (SODR/day total 2,J00R)

gée

-Tum or Size
\(‘2 000R smgle irrad)
BF.
(2000R single irrad.)

20(Days)

o
O

Tumor Blood Flow

5 05
Days after irradiation

Fig. 11. This shows the changes of T.B.F. after
or during irradiation in the case of Ehrlich’s
transplanted tumors and compared with single
irradiation and fractionation.

ChudEfiacxl T s EEOME TR T,
[EHmEE T Roh s, mEROERBED
H4hn, spasmus (Jbic—B¥EOBL) THBLEX
bihb.

(i) 1 [EIfEL,
2k (Fig.11)

~»JytmTE%®%m,E%m2mmR
1 [EIEST Loy 1 H 300R %45 H 7 [045E
m%Lt%A(?ﬁszm)&mﬁﬁmﬁﬁ&
PRIl Lic oy, Fig 11TH 5. i,
k2 DEEOIEGOKE S OFRBE TR, Bk
5<, 2,000R 1 [BIESOLAE, ML i
REEEHD LT o RbR 5. SrElRgo
Bk, BB 3 Bt o bSh0iin
i, DR« LTuwd a1 EKRER
ghe b, WA OBE EE Thotk. EFoKX
& 3L, 1 ERFOSAIREECHEL LT vote

RIS X A IR o FRIR

D, AEIIRSETE, B 2 B CREERL Y
# Richole,

(£) FRIRMIEH

(1) OB Y v Fils®, B v~ E
iE, FUSROZo TR, B Mok Fis
BISToWT, BERio MR IE L. F
D—FROF% Table 4 iR, —Rnc kLR
= & B o= TR E Lithotz. LisL,
B Y v EOSA Y, Lo IEHEE  ~—
IR & F PR R L.

] LA OBA, DR, kExwdor
HAT, mviiifimfis m3- @ ms R ohi. %
LR (Cystic) Otr, Fifo, iﬁ‘ﬂ“ﬁvﬂ'
Ui, FRE (RAED 1, —inc i o
TEETSOME 0t Fl il E Rl demg o
B A e WlEB o8 a, IRy i
( 0.9cm®Min./100g) # ;R L T=70b,  HUEFRIFE
b, WA, T iehot.
(1) T EE O M TTCRTE & H sz
(Table 5)
FEBMBEOLS, WEREZ o &\
( 6,000R FRGHETH, M CHERIIEZ B Th
272b D) ORHRTOMEE MR & Kok
5, 34.2cc/Min./100g (5B TH D, Hht
HRIESZ M DR\ ESS (6,000 R JRGHA: M cai
%R ioh D) TiX, 13.5cc/Min./100g (5
EH) Einh, FIEECEANRL3 OEEY R L
(Table 5 ).

i) Faghdhro myckEo 4k
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Table 5. The differences of T.B.F. before
irradiation between radiosensitive cervical
uterine cancer and radioresistant one.’

Radiosensitive Tumor Radioresistant Tumor

Case | Stage BFI][Q:‘S Case | Stage BF!;LO\S
T il 32.3 |[K. T. Il 8.8
S. B. i 23.6 |Y. A. IV 13.5
H. F. i 57.5 M. S. I 15.2
T. N. | IV 38.0 |A. K. I 10.5
H., 5. | IV 24.5 |K. A, I 19.5
b S b g 28.4 |

Mean  34.2% 5.1 | Mean  13.5% 1.9 |

- o—o Radiosensitive Tumor
+——= Radioresistant Tumor

a3y
(=]
T

~.__neck Mefast.(Cancer of Larynx)

S
=

~

=

~§_ S0F < neck Mefast.(Breast cancer)
Saof

,_,—g_SO B /}\/gﬁ;lignan‘l Lymphoma)
EZD - o neck Metast.(Lung)
210k il skin Metast (Gastric Ca)

/

g b= —<——neck Metasi(Ca of
= 0 | 2 Larynx)

4 5. 6
(XIOR)
Fig. 12. Some example of the changes of T.B.F.

during the course of radiotherapy.

ffix O FESCH LT, 200R,/H%HESIE
( 1,000R /M) W14 % 2 isofciff o i
L, BEEOMFRY, BEHHcowTFig12ic
L.

SRR OB ES OB A, —RICIRE
MiomEE xEvc &, amiiEnsd E g <
e &b, BHEFRHEINLTOLIBEINEDLD
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THhICRL, HEHEEEZEMECEAE, Mg
R MR DMEE D & 55, TREATHEA R
xR T TS, BAPETLTL boR
% hote.
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reoxygenation 22T\ A EFE L bh, RBEH
HBBERELTI~20 X0, —fnc 1~ 280
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THHEEZBRSD. LhL, J. Robert ik~
TWwamL, ¥ Xe EHNEALL, THESO
MFIRTEEX HHHLTVBH0EEL bR, <A
IRTVUFAXIF 74 —T%, 5b3SHERT
HEwvz s,

BB oK & X & miik: & ORIfRE, Fig. 4 1R
T, EER 0.5~ 1.0k % & AT
HI Ebhot. Zhik ¥¥Xe TS
7z J. Robert @ &2Ei<>, ®Rb % V>, mammary
carcinoma 755J7 0 Sarcoma 180Ty ic-o7o[HlE
HEORFE X /LT 52,

EMmE L v 150 1« @ cFT T, Hypoxic,
o Anoxic {2icbh E# 2 B R 4. Thomlinson
& Gray (1955) 2%, Jifijfs 160fERH] % BFgE LT
ERE 2004 L o> tumor cords % & -oir b DL
i central necrosis #7R L, 160u[LIFicizzh
BRRBRhhof ik <X TwA,. Inch? 12X %
&, C3HIE=vaTcmEOIL, [HEDOKXE
EP, lemlFod & % ic (339,600, 1 ~10cm?
D & FTiX10,500, 10LAEDE & Wik 4,500&

HARE SRS H32% Hs58

WAL TR EBRTSE, Fieby, EEoK
FaLMEOR EOBIR L, TEE DK E X & fif
B OBOBRIT X —B LT\ 5.

X, EHORE I &miEEoM ORI, B
HOBREXRTH -7 L —FHKLTwB L
#Fz bhb™,

JES O mPRES b oy, B 2k
T, FREPINCED, =—n )y v FTFEE
Tl bhi, 2oz LEERTL LIFL
IEBRTHZLTHOT, AXEKERy vl F
& DA CREMCIR O B, JERC R
HWAMEWC Ll X ThB. Oz LT, EE
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FWEERATHRERERTFCTHHE LEFTTIO
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TEROBETLRZEORVEFIE, Evd
DA, f3EOMPFEREETR 3 2 & dibdo
fo. SUMEER X 9 42 Uloiase, BEMEIR% 7o LiclE
W, FEIERE, SUREIefEEIT, e T ik
BERLTED, HEHRRSZEE-C E25EH
ThTWE, fSEELBVOTH, RERENC
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