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Brief Communication
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SUMMARY
Microwave-induced hyperthermia was focused locally
upon mammary adenocarcinoma implanted in C3H mice
when the tumor reached 6 mm in diameter. In 54 treated
mice, all tumors diminished in size after the first exposure
(43Â°, 45

mm)

and

disappeared

completely

following

the

second treatment. No other effects from heat application
were apparent. All the mice in the microwave-treated group
survived the whole period of observation (4 months) with
out any evidence of tumor, while 18 nontreated controls
died within 4 weeks after inoculation.
INTRODUCTION
The search for improved modalities in cancer therapy has
led to the exploration of various ways of inducing hyper
thenmia, especially in view of the recent encouraging
results with this form of treatment reported from many
centers (4, 6, 8). In the majority of cases, however, the use
of systemic or regional hyperthermia was limited by the
heat tolerance level of the organism, as well as by the ap
peamance of certain local and general complications (2, 3).
One of the more promising methods of localized heat treat
ment is the microwave irradiator, which can be applied di
rectly over the tumor site and which affords control of heat
penetration, temperature rise, and irradiated volume.
We wish to report the results of ongoing experiments
involving the use of microwave irradiation in the treatment
of a solid tumor.
MATERIALS AND METHODS
The tumor under study was a mammary adenocarcinoma,
induced by implanting 5 x 1&@
cells of a tumor homogenate
s.c. into the lower abdomen of inbred 1-month-old C3H
mice. A 100% take was observed, and the treatment began
on the 5th day postinoculati.on, when the tumor reached 6
mm in diameter.
The mice were anesthetized by i.p. injection of Nembutal,
50 mg/kg body weight, and were immobilized on an adjust
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able board. A thermocouple was affixed to the tumor sun
face, which was then covered with 2 layers of thin plastic
foil in order to minimize heat loss from the irradiated area
and to prevent possible skin damage. The heat was pro
duced by a 10-watt microwave generator (constructed by
RCA Laboratories,

Princeton,

N. J.) at a radiation

frequency

of 2450 MHz, connected to an applicator designed to pro
vide heat penetration limited to a hemispherical volume of
approximately 1.5 cm in diameter. This applicator does not
rely on a resonance field; it is instead matched to the elec
tnical properties of animal tissue and thereby permits the
propagation of electromagnetic energy without causing a
discontinuity at the applicator-tissue interface. The tumor
was heated by placing the applicator on the plastic foil
covering the tumor surface. A temperature of 43Â°was
achieved within 2 to 3 mm by utilizing the full power of the
microwave irradiator. Thereafter, by use of an attenuator,
the power was regulated to maintain a constant tempera
tune of 43Â°for the entire period of the treatment. The tem
pemature was monitored throughout the heating procedure
by a telethenmometem.
The experiment was performed on 6 groups, each con
sisting of 12 tumor-bearing mice. Three in each group were
used as nonheated controls; 9 were subjected to tempera
tunes of 43Â°applied to the tumor area for a 45-mm period in
a course of treatment given once every other day for a total
of 4 treatment courses. The control animals were subjected
to anesthesia only, following the same schedule.
In a separate experiment, intratumor temperature of
anesthetized animals during the application of local hyper
thermia was measured by thermistor probes and was found
to be approximately 0.5Â°higher than that of the tumor sun
face, while the central body temperature remained in the
mangeof 31-33Â°during the treatment period and did not dif
fer from that of the anesthetized untreated controls.
The survival of the animals and the growth rate on negnes
sion of the tumor served as criteria of therapeutic results.
Microscopic studies of the implanted areas of the sunviv
ing mice were carried out 4 months after treatment.
RESULTS
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In all 54 of the heat-treated mice, decrease in the size of
the tumor was observed after the 1st treatment, with com
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plete disappearance of the palpable mass after the 2nd
exposure to heat therapy. The skin covering the inoculated
area was basically intact, except for a slight loss of elastic
ity, and no epibation was observed. The mice did not suffer
any general ill effects after the exposure to heat, and they
remained active and healthy throughout the observation
period.
Pathological examination performed on several cured
animals 4 months after treatment failed to reveal any metas
tases. The site of the original tumor inoculation was histo
logically free of cancer. All 18 nontneated control animals
exhibited rapid growth of their tumors, which, within 3 to 4
weeks reached a diameter of about 25 mm. Dissection of
the tumors revealed a necrotic center surrounded by viable
periphery. In all tumor-beaning control animals, the spleen,
free of tumor, was enlarged to about 5 times its normal
size. On the average, the untreated animals died 4 weeks
after inoculation.
DISCUSSION

design of the applicator. Furthermore, by the use of a
matched applicator,
hot-spotâ€• effects resulting from
standing wave phenomena can be avoided and uniform
heating can be assured.
Heating by microwaves takes place not by conduction
from the outside but by exciting the tissue molecules in the
path of the electromagnetic signal. While the skin loses
some of the induced heat by radiation, the inside of the
tumor does not, and it is thus maintained at a somewhat
higher temperature, despite circulatory cooling effects.
The encouraging results of our initial experiments sug
gest related investigations to optimize doses and fractions
of hyperthermia treatments. In addition, it would be impor
tant to explore hyperthermia in conjunction with radio and
chemotherapy, and to investigate such areas as synchnoni
zation of the hyperthermic treatment with cell mitotic cycle,
and the possible enhancement of the immune response
mechanism as a result of localized heating.
On a more fundamental level, the study of underlying
molecular and biochemical processes would allow a better
understanding of the events leading to the thermal cell
damage.

The experiment was designed primarily to test the effect
of physiologically tolerated microwave heating on solid
tumors. No attempt was made at elaboration of details such
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