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In radiobiological point of view, it is one of the important ploblem to destroy radioresistant hypoxic
cells in tumor for enhancing radiotherapeutic effect on tumors. Recently, radiosensitizers of hypoxic
cells are being paid attention as one of prospective means to overcome hypoxic cells. In present paper,
effects of misonidazole (hypoxic cell radiosensitizer) on squamous cell carcinoma (s.c.c.) and
fibrosarcoma in WHT/Ht albino mice irradiated by even or uneven dose fractionation regime were
studied in relation to tumor reoxygenation.

The sensitizer enhancement ratio (S.E.R.) of misonidazole in s.c.c. calculated from the ratio of doses
to be obtained the same surviving fraction in the survival curve of tumor cells exposed to x ray with or
without misonidazole. |

As a result, S.E.R.s of misonidazole were 1.2-1.3 in low x ray dose range and 1.5 in high dose range
in use of drug of 0.5mg/g of body weight, and 1.3-1.7 in low dose range, 1.9-2.0 in high dose range,
respectively when was given the drug of 1.0mg/g. The D, values of survival curves of epithelioma cells
decreased from 160 rad to 120 rad in the first segment and from 320 rad to 260 rad in the second
segment in 1.0 mg/g drug administration compared to control survival curve. These results may suggest
improvement of cure rate in tumor like s.c.c.

On the other hand, in fibrosarcorna the decreasing of D, values were not: so clear. The results of
experiments used uneven dose fractionation scheme on s.c.c. showed better cure rate than even frac-
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tionation scheme. In the tumors treated with severzl kinds of irradiation scheme using misonidazole of
1.0mg/g the cure rates spread between 0 and 87.5%, and in the group given signle-shot of high dose of
misonidazole only one time on the last day of uneven fractionation regime showed the highest cure rate.
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T T T T

Fibrosarcoma
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o-—--8: Misonidozole
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Fig. 1 Surival of clonogenic squamous cell car-
cinoma and fibrosarcoma for radiation alone and
misonidazole as detemined by TDs, assay
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Table 1 Early skin reaction scores

0 no detectable change

0.5 doubtful if different from normal

1.0 definite but slight reddening

1.5 severe reddening with swelling or dry desquamation

2.0 moist desaquamation in one smoll area
(usually between the toes)

2.5 breakdown of a large area and/or toes stuck together
3.0 breakdown of entire skin of foot with moist exudate

FHRHBT A, fFA-RELTSS 7L
D REIMBED Dy kDB &, BELEBOSH
A5 1 4 T160rad(1.6Gy), 252 #1T320rad(3.2
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#ix, BELEREDOSE4E0.5me/g BEEEET600rad
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2.0
—a_
s
1.8
2
=] X
: 1.61 g
é Wes = :::37‘-_-0
3 GGGy :
gLl 0——0 : Hisonidazole 0.5ma/a
& c/ ®——8 : Misonidazole 1,0ma/g
1.2 Fibrosarcom:
¥——% : Misonidozole 1.0mg/o
' 1 1
0 500 1000 1500

Fodiation dose (rod)
Fig. 2 Dose-enhancement relationship of misonid-
azole for squamous cell carcinoma and fibrosar-
coma
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O—0 : Radiotion alene 3000rad
o—=a : Rodiotion alone 400Orad
¥—x : Hisonidozole 1.0ma/9 + 300Grod
1000 Bty Misomduzole 1.0ma/g + 400Orad

;
ﬁg{?

Fibrosarcoma

/{/}

Volume (mm’)

f/
N\

1.0
1 3 5 7 911 131517 19 21 23 25 27 29 3]
Nays ofter final irradiation

Fig. 3 Regrowth curves for fibrosarcoma irradiat-
ed with 3000rad, and 4000rad alone, or with 1.0
mg of misonidazole. Bars represent S.D.

Bl 5w RE T % %ic Table. 2 TR L —
HO Al 2 -V TCERYT - o, WiTh ot
MeARE122,000rad(20Gy), RAHHARIX 5days/w,
EHO 1=y 240 oy 5ERix]l.0mg/g & L
T

Fig. 4 iR ERBE k15 1 @RS, SR

Table 2 Schedule of the experiments with dose fractionation of x-ray and
miisonidazole treatment. (total dose 2,000rad)

_— Day
ExperimentaTé‘r:'o-ﬁ-ﬁ.___ 1 2 3 4 5

Group I . Uoorad knorad 400rad 400rad §00Orad
Radiation alone A é é i ﬁ 6,
Misonidazole :B 0.2mg/g 0.2mg/g 0.2mg/g 0.2mg/g 0.2mg/g

+ Radiation :C 0.5mg/g 0.5mg/g
(1.0mg/g) :D 1.0mg/g
Group IT 667rad 667rad 667rad
Radiation alone A 4 4 4
Misonidazole :B 0.33mg/g 0.33mg/g 0.33mg/g

+ Radiation :C 0.5mg/g 0.5mg/g
(1.0mg/g) :D 1.0mg/g
Group T 850rad 100rad 100rad 100rad 850rad
Radiation alone 1A 6 & & "z é
Misonidazole B 0.2mg/g 0.2mg/g 0.2mg/g 0.2mg/g 0.2mg/g

+ Radiation :C 0.5mg/g 0.5mg/g ;
(1.0mg/g) :D 1.0mg/g
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1000 ;(
100
Fibrosarcoma
r
O—0: control
10 y— : 400rad x S5/w
A—aA: 850,100,100,100,850rads/n
@—®: 2000rad x |
1.0

1 3 5 7 911 13 15 17

Days after final irrodiation
Fig. 4 Regrowth curves for fibrosarcoma irradiat-
ed with various schedules,

Squamous cell corcinomo

A——a i CONtrol

1000 o——0: 400rad x 5/w

»——x : 667rad x 3/w

e——e : 850.100,100.100.850rad/w

B 1 2000rad-x 1
%’

/
L

WI—=5 7 31113 15 719 21 5 5% 27 & 31
Days ofter final irrodiation
Fig. 5 Growth curves for WHT/H% mouse
squamous cell carcinoma irradiated with 3 kinds
of dose fractionation schedules without misonid-
azole Bars represent S.D.

S

Volume (mm*)
= -

BEUOTRHEBHOKERTH B, Z OESHTE2,000
rad (20Gy) % 1 EICFBET L7 b © TIREE I
BRERBDIN, TEOHETTRL BHDE
BRA EHEF LTI,

Fig. 5 BRAMRCRFE LRSIk T 5 R %R
LichoTh s, EBEEEOENE Group 1 &
Group Il © ¥% 4 EI RS B TR AT B 3

AAEFRM Y SME F43% Flos

~4 HRRLWEAL, Zo#%I6~17THB ¥ T
Dafi, BOEALRT Vo B iRy
BLTWwk, —7, Gsoup D R¥gEE 4508 b2
Tllregrowth curve LR 2 Z & £ h 4o
-2 BENBABMETEE Y, ¥tk o
v -2 3\, DO IEIRTH Y REE
200 BYHEIZE/ N E T o7z, 3FOLE X b EEH
HlZh B v B B ic Group o AR 84 43451 R B

1000
O0—0 : Radigtion alone

®—*® : Misonidazole 0.2ma/q x 5
&b ¢ Misonldozoie 0,5mgig x 2
%—% : Misonidozole 1.0ma/g x 1
o
222 d
1t10“c ﬁ

E J/xaxk
= 10 %g % | ,«/K
M| A1,
-
I '
]
VIS5 7 90 3517 18 21 5 2 27 293
Days ofter finol irrodiation
Fig. 6 Regrowth curves for WHT/Ht mouse
squamous cell carcinoma irradiated with or
without misonidazole. The detailed methods of
experiment were shown in Table 2
a) Experimental Group I. 400%5/week Bars
represent S.D.

.

N

1000 o—0 ; Radiation alone

o— : Misonidozole 0.33mgfg x 3
&— : Misonidozole 0.5mo/g X 2
x—HK : Misonidazole 1.0mg/g x |

Wo\

wol 4 L

g -

Wt

3 5 7 911 153 15 17 19 21 23 25 27 29 3]

Days after final irradiotion

Fig. 6 b) Experimental Group Il: 667rad X3/
week Bars represent S.D.
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1000
0—o0: Rodiation alone
®—e: Misonidozole 0.2mo/g x 5
VLl & Misonidazole 0.5mg/g x 2
¥—X : Misonidozole 1.0mg/g x 1
100 %
2
10

\

\ ~
L) e

\@{ -

I 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Doys after final irrodiation
Fig. 6 ¢) Experimental Group I1:850, 100, 100,
100, 850rad/week Bars represent S.D.

HER T, 2,000rad 20Gy) #4EleTic 1
EIfRS LB e R BHEROBEH M LE L
BHEALRHMIIEEY, 260FKA%EL TAH
5 EDEREOFTVRBHFTH -,

Fig. 6a,b,c % Table2 DBE A+ 2 2 — 11T
3 1 % group 5l @ tumor regrowth curve T &
%, Who group ThFEHL.0mg/g DBEX R
HEKBZHELL S DOMBRHENEL, 58
EE A 2 EH D 1 B SRR BIZoh

Number of tumor cured mice for 90 days

1 2 3 4 5 § 7 |Cure

rate

Group I A 0

B 0

C L] 37.5

D el T 62.5

Group 11 A 12.5

B 25

c PP T 62.5

D {2252 2 £y i) 62.5

Group II A B 37.5

B R 50

c o e 75

o [ P T B e 87.5

ZD[JOrﬂT 25
single

Fig. 7 90days cure rates for WHT/Ht mouse
squamous cell carcinoma after irradiation with
single or 3 different dose fractionation schedules
of 2000rad
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3.01
B
]
= B
g A DE
8 2.0 A T
£ DE
% AB
= c
o
£ 1.0
CDE
2000 3000 4000 6000

Radiation dose (rod)

Fig. & Dose response for early skin reaction after
irradiation of X-ray with or without miscnid-
azole

A: Single dose, radiation alone, B: Single dose,
combined with misonidazole 1.0mg/g, C:
400rad X 5/week, D: 667rad X 3/week, E: 850,
100, 100, 100, 850rad/week

THRBFA L, 2% 8L THE D tumor
regrowth delay Z7R L7 $ @& Group [IDOAHy
B BRSO BAHBRA H I EHL. 0mg/g BB
ZHALIC O TH -1,

Fig. T RFELEEORERIZ BT 590H
DEBREBXBELLERTH A, BREXRY
tumor regrowth delay 12 Hoffl L, F¥5% 4520 8 5t
HOBHESERHAF L THL2CER T
To, EEEEARBEERL. Ong/g 2 FAL T,
Group I 400rad (4Gy) X5/W @R & 4l 5 B
SEIRSTHHATRERRIO%THo, L
2L, Group LIOAHE 5 EISHRF TR BT BT
$37.5%DBMENE L h, FH*BHEEHKE
1EGFAT % L87.5% L BV IBMIZE A E bhic,

3. IEWHRE - 3T 5 sk

Fig. 813 1 BIREH I 35 v 5 B 51 6% 4 2 i 44 BF
& misonidazole 6f FIfBET ¥, ¥ X U EIRS
BHOIEREMO LEL RHMBEULCT o 1R
TH%, skin score DFRICER L Tid Bl FUEA
BRICGELRRIRERE Ui, BURBET & EH
DR L ORI ZERXRD T, FAoERHTCS
T h400rad (4Gy) X5/W @ B E CHE T KIE
DEHTHHEE T 3 EOMIICIL skin score 1T
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X, AH%GEREE 317 5 misonidazole D
GEHICOWTIE, RS-SRS L D B R
H iz misonidazole 1.0mg/g BEXHE Lizb D
TIHRERNERCH ELTWi, ChboiESsE
(AN 4 BB ST L T 0B © S SR AR I b~
TRIFIZ reoxygenation %4 U X818 %5 8%, Fh
THEBRFMRIEFET ATHA S LHES L
B, B o THER A TIREBRR M & 3/ 0 A
EHPITHRCER  Bicix, TEYESERE L -
T reoxygenation # TE 5720 &E U &2 -HBIc
BAr 1 5 EMFEM I misonidazole I H 5 %
RILBH A 7 22 — k&4 OFEFH L THW
BLEDBEEIZEEZLNS,

misonidazole @ IE i ic X3 % EZ& i1z o\
TREEHRAZD LT, BFCT 5 HBER
134 ® % ¥ therapeutic gain factor Ic 43 %
EBbhic,

V. # 5B

WHT/Ht =y RIcHAREL, T0BRNRE
fEZF T T 2R LS & RERNED 2 BlED
MBI DR 2 RBREZ oW EEHCBT S
BRSROMEER P OICHE Ui,

AR X © %7z misonidazole @ 5 ER) R 1
R EEBEOSBE, KEEET0.5mg/g FHOE
£1.2~1.3, 1.0mg/gE B 0 $H £1.3~1.7C H
H, BSREKTIRX0.5mg/g T1.4~1.5, 1.0mg/g
Tl.9~2.0CH -7z, ¥ 7= DyfEi % 1.0mg/g
CH 1 4#H120rad (1.2Gy), 22 8T260rad (2.6
Gy) b &85 2 LT EHRBEROE _EMXRD
bhiz, —75, HEAETH1.0mg/g DEF TL.5
DR LB S Z LN TE 5 S DD DyfE 3550
rad (6.5Gy) LIF & i bd, ZokEkiEEici
BFEHREIHEBENCIIBERICE O 22 B
e,

R ERRETE, BESERE & THEHE



FEFI584E10 25 H

PSR D B Tl B I B E O IR R ER T
e, F 7ol 4 D IREHE & misonidazole 1.0mg/
gHREAELELERTE, HHEZISTO
~87.5% LB OB\ 2R, g% HEIfEs
FRACIERERSZ LI OREIEEALER
HFThote, X, EFMHEMC DL T misonid-
azole DB R L RD T d oIz,
S BERRAT b EER R M A 1 A 7 R 3% 48l
BEHE AR BT g& 4« DFEBCE - T
EORE, BEZHED critical ILfB T B 0%
BT HLERDD LE LRI,
AL OE T LHLTE S X U926 B A HAHRFE S LM
W4, H39E B REFBHGFLEHBECTHERLL,
X m
1) Glassburn, J.R., Bready, L.W. and Plenk, H.P. :
Hyperbaric oxygen in radiation therapy. Can-
cer, 39 : 751—765, 1977

2) B B, FEHI, JFL#E, EERE, thE
%, B S SEESE T BRI o B RAYRE
fii. #EOEEF, 24 : 876—882, 1978

3) Inch, W.R. and McCredie, J.A.: Effect of
breathing 5% carbon dioxide and 95% oxygen
at atomospheric pressure on tumor radiocur-
ability. Acta Radiol., 4: 17—25, 1966

4) hEERE, HEBE KK TREV A (95%0,+
5%C0.) BAFRAOER BOBK, 24
871—875, 1978

5) WARBE | BMEREc ks ABERGROEE
HEH L T ORA, MoK, 20:56—58, 1974

6) Hewitt, H.B.: The quantitative transplanta-
tion of sarcoma 37 into subcutaneous air
pouches in mice. Brit. J. Cancer, 10 : 564—569,
1956

7) Urtrasum, R.C,, Brand, P. and Chapman, J.D.:
Phase I study of the nitroimidazole Ro-07-0582 :
A specitic radiosensitizer of hypoxic tumor
cells. Abstracts of paper for the Twenty-fifty
Meeting of Radiation Research Sociaty. pp. 101
—102, 1977, San Yuan, Puerto Rico

8) Gray, A.]., Dische, S., Adsmes, L.R. and Thom-

linson, R.H.: Testing of the radiosensitizer

1231—(67)

Ro-07-0582. LII, III. Clin. Radiol., 27 ;: 151—174,
1976

9) McNally, N.J., Denekamp, ]., Sheldon, P.,
Flockjart, IL.R. and Stewart, F.A.: Radiosen-
sitization by misonidazole. The importance of
timing and tumor concentration of sensitizer.
Radiation Research, 73 : 568—580, 1978

10) Denekamp, J., McNally, N.J., Fowler, J.F. and
Joiner, M.C.: Misonidazole in fractionated
radiotherapy : Are many small fraction best ?
Br. J. Radiol., 53 : 981—990, 1980

11) Frildman, M.: The Biological and Clinical
Basis of Radiosensitivity. pp. 548—560, 1974,
Charles C. Thomas, Springfield, III, 1974

12) Howes, A.E.: Reoxygenation during
fractionated irradiation. [In] Time and Dose
Relationships in Radiation Biology as Applied
to Radiation Therapy. pp. 234—241, 1970, Broo-
khaven National Laboratory

13) Howes, A.E.: An estimation of changes in the
proportions and absolute numbers of hypoxic
cells after irradiation of transplanted C;H
mouse Mammary tumors. Br. J. Radiol., 42 : 441
---447, 1969

14) PTEREsE, NEFILEA, A=, @EERIL, R’
Nii—, WHENRTF | RS RERRR o
B 5P, BEBEEE, 37 325—334, 1977

15) SREND=ER, WHES, REEKR, Ph&EFE,
FIERJEsE, E4%E, BEER, BT, M
RE, NAL= RS SElBeE, MoK,
25 11233—1242, 1979

16) lechhorn, H.J.: Different fractionation sc-
hemes tested by histological examination of
autopsy specimecs from lung cancer patients.
Br. J. Radiol,, 54 : 132—135, 1981.

17) Eichhon, H.J. and Lessel, A.; Kliniche U nter-
suchungen uber Bedentung Unterschiedlicher
Fraktion Inurgsrhythmen fur die Strah-
lentherapie. Radiologia. Radiotherapia., 16:
437—441, 1975

18) %k M IE : Hypoxic cell sensitizer Ro-07-0582
DOBEHRERESE, WO ETEBEC X
% reoxygenation IZBI3 % BRI, fBAEE
£5%, 53(4) © 187—204, 1979




