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DEOXYGENATION RADIOTHERAPY

Yoichiro Umegaki, M.D.
(Department of Radiology, National Cancer Center Hospital)

Taiju Matsuzawa , M.D.
(Department of Radiology, Shinshu University Medical School)
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It is well known fact that the radiosensitivity of a cell is markedly influenced by the
oxygen tension of its environment. Clinical applications of this so-called oxygen effect
have been tried and brought into practice chiefly by British radiotherapists. Several
papers were published already. Up to now the so-called oxygenation therapy was thought
to be only one practical way to approach. The essential point of this method is to raise
up the oxygen tension within a tumor by means of the high pressure oxygen inhalation
and to improve the therapeutic ratio. The theoretical basis of the high pressure oxyge-
nation therapy was shown by Gray as Fig. 1.

We, however, have some doubts about this assumption. The oxygen tension in the
normal tissue is not always so high as shown in Fig. 1. Fig. 2 shows the effect of oxy-
gen inhalation on the oxygen tension in normal and tumor tissues. Measurements were

done with the oxygen polarogragh improved in our laboratory. The extent of rise up in
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Fig. 2 The effect of oxfée:ﬁ inf-la};.tiorl on PO,
Fig, 1 Oxygen tension and radiosensitivity of cells. in muscle and tumor

Theoretical basis of oxygenation and deoxyg:

nation radiotherapy.
the normal tissue is 5-6 times in usual and often up to 10 times. Su h a high rise up
of oxygen fension means that the oxygen tension in normal tissues is far below satu-
ration, and the oxygen inhalation may considerably enhance its radicsensitivity. Evi-
dently the rise up in the tumor is markedly less and slower than in the normal tissue.
The extent of rise up within tumors is 1.2-1.5 times in moderate size, but quite small at
the center of large sized tumor. Therefor the improvement of therapeutic ratio may not
always be expected and in unfavourable cases even the fall down may be possible.

Oxygenation, we consider, is not a sole method to apply the oxygen effect to clinical

therapy. Look at the Gray’s curve again. If we can decrease the oxygen tension in the
normal tissue below the tumor, then the improvement of therapeutic ratio will be de-
finite. However, the extreme decrease of oxygen tension or anoxia is too dangerous to
introduce it as a routine clinical procedure. Recently it has been a topic in the field of
surgery and anesthesiology how to avoid damages of brain tissue due to anoxic conditions.
General or local hypothermia under adequately controled anesthesia was proved to be the

best way to overcome this difflculty.
Fig. 3 shows the change of oxygen tension under the oxygen poor inhalation. Oxy-
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Fig. 3 The effect of oxygen and nitrogen inhal- Fig. 4 The effect of hypothermia on the oxygen

ation on the oxygen tension in tissue tension in normal and tumor tissue
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gen tension in the normal tissue is higher than in the tumor before inhalation, but at
the moment of extreme hypoxia the condition is just reversed. Although such an extre-
me hypoxia is very dangerous and impractical at the normal temperature, we can mini-
mize damages with the hypothermic anesthesia. Actually the hypothermia only without
inhalation will be sufflcient to reduce the oxygen tension.

Fig. 4 shows the effect of hypothermia on the oxygen tension in tumor and normal
muscle. The oxygen tension in the normal muscle falls down to about 1/3 of the walue
before cooling. We consider that the reduced blood flow under the hypothermia is the
main cause of this fall down. The nearer the distance from capillaries is, the greater
the extent of the fall down.

Fig. 5 shows the relation of the oxygen tension at the center of the tumor to the
diameter of tumor. Regarding this experimental rat tumor -Rhodamin sarcoma -, the oxy-
gen tension at the center of tumor larger than 3cm in diameter is constantly low in-
spite of inhalation or hypothermia. The distance of diffusion from capillaries seems to
be less than 1cm. Fig. 6 shows a microangiography of subcutaneously implanted Rho-
damin sarcoma. These results suggest the diffliculty in the oxygenation therapy and the
prospect of the deoxygenation therapy.

Fig. 7 shows the uptake and excretion curve of I8! rosebengal by & rabbit liver.
Under the hypothermic anesthesia, a strange two phased curve is seen. The first wave
corresponds to the extremely retarded passage of rose-bengal through the liver. The
second wave corresponds to the uptake by liver cells which is not seen until the tempe-
rature rise up over 26°C.

Fig. 8 shows the similar curve obtained with 1¥! hippuran measured on rabbit kidneys.
We believe such a condition of standstill will significantly reduce the radiosensitivity of
these orzans.
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Fig. 7 Liver function test under the hypothermic
anesthesia
Material: rabbit
Method: external counting on the liver after
the injection of I'*' rose bengal
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Fig. 9 Mortality by total body irradiation
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Fig. 8 Renal function test under the hypother-
mic anesthesia
Material: rabbit
Method: external counting on the kidney after
the injection of I'*! hippuran
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Fig. 10 Mortality by lecal irradiation
Material: dogs, irradiated immeadiately after
the gastrectomy and the anastomosis with
small intestine.
Site of irradiation: surroudings of anastomo-
sis.
Field size: 2.5x6 cm

Fig. 9 shows the increase of LDs of mice by the hypothermia. Mice recieved the
total body irradiation. Here the factor of protection is about 2. Fig. 10 shows the incre-

ase of LDs of dogs also by the hypothermia.

This time the irradiation was done locally

on anastomosed wounds immeadiately after the partial gastrectomy. Here the factor of

protection is about 2 also.

Fig. 11 shows the increase of LDs of rats irradiated on their backs. Again the fa-
ctor is about 2. There is a tendency that the protection effect is more marked in the
total body irradiation or abdominal irradiation than in the peripheral irradiation. In
spite of these remarkable protection effect on the normal tissues, LDsy of the implanted
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Fig. 11 Mortality by local irradiation
Material: rats
Site of irradiation: back
Field size: 2 cm diameter

Fig. 12 Lethal dose of Rhodamin sarcoma esti.
mated from clinical and histological datas
——irradiated under normal temp.
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Fig. 13 Clinical cure rate of Rhodamin sarcoma by the hypothermic
deoxygenation radiotherapy

‘Rhodamin sarcoma of rat shows only slight decrease by the hypothermic irradiation.
From our results the factor of protection on the tumor was estimated as about 1.1.
Consequently the improvement of the therapeutic ratio in the radiotherapy of Rhodamin
-sarcoma is near to two. Originally the Rhodamin sarcoma is a kind of fibrosarcoma and
one of the most radioresistent tumors. It requires over 4000 rads in single exposure to
eradicate. Tumor bearing rats on their backs cannot tolerate to such a high dose. All
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Fig. 14 Histological

cure rate of Rhodamin sarcoma by the hypothermic

deoxygenation radiotherapy
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Fig. 15 Relative body weights of tumor bearing rats after the
irradiation on back under normal temperature.
Rhodamin sarcoma transplan
Rhodamin sarcoma transplanted on back

3000 r-4000

r in single dose on back

@®——@ Control: 13 animals. All died from the tumor.
(@ T O 4000 r : 8 animals. All died from acute radiation

damaged

PG 3 3000 r :10 animals. All died from acute radiation

damages

animals irradiated with tumor lethal dose died from acute abdominal radiation damages.

Only the irradiation under the hypothermic anesthesia succeeded o cure them.
shows the results of radiotherapy of Rhodamin sarcoma.

Fig. 13
Although the cure rate is low

in the group rats bearing tumors on their backs, this is the definite proof of the superi-
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ority of deoxygenation radiotherapy. In the group of rats bearing tumors on their thigh,
the cure rate is higher. Some of the latter group lost their legs but maintained good
health. Fig. 14 shows the histological examination. Fig. 156-17 shows the body weights
of animals after the beginning of irradiaticn. Here you will see 4 types of curve. The
body weight of the control group which received no freatment shows constant increase
due to the growth of tumor until their death. Radiation death group showed constant
decrease until their death. Cured group showed only a small decrease at first but restored-

' soon. Recurrent group showed a similar tendency as cured group at first then turned
to rise up just similar as control group.

Encouraged from these experimental datas, we decided to apply this deoxygenation
therapy to clinical practice.  Up to now we have treated more than 10 cases. All of
them are cases of advanced cancer. They were irradiated under hypothermic anesthesia
about 27°C to 30°C. 2000-3000 rads were given in single exposure to tumors. The imp-
ression from our clinical experience is its extremely slight side effect. In spite of these.
massive irradiation the radiation sickness was almost negligible. Certain degree of pro-
tection effect was seen on the skin. It seems too early to discuss the eifect on the tumor
clinically, but we believe it is very promising.
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