Thermochemotherapy Using Radiofrequency
Current in KK-47 Transplanted Mouse Tumor
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Fig.1. Scheme of temperature measurement of
several regions. Temperatures were measured
by thin Teflon-coated probes of copper-con-
stantan microthermocouples. The microthermo-
couple was inserted into the surface (1), center
(2), side (3) and deep layer (4) of the tumor
rectum (5) and neck (control).
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Fig.2.  Photomicrograph of tumor tissue 2 days
after hyperthermia. (A) indicates the maximum
length of the tumor section. (a), (c) and (e)
indicate the maximum thickness in the upper,

. lateral and lower peripheral layers, and (b), (d)
and (f) indicate the minimum thickness in the
upper, lateral and lower peripheral layers,
respectively. (hematoxylin-eosin stain, X 16)
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Fig.3. Changes in temperature of the tumor and
surrounding tissues. The horizontal axis shows
the deep layer of the tumor.
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Fig.4. Tumor growth curves after treatment
with hyperthermia and CDDP. Each point
represents the mean=+S.D. in 6 mice.
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F1g 5 Photomlcrograph of tumor tlssue 2 hr
after hyperthermia showing dilatation and
congestion of blood vessels (arrows). (hemato-
xylin-eosin stain, X50)
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Fig.6. Photomlcrograph of tumor tlssue showmg
blood vessels surrounded by remaining cancer
cells (arrows). (hematoxylin-eosin stain, X 50)
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Fig.7. Photomicrograph of the intestine. When
the rectal temperature rose to more than
42.5°C, intestinal mucosal desquamation (arrows)
and hemorrhage were observed. (hematoxylin--
eosin stain, X 80)
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Fig.8. Changes in the percentage of the ne-
crotic area in the tumor section. Each point
represents the mean+S.D. in 4 mice.

*7 O Hyperthermia

® Hyperthermia +
25 CDDP (2.5 mg/kg)
]
154

Percentage of the thickness (%)

T T T

0 4 8 12 16 20
Time (days)
Fig.8. Changes in the percentage of the max-
imum thickness (a) in the upper peripheral
layers to maximum length (A) of the tumor

§ection. Each point represents the mean=+S.D.
in 4 mice.
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Fig.10. Changes in the percentage of the max-
imum thickness (c¢) in the lateral peripheral
layers to maximum length (A) of the tumor
section. Each point represents the mean+S.D.
in 4 mice.
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Fig.11l. Changes in the percentage of the max-
imum thickness (e) in the lower peripheral
layers to maximum length (A) of the tumor
section. Each point represents the mean=+S.D.
in 4 mice.
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Fig.12. Changes in the percentage of the mini-
mum thickness (b) in the upper peripheral
layers to maximum length (A) of the tumor
section. Each point represents the mean+S.D.
in 4 mice.
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Fig.13. Changes in the percentage of the mini-

mum thickness (d) in the lateral peripheral

layers to maximum length (A) of the tumor

section. Each point represents the mean+S.D.
in 4 mice.
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Fig.14. Changes in the percentage of the mini-
mum thickness (f) in the lower peripheral layers
to maximum length (A) of the tumor section.
Each point represents the mean+S.D. in 4
mice.

Fig.15. Electron micrograph of the tumor vessels
30 min after hyperthermia. The endothelial
cells separated by gaps (arrow heads) and
erythrocyte leakage (arrow) from these gaps are
observed. (x18,000)
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Thermochemotherapy Using Radiofrequency Current in KK-47 Transplanted Mouse
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Abstract

The in vivo effects of hyperthermia combined with ci.;-dianuninedichloroplatinum (II) (CDDP)
were studied. Heat was produced by a Thermotron-RF Model 8 at a radiofrequency current of 8
MHz, using nude mice bearing KK-47 bladder tumors. CDDP was injected via the tail vein. The
chemotherapy group was treated with CDDP 5.0 or 2.5 mg/kg. The thermochemotherapy group was
administered CDDP 2.5 mg/kg immediately prior to the hyperthermic treatment. The tumor growth
curve was obtained by measuring the tumor volume for 21 consecutive days after the treatment.
After the treatment, immediately, 30 minutes, 2 hours, 1, 2, 4, 7, 11 and 21 days, the tumor was
removed and examined light-microscopically. In addition, 30 minutes and 1 day after the treatment,
the endothelium of the tumor vessels was scrutinized through a transmission electron microscope.
Tumor growth was inhibited for 21 days after chemotherapy, hyperthermia, or thermochemotherapy,
as compared with the control group. In the thermochemotherapy group, the size of the tumor
decreased for 12 days. Comparing the thermochemotherapy group with other 3 groups receiving sin-
gle treatment, it was found that tumor reduction rate was greater in the former group. The combined
treatment significantly enhanced the anti-tumor efficacy of CDDP. In the hyperthermia group, tumor
vasodilation was observed 30 minutes after heating light-microscopically. Two days after heating, the
necrotic region of the tumor increased in size up to 80~90% in the hyperthermia group and in the
thermochemotherapy group. But 11 days after the treatment, the decrease in the size of the necrosis
was more significantly inhibited in the thermochemotherapy group than in the hyperthermia group.
The maximum and minimum thicknesses of the viable cell layers in the periphery of the tumor were
measured after hyperthermia or thermochemotherapy. In both groups, the changes in minimum thick-
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ness always showed the same tendency in all of the regions. Eleven days after the treatment, the
increase in the maximum thickness in the lateral peripheral region was inhibited in the ther-
mochemotherapy group, more than in the hyperthermia group. Moreover, 7 to 11 days after the treat-
ment, the increase in the maximum thickness in the lower peripheral region was inhibited in the ther-
mochemotherapy group. When the rectal temperature rose to more than 42.5°C, intestinal mucosal
detachment and hemorrhage were frequently observed. These complications resulted in the death of
the mice in this experiment. The endothelial cell damage observed electron-microscopically in the
thermochemotherapy and in the hyperthermia groups was found to be identical in both groups.



