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Hyperthermia and Cancer Therapy
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Since the thermal sensitivity of cancer cells is, as a rule,
only slightly higher than that of normal cells[ 1, 15, 16, 17,
19, 25], hyperthermia, when applied alone, merely shows
low therapeutic selectivity. To make hyperthermia more
effective it has been attempted to focus power input di-
rectly to the tumor via radiofrequency [1, 18, 22] or
ultrasound [24]. Moreover, a higher selectivity was ex-
pected with a combination of focused ionizing radiation
and hyperthermia [20, 21, 27, 29]. All these methods
failed to solve the main problem in any cancer therapy,
namely, the destruction of metastases.

Since 1965 we have been working with stimulation of
glycolysis of cancer cells, and consequently with their
specific hyperacidification, to establish a generally utili-
zable and selective therapeutic element directed towards
primary tumors, as well as micrometastases [1]. The se-
lective lowering of pH to 6.0 in the interstitium of tumor
tissues and to approximately 6.7 in the venous parts of
cancer tissue capillaries is attained by a three- to fivefold
elevation of blood-glucose levels for several hours [7, 14].
This clinical method is fully matured now [23]. We discov-
ered in 1968 [1] that hyperthermia and acidification act
synergistically, and this was confirmed by others [26].
For this reason, hyperthermia should be therapeutically
applied only in combination with optimal tumor hyper-
acidification [11]. Recent investigations on the selective
inhibition of microcirculation in tumor tissues [6, 10, 28]
disclosed that the tumor tissue vasculature is a more
sensitive target for hyperthermia combined with over-
acidification than the tumor cells themselves [10]. This
was experimentally confirmed [14] and has decisive con-
sequences: (1) Hypoxia in tumor cells is markedly en-
hanced and, hence, their thermal sensitivity is increased;
and (2) the convection cooling of tumors by the blood-
stream is practically abolished. There is a selective tem-
perature increase in the tumor, compared to the surround-
ing normal tissue.

Under favorable conditions the inhibition of micro-
circulation can force a total irreversible occlusion of the
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cancer tissue vasculature by combined hyperthermia and
hyperacidification [5]. With this process, the regressing
tumor is widely separated from circulation and the out-
flow of toxic products is inhibited. The temperatures nec-
essary for tumor destruction are in the order of
42—42.5°C (also in the adjacent host tissue) for
60—240 min. The physical problem consists of maintain-
ing temperatures like these in any tumor tissue regardless
of its localization (deep-seated tumors!) and to avoid
impairment of normal tissues.

Heat-theory evaluations considering blood flow pa-
rameters and heat dissipation by convection and con-
duction provide the temperature distribution in the section
to be heated [8, 13] and demonstrate that the common
decimeter and radio frequency (rf) equipment is not suffi-
cient for that purpose. On the contrary, the CMT Se-
lectotherm procedure is at present the chosen method [3,
12]. A specially constructed rf applicator moves parallel
to the body’s surface and scans an area of, e.g.,
45 x 45 cm?. This scanning principle combined with in-
tensive external skin cooling maintains the temperature
differences between host tissue and maximally heated
tissue layers in the range of < 2°C, regardless of the
localization of the tumor, provided that the method of
two-step hyperthermia already proposed in 1965 [1] is
applied: On the total body hyperthermia of 40° C (first
step) the local rf hyperthermia (second step) is super-
imposed. Using plausible assumptions, calculations on
this two-step hyperthermia revealed that at 40° C core
temperature the local temperature will decline from the
maximum at 42.5° C (2.75 cm beneath the cooled skin) to
only 42° C at 10 cm depth, whereas the temperature falls
to 40° C if hyperthermia is performed as single-step pro-
cedure without initial basic hyperthermia. The great ad-
vantage of the two-step technique is that both the absolute
temperature increase needed and the in-depth tempera-
ture gradient are conspicuously lower during the local
hyperthermic phase. By this means the risk of thermal
impairment of normal tissues near to the skinis decisively
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reduced. According to the Cancer Multistep Therapy
(CMT) concept [4, 6], total body hyperthermia (40° C)is
generated without any technical effort as spontaneous
hyperthermia [2] as a result of stimulated glucose and
oxygen metabolism. The latter additionally stabilizes the
circulation. Because of the two-step method and the scan-
ning principle, local hyperthermic treatment can be ex-
tended successively to different body sections, which are
locally heated to 42.0—42.5° C, while the total body tem-
perature does not exceed 40° C. The stepwise shift of the rf
applicator and the variable scanning parameters permit
the attack on metastases via high-dosage hyperthermia in
the entire body without any critical circulatory risk to the
patient.
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