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Clinical Studies on Radiofrequency Capacitive Hyperthermia
for Deep-Seated Tumors:
Part II. Results of Thermoradiotherapy

Masahiro Hiraoka, Shiken Jo, Keizo Akuta, Yasumasa Nishimura,
Masaji Takahashi and Mitsuyuki Abe
"Department of Radiology, Faculty of Medicine, Kyoto University
(Director: Prof. M. Abe)

Research Code No. : 600.5

Key Words : Hyperthermia, Radiotherapy, Deep-seated tumor,
Radiofrequency capacitive heating

Clinical effects and safety of radiofrequency (RF) capacitive hyperthermia in combination with radio-
therapy were evaluated for 28 patients with locally advanced deep-seated tumors in thoraco-abdomino-
pelvic regions. Employing an 8 MHz or a 13.56 MHz RF capacitive heating equipment, hyperthermia
was administered regionally twice a week after irradiation, for 30—60 minutes per session, 4—13
sessions in total. Radiotherapy was performed in fractions of 170—200 cGy per day, 5 days a week to
30—70 Gy in 21 patients, while the remaining 7 patients received a total dose of 28—60 Gy in fractions of
400 cGy, twice a week.

Of the 28 tumors treated, 4 (14%) showed CR (100% regression), 5 (18%) PRa (80-—100% regres-
sion), 11 (39%) PRb (50—80% regression), and 8 (29%) NR (less than 50% regression) when the tumor
response was assessed by tumor size measurement on CT scan. The tumor regression was dependent on
the tumor size and the maximum tumor center temperature but not on TDF value and the number of
heat treatment. Greater regression was observed in small tumors and in tumors heated at 41—43°C at
the tumor center.

Post-treatment CT scan has revealed remarkable low density areas in 11 of 24 tumors which did not
regress completely. Histopathological examinations demonstrated the low density area to be massive
coagulation necrosis and any malignant cells were not observed in two totally removed tumors. The ap-
pearance of the low density area depended on the tumor center temperature. Only those tumors which
were heated over 43°C showed low density areas of more than 80% in the tumor.

As the histological examination and low density area appeared on CT scan after heating are con-
sidered to be useful to evaluate the effectiveness of hyperthermia, we proposed a new criteria for tumor
response to hyperthermia based on tumors regression, histological findings and low density area in the
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tumor. When the tumor response was evaluated according to this criteria, CR and PRa was obtained in
22 and 32%, respectively and NR was observed only in 14%.
Complications consisted of 2 fat necrosis, 1 leg edema and 1 abdominal abscess, all of which

eventually resolved.

These preliminary results strongly suggest that the effectiveness and safety of RF capacitive hyper-
thermia combined with radiotherapy for locally advanced deep-seated tumors.
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Table 1 Tumor response

Tumor No. of

Response tumors Follow-up
CR 4 (14%) No recurrence 3
Recurrence 1
PRa 5 (18%) No regrowth 5
PRb 11 (39%) No regrowth 5
Regrowth 4
Resection 2
NR 8 (29%) No regrowth 2
Regrowth 4
Resection 2
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Table 2 Correlation between tumor response and
mean tumor size, TDF and number of heat treat-

ments
Tumor No. of Mean tumor TDF No. of heat
response tumors size (cm) treatments
CR q 5.8£1.3* 83+33 5.8+2.4
PRa 5 6.7£1.3 92£15 6.2%+1.5
PRb 11 8.0£1.9 98*1% 8§.9+2.1
NR 8 9.5:£4.0 87£20 7.8%2.1

*Mean+SDM (Standard deviation of the mean)

Table 3 Tumor response according to maximum
tumor center temperature

Maximum tumor center temperature

Tumor

LEpolSE 43°C< 41—43°C 41'C>
CR 2 1 1
PRa 5

PRb 6 4 1
NR 3 3 2
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Table 4 Grade of low density area in tumor accor-
ding to maximum tumor center temperature

o. of Maximum tumor center temperature

Grade
tWmors  ggc< 41—43°C 41C>
Grade 111 6 6 0 0
Grade II 5 3 2 0
Grade 1 13 0 10 3
Total 24 9 12 3

Grade III : 80—100%" Grade Il : 50—80%

Grade 1 : below 50%
*Percent of low density area in tumor on post-treatment
CT:

I, PRb11 % gradeIIl 4 i, gradell 2 4,
gradel 4 fl, %7z NR fflitgrade Il 2 {7, grade
II 34, gradel 341TH 7z, CR Hl% Bk < 2401
i) %gradeD EFE R REKNRE & OB HRY
Table 4ic7~3. grade 111 ©Z1LiX43°CLL LR
PloZIHBE L, 22 9FF 641 (67%) L&
1% B fe, grade 143 43°C LI Emig 3 #1,
41—43Chnii 2 BlDF 5 Flc@ b hiz, EH D13
Al b Tk i grade I TH -1, 41CLL
TomRICE EE -7 3BTXT, BLU41—
43°C iR D126 106 (83%) #°Z @ grade 1
ML,
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Fig. 1 Case 1 (Hepatocellular carcinoma). a A CT scan before treatment. b

CT scan after treatment
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Fig. 2 Case 2 (Rhabdomyosarcoma of the chest wall). a A CI‘ scan before
treatment. b A CT scan immediately after treatment. ¢ A CT scan 1 month
after treatment. d A CT scan 6 month after treatment
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Fig. 3 Case 3 (Lung cancer). a A CT scan before treatment. b A CT scan after

treatment

® '
»

4a 4h

Fig. 4 Case 4 (Malignant fibrous histiocytoma of the leg). a A CT scan before
treatment. b A CT scan after treatment. C A cut surface of a resected tumor.
d Photomicrograph of a resected tumor
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Table 5 Criteria for assessment of tumor response to thermoradiotherapy

Tumor Tumor Low density — area Histopathological
response regression in tumor examinations®
CR 100% malignant cell (=)
PRa 80%= <100% 80% =
PRb 50% = < 80% 50% = <80%
NR < 50% <50%

*Examined in totally resected tumor
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Table 6 Tumor response assessed by tumor
regression, low density area and histopath-
ological examinations

Resopnse No. of tumors
CR 6 (22%)
PRa 9 (32%)
PRb 9 (25%)
NR 4 (14%)
Total 28
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