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Research News

LINDA

M . SCHECTERLE AND JOHN ST. CYR*

Hyperthennia, used as a treatment modality in an
array of medical diseases, dates back several centuries
(24) . Around 3000 B.C., Ayurvedic argued for a
treatment regimen for various illnesses, consisting of
oral intake of rice and oils, the administration of
purgatives and the heating of the body through steam
baths. In the 2nd century Rufus of Epheses noticed the
benefits of fever in combating many diseases. At the
tum of the century Dr. W.C. Coley deliberately created
a fever in patients with specific cancers by infusing
bacteria. Tumor stabilization or regression following
this artificial induction of "fever" was overshadowed by
an aggressive movement directed towards more radical
approaches, involving surgical, radiation oncology
and/ or pharmacological treatments. Nonetheless, the
field of "modem" hyperthennia was established at that
time (24).
Today, induction methods of hyperthermia have
included microwaves, ultrasound, paraffin wax baths,
high temperature hydrotherapy, hot water blankets,
"radiant cocoon" devices, and extracorporeal circulatory
support. Currently, several hyperthermic devices are
approved by the Food and Drug Administration (FDA)
to treat various local primary or recurrent cancers. The
mechanism(s) responsible for this heat induced
therapeutic response are probably many, however,
ultimate success depends on absolute temperature
and/or the duration of temperature elevation.
Hyperthermia, heating at temperatures above 42°C,
produces a direct cytotoxic effect, kills cells most
effectively in both the Mitotic and DNA synthesis
growth phases (29).
Furthermore, gradual collapse of the existing
extensive circulatory network found in malignancies
and the production and modulatory role of
lymphokines interacting with the cell's integrity and
function also play a role in a tumor's destruction. In
the 1970's and 1980's, whole body hyperthennia was
investigated in specific cancers. After initial experiments
in animal models, human protocols involving solid
tumors of the head and neck, skin (melanoma), and the
breast were undertaken with encouraging clinical
results (7,8,22,24,25,28). In addition, hyperthermia
used in the treatment of lung cancer and certain types
of leukemia and lymphomas , has produced good
preliminary results.
Whole body hyperthermia is synergistic with
existing modes of cancer therapy. Several

chemotherapeutic agents have increased tumoricidal
activity when coupled with temperature elevation
(5,34). Furthermore, labelizers, drugs which by
themselves have no anticancer benefit, kill tumor cells
with the addition of heat.
The HIV retrovirus and other envelop viruses are
fragile and extremely heat labile (39). Virus inactivation
has been observed at temperatures above 37°C and
definite killing results at higher temperatures. Many
studies have clearly shown inactivation or killing of the
virus at temperatures ranging from 42 to 56 °C. Spire
reported a 40% inactivation of HIV when maintained in
a water bath at 42 °C for 30 min (32). McDougal
demonstrated a linear-log relationship between HIV
killing and temperature (37 to 56 °C) (20). Similarly,
Marcial-Vega showed that when HIV is exposed for 2 h
at 42 °C, free virus particles (concentrations as high as
800 mg/ml), as well as infected cells were killed (21).
Wong found that I-llV infected cells were more sensitive
to heat than uninfected cells, thought to be potentiated
by tumor necrosis factor (37).
Radiation has been proposed in treating
retroviruses. Irradiation experiments in retrovirus
infected animal models have shown encouraging
results. One study centering on the role of retrovirus
induction of cytopathic diseases in feline leukemia
demonstrated clearing of virus with either total body
irradiation, with AZT alone, or with bone marrow
transplantation, whenever intractable fevers were
produced and maintained (14). Another study saw a
curative effect, after viral induction using total body
irradiation in mice infected with the Friend Virus,
without change in lethal infectivity upon irradiation of
the virus alone (30,31). A crossover to human studies
was initially proposed by de! Regato and others. They
suggested total body irradiation as a treatment option in
patients with AIDS (3,6,9). Radiotherapy protocols have
produced fascinating initial findings but disappointing
long lasting benefits. The combination of radiation and
hyperthermia produced dramatic responses
(25,28,32,38), unfortunately, the duration of these
responses was brief (4).
Skin and mucosa membrane tumors, called Kaposi's
sarcoma occur in many HIV infected patients, and they
limit life expectancy (27). Present approved treatment
options include radiation and/or chemotherapy but
results have shown no noted improvement in survival
(12,37). Chemotherapeutic regimens have included
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either a single or combination approach with partial or
complete response rates vaiying from 26% success with
Vinblastine alone to 88% success with the combined
regimen of Doxorubicin, Bleomycin, and Vincristine
(15,19,23). Use of Interferon-a has shown response
rates of 20 to 40% in patients with CD4+ lymphocyte
counts greater than 200 (11,26). Interferon-a combined
with Zidovudine (AZT) has revealed a brief, limited
response, but only in patients with local dermatological
disease (17). likewise, the combination of Interferon-a
and a chemotherapeutic agent have not improved
responses (16,18). Anti-retroviral compounds have not
fared much better. Survival is unaffected by use of AZT;
however, an early improvement in surrogate markers of
HIV activity can occur; however, this falls with
prolonged administration which probably reflects viral
resistance (10, 13).
Past studies on animals with sarcomatous lesions
revealed a significant regression in tumor size following
heat induction. These initial findings stirred interest in
proposing a treatment protocol in patient's with HIV
disease and Kaposi's sarcoma. A clinical study in HIV
patients and Kaposi's sarcoma was undertaken by
Alonso in 1990 (1). Three patients, all with
disseminated Kaposi's sarcoma and substantial
immunologic impairment underwent whole body
hyperthermia. Each patient was placed on a blood
bypass circuit, much like dialysis. While on bypass, the
patient s blood was heated during the treatment phase.
The "core temperature" in each patient was raised to
42 °C for a treatment interval of at least one hour. Early
and late benefits were quite encouraging, with one
patient still in complete remission at 42 months after
treatment. FDA approval for a needed, regulated
clinical trial in this country has not been granted thus
far, however, centers outside the United States continue
to treat patients with encouraging results. Patients with
Kaposi's sarcoma, who are eligible candidates for this
therapy (2), generally show a clearing of skin, mucosa!,
and pulmonary lesions. Only a few patients experience
recurrence of their Kaposi's lesions several months after
a single treatment. Immediate resolution of hairy
leukoplakia, following hyperthermia, occurs in all
patients who present this manifestation; however, one
patient experienced recurrence within one year after
treatment
Cytomegalovirus (CMV) retinitis remits in some
patients, however, hyperthermia did not preclude the
later development of CMV retinitis. Grossly,
demonstrable lymphadenopathy resolved or diminished
within hours to days following completion of the
treatment. Serum marker improvement occurred in
patients who had significant response of their Kaposi's
sarcoma lesions.
A laboratory at the National Institutes of Health
questioned the benefits of heat in the treatment of HIV
disease. They claimed that heat promoted HIV
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replication, as analyzed in chronically infected
promonocytic and lymphocytic cells (33). Replication of
the HIV virus was reported at temperatures between 42
and 45 °C, however, 90% of the HIV infected cells were
killed when exposed to 45 °C. Their findings of
replication in cell culture is unsubstantiated clinically
(1).

The World Health Organization projects that by the
year 2000, over 100 million people worldwide will be
infected with HIV disease (36). In Africa alone, an
estimated 80 to 90 percent of all inhabitants will
become infected with HIV; thus, the potentiality of this
disease could be great and needs resolution.
The incidence of HIV disease is escalating in
women, infants, and children (35,36). In general, "full
blown" AIDS develops faster and death occurs more
rapidly in children than in adults. Treatment regimens,
tailored from existing adult therapy, have been without
long-term beneficial outcome (35). Whole body
hyperthermia gives another treatment option to infants
and children. In the infant population, an
intraperitoneal approach should reasonably minimize
any potential hemodynamic risks seen with bloodbypass treatments.
Presently, according to the Centers for Disease
Control and Prevention, medical care finance for an
HIV infected individual, from the time of diagnosis to
death is estimated to be $250,000. Pharmaceutical: antiretrovirals (AZT,ddl,DDC), gancyclovir/acyclovir and
antibacterial drugs can cost tens of thousands of dollars
per patient per year. The current projected cost of
single treatment of this blood bypass treatment is much
less than a years supply of anti-retrovirals and/or a
series of chemotherapeutics. If this therapy continues to
show positive results, a definite cost savings lessens the
burden on our economy. Even multiple treatments are
still economically feasible. Patients, with positive results
following this treatment, have reported significant
improvement in their quality of life. Their return to
normal activity which potentially further reduces the
financial burden necessary for the care of disabled
HIV/AIDS patients.
Hyperthermia treatments appear to have clinical
merit in symptomatic HIV patients who have a histoiy
of opportunistic infections and/or Kaposi's sarcoma.
The maximal effect of a single treatment is not
prolonged in all pacients. Therefore, additional
treatments alone or in combination with other
adjunctive measures might be necessary. Considering
the data accumulated thus far, hyperthermia as an
option in the treatment of HIV disease needs to be
further evaluation in a tightly controlled Phase I trial.
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