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Anti-Tumor Activities of Direct Current (DC) Therapy Combined with
Fractionated Radiation or Chemotherapy

Toshitake Nakayama, Hisao Ito and Shozo Hashimoto
Department of Radiology, Keio University, School of Medicine, Tokyo

Research Code No. : 407

Key Words : Direct currvent therapy, Fractionated radiation,
Cyclophosphamide

Anti-tumor activities of direct current (DC) therapy combined with fractionated radiation or
cyclophosphamide were studied in mice which were transplanted with murine fibrosarcoma (FSa) in
the right thighs. Using TCD;, assay, DC therapy, given in a single fraction, enhanced the effect of a
single dose of radiation with the dose-modifying factor of 1.3. Tumor control rates were more improved
by the combination therapy with the smaller doses of radiation than the larger ones. When DC therapy
was applied one time immediately after the first radiation of fractionated ones, the combination
therapy still showed the enhanced effect. However, both of DC therapy and radiation were divided in
three fractions and DC therapy was applied everytime after radiation, tumor growth retardations were
not different between the combination therapy and radiation alone. This result suggests that there is a
minimum amount of Coulombs to improve the effect of radiation alone.

On the other hand, DC therapy combined with cyclophosphamide given in one fraction showed the
same enhancement effect as those divided in three fractions. These results suggest that DC therapy
combined with radiation or cyclophosphamide is effective to improve tumor control, but the
mechanisms to enhance the effect of radiation or cyclophosphamide are different.
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Table 1 Tumor Doubling Time
of FSa Treated with Fractionat-

ed DC
Doubling Time
Treatment (7.5—15mm
(Mean+S.E.)
No Treatment 7.740.5days
DC 120min  1X 12.3+1.1
DC 60min 2X 11.6+1.3
DC 40min 3 9.14:0.9

DC : 0.6mA, Cathode in the tumor
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B o 1 HERF O E 7. 5mm #315mm @ 2 51T
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Fig. 1 Radiation dose-response curves for local

control of FSa. Tumor control probability (logit
transformation) is ploted against logarithm of
radiation dose.
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Fig. 2 Effect of DC therapy combined with radiation on FSa growing.

Table 2 Tumor Doubling Time and Cure Rate of
FSa after Treatment with Fractionated Irradia-
tion and DC

Irradiation alone Irradiation and DC

Dose(Gy)  "(Mean+SE.) (Mean+SE.)
Tumor Doubling Time(7.5—15mm)
9X3fx 17.6+1.1days 22.2+2 . 3days
10X 3fx 21.1+1.8 21.5+1.7
11X3fx 21.0+3.9 20.7+2.9
12X3fx 28.2+2.4 28.3+2.7
13X 3fx 25.1+3.7 28.0+3.3
Cure Rate

9X3fx 0/7 0/7
10X3fx 0/7 0/7
11X3fx 0/7 0/7
12X3fx 0/7 0/7

13X 3fx 2/8(25%) 2/7(29%)

DC : 0.6mA, 40min, 3 times, Anode in the tumor
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Fiz. 3 Growth of FSa which were treated with
radiation alone or radiation combined with DC
therapy. DC therapy and radiation were given in
one fraction or in fractionated schedules.
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Fig. 4 Effect of DC therapy combined with cyclophosphamide on FSa growing.
DC therapy and cyclophosphamide were given in one fraction or in three

fractions.
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Fig. 5 Effect of DC therapy on growths of FSa
which were treated with cyclophosphamide. DC
therapy was combined with cyclophosphamide at
the different time schedules.
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