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Clinical study of combined radio-thermotherapy for radio-
resistant tumors

I. Clinical experience with microwave-induced hyperthermia in combination
with radiotherapy of superficial malignant tumors
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Masaji Takahashi and Mitsuyuki Abe
Department of Radiology, Faculty of Medicine, Kyoto University
Sumio Suyama and Eizo Yabumoto
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Akira Matsumiya
Division of Radiotherapy, Department of Radiology, Kawasaki Medical College
Toshifumi Nakajima and Yasuto Onoyama
Department of Radiology, Faculty of Medicine, Osaka City University

Research Code No.: 600.5
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Seventeen cases of superficial malignant tumors considered to be refractory to conventional treatment
modalities were treated by thermotherapy in combination with radiation. Heat was generated by a microwave
apparatus of 2450 MHz.

Fourteen cases which received complete thermotherapy were analysed and the following results were ob-
tained.

1. Intratumor temperature of over 41°C was obtained in all cases and teraperature of over 42,5°C was
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achieved in ten cases (71%).
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2. In five out of fourteen cases, both intratumor and adjacent normal tissue temperaturcs were measured

and intratumor temperature was approximately 1°C higher on the average than normal tissue temperature.

3. Phantom and clinical examinations demonstrated that effective heating depth obtained by this ap-

paratus was approximately 3 cm from the surface.

4. Of eleven cases who hadn't received any radiotherapy, five cases showed complete regression (46%),

three cases partial regression (27%) and no regression was observed in three cases (27%). Of three cases who
had received full course of radiotherapy, two cases showed partial regression (67%) and one demonstrated no

regression (33%).

It was concluded that this heating unit was applicable to the thermotherapy for superficial malignant

tumors.

Radiosensitizing effect of heat was suggested, however more clinical experiences are needed to evaluate the

definite usefulness of this treatment.
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Fig.

Thermal distribution of horizontal plane (a) and vertical plane (b) taken by thermograghy unmit.

The distance between two white arrows is 10cm.
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Table 1 Treatment site

Case No.
1. Fresh cases

0 =

Neck node
Breast
Breast skin met.
Lip
Skin
Skin axillary node met.
Parotid gland
2. Re-irradiation cases
Neck node
Total

OGO b b b e

—



978—(48)

AAREZENHAESHE H40E $105

Table 2 Cases of incomplete treatment

Case No.

Hyperthermia

- . Primary site Treatment site | Reasons for l
. Sex ' Histology : local findings ! Temp. (°C) i incomplete treatment i
1 Hard palate 7 5r:m><\5 2cm ‘
- S | S — —— 40 intolerable to heat |
i 82 | M 5.C.C. i ﬁxed ne(k nod.a |
I $2 | Parotid gland | 7. 5cmxb 2cm 5
S e [ 11.5 intolerable to heat |
i 66 | F | adenotd cystlc ca. | prlmary site |
| £3 : Skin 12.5em x ch :
DI 0] o : 42.5 intolerable to heat
i 69 r F | S.C.C. fixed axlllary nlCIEI(
5.C.C. : squamous cell carcinoma
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BB LI 2 O = F oL F — DWFHIC X B A
BT - 1.

ek, 17 4 Bl AbFHRE & 5 I iR

ORFEPFHZ T -7, 5% 1 fli: St
%5 5-FU oB®iRpMNE: AL CH- 1.
5 B

1. BEAFE
AR © 5 5 36 28O LB Fia
Dtz d i,  1EIL A BT I ieh - fods

(Table 2), filio 146NE T EBHEP K TAIRETH -
o, BRI o IS PN I SR & 7 OB DR E
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Fig. 3 Relationship between the temperature and
the depth of sensor inserted into tumor
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S R > T, Fie, AHE RS 2 (@
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Lic, FI2H2 14E 1 » BB, EMER S
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4. EIER

DMEBREE I X B BIFER & Uik llEsE 2 b
FohTwnd, FEEELKT TE140Tik
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o fc. FEGI 8 THW OBEMA B Uicht, Mg
TRRRH IR b RBEOREENJ A LTk, iR
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L% RETHE, W, 3k ~q 2 ey,
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5%, Z05b, BT CERB LyrmET
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JERE' VR IEEAL 25 BRE S s &5 B 225
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After treatment

Fig. 4 Effects of thermotherapy in combination
with rodiotherapy on locally advanced breast
cancer,
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BB T 196 D FAEMENEE < il P B G e 2
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(46%), HBM L3 (27%), ME&hix 34
(27%) Thoic.

3 Bl o T RSB -3 5 RO s R ia IR o
hix, 2BIERRE, 1 BIrvESTH .

983—(53)

PLEORER &, IR X 5 B ki
ROFFENTR S hicht, KikoHEY ZBH
RS % 7o b SR BTG % I 2 THGET 5.

AMEETICHED, FROUBHLREE L LK
KRG RRo FRUERC B®HLET, KF%xo
— ik, EAEENATEYE S (FFEREESS5—5),
S S RE R X Y iTiebii,

X W
1) Dewey, W.C., Hopwood, L.E., Sapareto, S.A.
and Gerweck, L.E.: Cellular responses to
combinations of hyperthermia and radiation.
Radiology, 123: 463—474, 1977

2) Kim, S.H., Kim, J.H. and Hahn, E.W.:
The enhanced killing of irradiated HeLa
cells in synchronous culture by hyperthermia,
Radiat. Res., 66: 337—345, 1976
Suit, H.D. and Gerweck, L.E.: Potential for
hyperthermia and radiation therapy. Cancer
Res., 39: 2290—2298, 1979
Harris, J.R., Murthy, AK. and Belli, J.A.:
The effect of hyperthermia on the repair of
radiation damage in plateau phase cells.
Radiology, 119: 227—229, 1976
BfEAAZE, ckEFR, EAREY, W &, W
BT 1 =4 7 n B X5 mEEKEE -
WT, #Y 36F A AR SHE B 44, 1980
(&)

FIMEIES, Ll WA & 4E ERET
LAfRTEE, 120 341—349, 1974

Cetas, T.C., Connor, W.G. and Boone,
M.L.M.: Thermal Dosimetry: Some bio-
physical considerations, Cancer therapy by
hyperthermia and radiation, Streffer, C.
et al. edited, U & S, 1978

WE M, hRAeX, #HARRT, ETH-—,
PNEFINEEA 0 <4 2 = 3 Hyperthermia 1 %
vra RERIE, #5390 AAKES KHRFER
4:, 1980 (fi&)

Short, J.R. and Turner, P.F.: Physical
hyperthermia and cancer therapy. Proc.
IEEE., 68: 133—-142, 1980

Nakajima, T., Matsumiya, A., Ono, K.,
Hiraoka, M., Onoyama, Y. and Tanaka, H.:
Combined radiothermotherapy for bladder
tumor. Kawasaki Med. J., 5: 125—129, 1979
WEEFE, EAE—, WiEEE, ShiER B
BesE o Hyperthermia #i3k : Bleomycin 3 X
U & o BF RS Ic 0w T, B, 13
394—405, 1978

Spratt, J.S., Adcock, R.A., Muskovin, M.,
Sherrill, W. and Mckeown, J.: Clinical

3

4

5

6

7

g

9

10]

11

—

12



984—(54)

13)

| ;1)

—
23]
—

16)

18

—

19)

delivery system for intraperitoneal hyper-
thermic chemotherapy. Cancer Res., 40:
256—260, 1980

Hahn, G.M., Li, G.C., Marmor, ]J.B. and
Pounds, D.W.: Thermal and Nonthermal
effects of ultrasound, Radiation biology in
cancer therapy, Meyen, R.E. and Withers,
H.R. edited, Raven press, 1980

Storm, F.K., Hanison, W.H., Elliott, R.S.
and Morton, D.L.: Normal tissue and solid
tumor effects of hyperthermia in animal
models and clinical trials. Cancer Res., 39:
2245—2251, 1979

Abe, M., Hiraoka, M., Takahashi, M., Ono,
K. and Nohara, H.: Clinical experience with
microwave and radiofrequency thermotherapy
in the treatment of advanced cancer, Presented
at the third international symposium on cancer
therapy by hyperthermia, drugs and radiation,
1980 (Fort Collins, U.S.A.)

FrEfdesE, WIER, PEFAS, PREE: R
PrAEATHERE 5 3 5 e R G4 & fic A 5L R 1,
bl o ISR BT B BF7E. ARG ML,
841 241—255, 1980

Kim, J.H. and Hahn, E.W.: Clinical and
biological studies of localized hyperthermia.
Cancer Res., 39: 2258—2261, 1979

U.R., Noell, K.T., Woodward, K.T., Worde,
B.T., Fishburn, R.I. and Miller, L.S.: Micro-
wave-induced local hyperthermia in com-
bination with radiotherapy of human malig-
nant tumors., Cancer, 45: 638—646, 1980
Arcangeli, G., Barni, E., Cividalli, A., Mauro,
F., Morelli, D., Nervi, C., Sparo’, M. and
Tabocchini, A.: Effectiveness of microwave
hyperthermia combined with ionizing radi-
ation: Clinical results on neck node metastases.
Int. J. Radiat. Oncol. Biol. Phys., 6: 143—

20)

21)

22)

23)

26)

27)

AR M 2 B4a% g8
148, 1980

Hornback, N.B., Shupe, R., Shidnia, H.,
Joe, B.T., Sayoc, E., George, R. and Marshall,
C.: Radiation and microwave therapy in
treatment of advanced cancer, Radiololy, 130:
459—464, 1979

Harisiadis, L., Sung, D.I. and Hall, E.J.:
Thermal tolerance and repair of thermal
damage by culiured cells. Radiology, 125:
505—509, 1977

Urano, M., Rice, L. and Cunningham, M.:
Effect of fractionated hyperthermia on normal
and tumor tissues in an experimental animal
system. Treatment of radioresistant cancers,
Abe, M., Sakamocto, K. and Philips, T.I..
edited, Elsevier/North-Holland, 1979
Overgaard, J.: The eflect of local hyper-
thermia alone, and in combination with
radiation, on solid tumors, Cancer therapy by
hyperthermia and radiation, Streffer, C. et al.
edited, U & S, 1978

Stewart, F.A. and Denckamp, [.: Sensitiza-
tion of mouse skin o X-irradiation by moderate
heating. Radiology, 123: 195—200, 1977
Stewart, F.A. and Denekamp, J.: The
therapeutic advantage of combined heat and
X-rays on a mouse fibrosarcoma. Brit. J.
Radiol., 51: 307—316, 1978

Gillette, E.L. and Ensley, B.A.: Effect of
heating order on radiation response of mouse
tumor and skin, Int. J. Radiat. Oncol. Biol.
Phys., 5: 209—215, 1979

Overgaard, J.: Effect of misonidazole and
hyperthermia on the radiosensitivity of a (3H
mouse mammary carcinoma and its surround-
ing normal tissue. Brit. J. Cancer, 41: 10—
21, 1980




