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Intraoperative Radiotherapy in Combination with Misonidazole ; in
Special Reference to the Drug Concentrations in Tumors and
Normal Tissues and to the Initial Effect
of the Treatment

Masaji Takahashi, Kouji Ono, Daizaburo Hamanaka, Yoshihiro Dodo,
Masahiro Hiraoka, Takehirc Nishidai and Mitsuyuki Abe
Department of Radiology, Faculty of Medicine, Kyoto University

Research Code No.: 600.4
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A hypoxic cell radiosensitizer, misonidazole, was applied to 28 patients with carcinoma who received
intraoperative radiotherapy. A single dose of 2-3g,/m? of the drug was given orally to each patient three
hours prior to the start of general anesthesia. The levels of misonidazole and its metabolite, desmeth-
ylmisonidazole, in blood, turnors and normal tissues taken from excised materials were measured by a
high performance liquid chromatography.

The results showed that the concentration levels of misonidazole and desmethylmisonidazole in blood
correlated neither to oral doses of 2-3g/m?® nor to the function of time after drug ingestion until eight
hours. The mean value of blood levels was 77.1+10.9ug/ml.

A wide range of 10-96% of the blood level was found in tumors. High levels were observed in gastric
cancer and brain tumor (glioblastoma) but not in colorectal cancer and osteosarcoma. It was, however,
likely that the concentrations in tumors depended on tumor sizes and/or necrotic areas rather than
histologic types and/or sites of tumors.

It was also noted that the concentration in normal tissues ranged widely from 11 to 87% of the blood
level. Higher concentrations showing more than 75% were found in the ulnar nerve, the stomach and the
skin. However, 3 of 4 materials for the stomach and 2 of 3 materials for the skin showed low levels of
less than 30% and less than 22% respectively.

In 27 of 28 cases different doses of 28-50 Gy with different energies of electrons were delivered
intraoperatively. It is impossible so far to derive conclusive results of this study, really because of the
short period of observation following the treatment.
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Fig. 1 The serum concentration of misonidazole
(MIS) plus desmethylmisonidazole (DESMIS)
related to time after single oral doses of MIS.
Symbols show different doses of 2.0(A), 2.5(0)
and 3.0 (o) g/m?
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Fig. 2 The concentration of MIS plus DESMIS in
human tumors related to time after oral adminis-
tration of MIS. Key ; © gastric cancer, O color-
ectal cancer, 0 bone tumor (3'chondrosarcoma,
o ?osteosarcoma), A soft tissue tumor (Aldes-
moid tumor, A*ibroliposarcoma, A*malignant
fibrous histiocytoma, recurrent, A‘epithelioid
sarcoma), (D glioblastoma and @ metastatic
lymph node of colonic cancer.
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Fig. 3 Percent tumor/serum concentration of MIS
plus DEMIS. Symbols are same as those indicat-
ed in Fig. 2.

469--(77)

SOOI EE L D b i EE Y R
N, KERBELALREMoT, LsL, HEIELD
TREBHCEHAD LT, LicdiaT, EBED S
DALEEXHE LTI, BEIRER DM
TEBETE, BESAN E QICRYZEChH -1,

3. EWH#BA I BE

BFHEE bt EhicEEEBcowT
MIS BERE 1T\, #ER% Fig.51cR L, F
HHBITI T & TR & RE & oI
Bhiam ook, MIS IRAIE 6 ~ 7R3 & 089
R B E R R TEANE  ZAbhi, 25 kD
5 LISEAXI0ug/g LT TH -7, ERIL 4 4
D5 Y 1 PlCEfE (68.7ug/g) iR LIcH, fio
3BUE2ug/g T THY, B 4 ik 14
A355.9ug/g THb @ 3 Hli317.1~23. Tug/g 7c @
T, BEM, BrBRNcEfTsboTidins
Zrbhs, BATRIFO S 2 FH52ug/g
AR LI, fFERTE, AIHBEEECEhFhI5.9
1g/g B X U11.8ug/g TIRIETH - 7o hs, REM
BTRREHRIFHEZETH BT 20b 5T,
41.6pg/g THERMBEEL R Lz, FEIHESIT 3
Bl 2 BIA325~26pg/g TH Y, FEEOE LR
L7z, X bzl e s+ 5 Hx sk, Fig. 6 12
AL 21D 5 B 1IRERIB%ULTCH - 1o,
REMETILIRMLELOD Y, Rk84% %2 T
L, KM T 5D MIS ORFEHIE - &AL
5 bibh b,

4, FEB

MirPBEEORE AR L OEBEXS LS
performance status %, Table Ia, b, c IZ7® L7,
BEHR R, MIS ciEET 5 EI1ER (&
Bk L ORHARERE) A@EDbhiehotz, 28
Bl 5% 261 CGEFI9, 15) H3FET- Lz, fEH 9 D
FEEE, BEIBEBIZL 5 0CH b, CT Tikflith
BAMCERIBD itk iz, EFISE,
RoBFEL—FELORIbOD, FREPHET
BT ERTERh T, BABERMNhERE - BE
1T > 7%, adriamycin & methotrexate %
D& LAcili ) e b8k nz 55, BTERE
EREBZRSBErE, FAELTLHA
B NTBISERM 2 KT LS 2, SHHH



470—(78)

AENGBRERIE A U oS SAL¥EEEL T - C
Wa, ThETRTHOBRED > B 2 flichits
BERDL, WEBCH L CMbERELEET
BHHH, HEENRHE TGy (1 H 2Gy, &
SENHBHTAZ EbDHoT, 50Gy L - TH
COBE, MEBREEHEEALTWS,
% =X

HHERMEHR L LT, Tt ey vy
3 v vR95%0;+ 5 %CORE H ABMADAEL D
RTERLO UL, METRE—KEERGRE
(BN EB L hicicd hhb b3, EREE
PR LR Mmoo TR U T RAT SR
BLEbLLRdr -7, FORRELT, BEPL
rAVALE Y § O VILESHICHE, 7BEIh3
0T, EBRFMREE CETHENTET, L
oo TEBFEMRAZER LB bTH

Tumor/serum concentration (%)

Tz 72727227
/7777272777772

LSS A7)

B, 0780,
s Ip,8 Iy
Material

, 4o - )
-toé & Ty 693:1‘;3 (“‘D'é@_p. %

Iple
] —

HAREEHRFSME H43%E 35

AjEEZBRTWAD,

—7, Adams b2 & » T, BFBRMwE H ik
RO RELEHL, L ETFEAME L
EEBFMAREDR E oI, BERBELRE
ET5Z LA in vitro THRECEH S A9,
TAERRRM R O &L LT, (D B FEm
HRR L, BB L T oIS RS RE
Modbadz s, 2) £EATHRET, EVAE
BER 2 E L, Uich - TERFEME Y MR
HOILEREBRENERHHEBOhB Z &, ()
EHZHERLEZBERELTY, S5 eis
PECZ EMRERBET LR, BTEHEMMSE
OHT, TOFHEXRIMALTIOLLT,
misonidazole 7% ¥+, Mount Vernon Hospital
DRI L-THDTHRKABRILITH A
29N o E &, TCIREBIVER & L CHRRN

[o?

t*"o ).

f
rectal ca.

. N
F 4
gastric cancer

Diagnosis

colonic ca.

Fig. 4 Percent tissue/serum concentration in different sites of the tumor.
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Performance**
status

Post-treatment course

-

Dose (Gy)

Intraoperative rad.

Surgery
Removed
Curative

MIS*
(g/m?)

Diagnosis

Age (yr.)
Sex

15 mo. alive, NED

30

2.5

Desmoid tumor

Thigh

Thigh

19, F

24

14 mo. alive, NED

30

Removed

2.5

49, M

25

Noncurative
Removed

Fibroliposarcoma

7 mo. alive, NED

35

3.0

Upper arm, recurrent
Tenosynovial
sarcoma

39, M

26

Noncurative

5 mo. alive with thigh
bone metastasis, locally

30
controlled

Removed

2.5

Upper arm, recurrent
Malignant fibrous

65, M
histiocytoma

27

Noncurative

4 mo. alive, NED

40

Removed

Upper arm Epithe-
lioid sarcoma N

25, M

28

Noncurative

BAEERMHRFEEME F438 M35
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BEOSN% L EoENs bR, BHE KB
EBETR0% L FoEMETHD (Fig. 2, Fig.
3), FEAEMALE A THRE LBARASD S X Stk
zilz, Lo, BEEOKE INR—BICEIE C1ih
SV, BETHAREL, LrbERZSTEE
bREL Lo Tt [EFOB I GER YR
BMLHHEIE, ToOFHEEYRD - TFig 2,
Fig. 3l L T %, Zhuxff+ DEETLI-5
&1L, Fig ACFT T CEEMEWEE L DR
HEBTY, BEEEXEERVWEBSTRERET
By, BRETHERELRLTHHI Ehb,
WERIZ A BB L 5 12 misonidazole @ (3
TEROBML > TEREND EE 2 TTHEY
THHH, LrLEFED D BEEH0%2, b5
WE80%YE CRBEDETARL AT &
b, HFLIREVEESHEI b T
feus, in vivo EE T LB K X W EH (2.4
cm®) Thil.8DBEREENE LT W52, AR
FICEIED RS b hic W4T, & 2 EXEED
s & AR, BB \WIEBRBIE & IEE T & ofhic
%, Ash®%®, Urtasun®*23EHL T 5 X 51T,
BT REZRIREALRD bR
(Fig. 4). Tiedob, EWRBERELET 5 LSO
4Gk misonidazole B L S BFEBL TWBH 2 &%
RLTWA, AFZRICK\WT, BAE L BB
LA oS CiRESE RGO BBRE, Tibb
BIERE S E oy (BESo RIE, ik
VA RREHOMSEELTWAEDT, KGO
TEMTE0ug/mI L EOBERESR TV L
DEHEINSD,

5 EEOEREL IO\ TIEFIRE & #HERD
BifR%Z ¥ & i McNally*? D 5 — & # T,
KT HH5BEDOHEBRLYHEETHZ LNTE
5. ok R XEFEE 30~35ug/g DAL
HWREREIMMPHETCE RIS THB, — 7,
Dische!91929 3 EMFRMED & b o0 F 1§ O BIRER
LinhEE & OBGREY KRBT & 25, McNally @
F-2 EBFE—BLTWAEZ EnbIPEE
Lo CEGHEELHETE T 2R b hicom
MM TIL A, ¥ 7 51 Thomlinson' (37
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EEEOSFEMEETERD, ¥ Dawes* 1183
fE g5 (teratoma) o fifi iz ¥ o i 5§ 15 #
misonidazole X A L, ¥ hd BEEEK]L. 2% 5
fo. L L, MAREREhEFR14Tug/ml B L O
#45ug/ml EZELVENADBRTWA, ZhLE
BoBEFROFBCERLTWASDEEZLA
5. Lichio TIMHIE» bEEHMEER L #E T
HEEid, B I0% LT OES T i hiis

Biow2 EERIICIEL. 2~ 1. 5D RE G &
HhTu b, ¥ 7z misonidazole # 55 LB A % T
ORI L WMERRAYELATAEELRRTFTH S, B
BRSO peak XM PRED F L b B TH
BL, o peak R EHLIBhTREDHA
%% EERRHIICI, — BB O E 55 4 ~ 6 Rl
BT 500 #EY E ShT\W5%, fifhES D%
AL, 4 EERE G TR CRm AP RE, [EE
WL & DB BIh w5 (Fig. 1~3)
DT, T7EEN~ 8 K F IR R A e L
BHLVDEEZTVS,

EFEMTI25EARD 5 b 7TEA35ug/g L
LtoRBE LG, ECREBMHETE, IR
MEETH41.6pg/g (MAFPEELS4%) DR
B2 b h, — R L 7 epithelioid
sarcoma TRIMEDEE RO L BRI L L
Fhd.8ug/gk X U5.9ug/g & EME T Hotc
(Table lc, fEFI28). v b 3 Hidk 2 61 (FE
F1263s X 0°27) 11§952ug/g (8% F L U8T%) &
BRETH -, 8%, EEMBKI oxicThD,
L 72 #3» T misonidazole 1 X % BREVEH 13 7nu»
LD EE Z BT NN | LEE, LBRE)
WRERABRCEWT, E¥EESKcTLTD
1.1~1.20WERYR LI EBBE I A TW
%80)"—33]-

BB E & 7R LA M o 3 2 R
Mo iz o\ Tk, §E 0 trial TR R
Biehote, Ticbb, EIMEMEL(Table lc,
FEFI24~28) D 5 FITIE, 30~40Gy H3PU i B &
Th, BHEFCE T h3HAOERCRETHE
DHERFENELRDO NI, FHEREDS N
HoTWBHDT, ZThboDERDFTXTH
misonidazole IZ X » THRE I hicER L 3E £

475—-(83)

b DTHote, BPUEES X Oz~ TELE)
Tk, MApERELH60% & BIREE 2 #H4% L 7 Ash
LD F—4 LRI DIS~2UB L ERBE THo
fo. XOEHEE LT, Ash BRSO HRBURA %
L Twicw, BHEERCELRD-T2bD
LiEEEh B, T, misonidazole R
Bk 5 mEE & RAEFINL, mEESIC
F& L EThHEELBEMRLED VY, ZoEHO
o E B (Octanol /KD ECHREL, 0.43) »3
HREEERBOFRELT-TWAbDEEZ R
T\ A, ABFFIc kT3, misonidazole IZ X %
PR 2 b T\ oA, — i & DR EY:
PERER EOHMETF Lt T3, &L, B
B O KL, L\ 2-nitroimidazole {1k &
#), SR-2508 (Octanol/ 7 ELE-#70.046)) D35 R
Ehics, BERIC L - T SR-250811H R A
misonidazole £ L <, L &b Mg s»#1/3
TFTha o & RIS, BIRIGH~D A
DhiohTuwah,

BPloFED S H, 1HRRBFLPIEL, flio
27611328 ~50Gy # B4t L7z (Table 1), Bl42HH
[l 4348\ » © T misonidazole ff 7 =F BB & D 5
ICoWTDEREP L BT LirTET VD, 1B
B3 ~4h JIHER LSRR LBRTS &,
FRECIES o LR R B, E il
B T IR O 20T, W viable TolESS
AR T BB D bl o 13 iR
BB OBRHIRME LI » 1o X SREE
CH¥T B EE 2 BB, BEBCOBROA
MBS H 0% R A HIFES B 5 2 Tle
LEIELRER LD EEZ LR, SHELEH
Elichic 5 EBBENLETH 5,

E- |

2801 fiih B4 ic. misonidazole % §f F L 7c.
& B MEBRNA O 3 RFRIHTR, 2.0~3.0g/m? &4
L, M4 D & MK, B, E%E# D misonid-
azole 2% HPLC HricCilE Lz, 4 ~ 8 ¥t
OMAPPEEITIZ & A LB RS, Hill, #if,
i S X ARE I e ote, E722.0~3.0
g/mOFEHOH BT, MFRELFEELD
BB ED bhisd iz, 3.0g/m*TrNEH:
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