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Summary. Fifteen patients with advanced (T3_4, Nx_s,
Mg_y) prostatic adenocarcinoma were treated with local
microwave hyperthermia (LMwH) applied as the sole
method of therapy (automatically controlled set generating
2,450 MHz microwaves with intrarectal applicator). All
patients were monitored with a battery of tests, including
USG image and volumetry of prostate, bone scintigraphy,
serum alkaline phosphatase and serum level of PAP. LMwH
sessions were well tolerated and did not cause pain except a
moderate sensation of heating in the pelvic region. 8 of
these 15 patients responded to the therapy (3x complete
remission and 5x partial remission). Involution of the pro-
static tumor in responders was accompanied by improve-
ment of the general clinical and urological state. In two
responders bone metastases, documented scintigraphically
before therapy, disappeared. 7 patients did not respond to
LMwH, mostly patients with very large primary tumors.
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Introduction

Selective heating of neoplastic cells to 43—45 °C causes all
deaths without a significant damage of the surrounding nor-
mal tissues (for most recent monographs and reviews, see
[2, 10, 18, 25]). The differences in thermal sensitivity be-
tween normal and neoplastic cells are in fact small [14],
but the more sluggish blood supply of most neplastic tu-
mors and their weaker thermoregulation allow the heating
of tumorous tissues to temperatures exceeding 3—6 °C of
those obtained in surrounding areas [10, 11]. Clinical bene-
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fits arising from local microwave hyperthermia (LMwH) of
solid tumors are at present well established [2, 15, 16, 20]
and only the technical problems associated with controlled
heating of deeply located tumors limit the wider use of
hyperthermic techniques in clinical oncology [3]. There-
fore, the use of LMwH is restricted to superficially located
tumors [1, 6] and most of the valid clinical trials with
LMwH are directed towards the treatment of locoregionally
advanced or recurrent breast cancer, tumors of the neck
region and skin neoplasms, including melanoma [1, 13, 25].
The recent introduction of intracavity applicators matched
for certain microwave frequencies (mainly for 2,450 MHz,
915 MHz or 434 MHz [6, 7, 13, 17]) allows their intrarectal
or intravaginal introduction and interstitial heating of
colorectal, prostatic and cervical neoplasms. Surprisingly,
in the literature available we could not find references on
the use of LMwH in the treatment of advanced prostatic
neoplasms [5], except of preliminary data of Yerushalmi
et al. [26] claiming encouraging results after intrarectal
heating with a 915 MHz radiation.

We describe the effects of LMwH treatment in 15 pa-
tients with very advanced prostatic adenocarcinoma, in a
Phase I clinical study. For intrarectal interstitial LMwH of
the prostate we designed and constructed an original appli-
cator matched for 2,450 MHz microwave radiation [7, 8].
After successful tests with intrarectal heating in pigs reach-
ing temperatures of 47—48 °C at the surface of rectal mu-
sa [21, 22] the applicator was employed for preliminary
clinical studies in patients with rectal adenocarcinoma.
Because of good tolerance and absence of side-effects in
this pilot group of patients, the applicator was used for
LMwH in patients with advanced prostatic adenocarcinoma.
LMwH applied alone is of limited value in the treatment of
advanced neplasms [15], therefore this technique should
always be combined with other forms of anticancer therapy,
as reported with radiotherapy [1, 11, 33]. Nevertheless,
before the trials on combined treatment it seemed desirable
to test the safety and efficacy of LMwH in patients with
prostatic neoplasms.



Table 1. The scales for evaluation of general clinical state and urological state of patients

Grade Karnovsky-

Index

Criteria

General clinical state

0 >90
1 70-90
2 60-80
3 50-70
4 <50

Excellent clinical condition, no complaints, normal body weight, no pain, normal test results

Good condition, temporary local (limited to tumor region) pain without need for analgesics, body weight
normal or slightly (5—10%) lowered, normal or slightly changed results of laboratory tests

Weakness, frequent pain with temporary need for analgesics, lower (10—-15%) body weight, slight anemia,
abnormal laboratory tests without marked hypoproteinemia

Marked weakness with only temporary improvement, progressive loss of weight, markedly lowered (25-30%)

body weight, frequent pain with permanent need for analgesics, anemia, abnormal laberatory tests with hypo-
proteinemia and increased serum alkaline phosphatase

Cancerous cachexia, no apetite, strong and very frequent pain with continous need for analgesics, highly
elevated serum alkaline phosphatase, blood protein and ion abnormalities

Urological state

0 No urologic complaints

1 Periodic, transient dysuria, frequent urination without symptoms of residual urine

2 Permanent dysuria, intensified frequent urination during day and night, need for periodic catheterization of
urinary bladder, residual urine in bladder

3 Urinary retention, permanent catherization, symptoms of upper tract obétruction

Materials and Methods puterized as a sum of volumes of serial 5 mm layers of the prostate.

Patients

15 patients, aged 5878 years, hospitalized at the Department of
Clinical Urology MMA Postgraduate Medical School in Warsaw,
were selected for this study. 2 to 3 years earlier prostatic adenocar-
cinoma was diagnosed in all patients and proved histologicaily they
were treated with adenomectomy/electroresection, orchiectomy,
hormonotherapy or cryosurgery, according to indications. Three
patients with very advanced neoplasms were qualified for LMwH
without any former therapy. In all cases former therapy was com-
pleted at least 6 months before LMwH and clinically the disease was
diagnosed as progressing. All patients were acquinted with principles,
risks and possible benefits of LMwH therapy and volunteered for
the treatment.

Evaluation of Local and General Clinical State

Before LMwH all patients were monitored. Similar criteria were
later used for the monitoring of effects of this therapy. General
clinical and urological states were evaluated according to arbitrary
5-grade and 4-grade scales being in use at the Department of Clinical
Urology (see Table 1).

Urological Symptoms (Table 1) included difficulties in urination,
frequent urination, the need for catheterization and residual urine in
bladder and upper tract dilatation were taken into consideration,
giving a reasonably good picture of the local acvancement of pros-
tatic adenocarcinoma.

USG images of prostate were analysed in all patients and in most
of them tumor volume was determined. For USG investigations the
device type 1846 (Bruel and Kjaer, Denmark), operating in the real
time system, was used. The rotatory applicator generating 4 MHz
at 90° was introduced intrarectally. Volume of prostate was com-

Serum prostate acid phosphatase (PAP) levels were evaluated with
RIA kits (ABBOTT, FRG). Normal PAP-levels were established on
the base of data in healthy persons for 2 mg/l, results exceeding this
limits by at least 15-20% were counted as elevated. For alkaline
phosphatase “normal” level was accepted as being below 85 IU/ml.
In all patients scintigraphy of skeleton was performed for the diag-
nosis of bone metastases.

Hyperthermic Devices

LMwH sessions were performed with automatically controlled set
generating 2,450 MHz microwaves and with original intrarectal
applicators matched for this frequency. The technical details of this
equipment are described elsewhere {7, 8]. Technical diagram of the
set is presentied on Fig. 1 and a general view of applicator and the
whole set on Fig. 2.

Briefly, the applicator radiates 2,450 MHz microwaves only from
a 4-cm distant part and special chokes protect against leakage of ra-
diation from other parts of the applicator. Microwaves may be
emitted from the distant part either circularly or sectorally (90 or
180°), depending on the type of applicator. This allows the heating
of either the whole material (tissues) surrounding the applicator or
of only one side (e.g. the side directed towards prostate), The appli-
cator is connected to a generator producing continuous waves (CW)
of 2.450 MHz via a matching regulator and power indicator (to
measure power generated and power reflected). Miniature thermistors
YSI1400 (needle-shaped) are introduced into the heated area (e.g. in
the prostatic tumor) and the temperature is fixed for a predicted
level (43.5°C). The generator is switched on, microwaves are ra-
diated from the applicator and heating of tissue starts. As soon as
the predicted temperature is reached and registered by the thermistor
the power is automatically switched off until the temperature de-
creases by 0.1-0.2 °C, when power is again generated to heat the
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Fig. 1. Diagram of the automatic set for microwave hyperthermia
of prostate. The 2,450 MHz set operates with the use of intrarectal
applicators

Fig. 2. Devices used for intrarectal hyperthermia of prostatic neo-
plasms. Note different sizes of intrarectal applicators (designed and
constructed by Dr. P. Debicki, Department of Microwave Technics,
University Technical School, Gdansk, Poland)

tissues up to the predicted temperature. In practice, the predicted
temperature of 43.5 °C 1n prostatic tumor, where the leading ther-
mistor was introduced, was reached in 1-2 min and later main-
tained automatically at this level for 30 min.

LMwH Session and Scheme of Therapy

For every LMwH session the patient was placed on a wooden table,
a dorsal position with flexed legs. After intrarectal palpation of the
tumor a needle thermistor was introduced into the tissue to be
treated to a depth of 1-1.5 cm (marked on the thermistor). Next,
the applicator was introduced intrarectally to face the thermistor.
A second thermistor was introduced superficially in the rectal
mucosa. A predicted temperature for the leading thermistor whithin
the prostatic tumor) was fixed at 43.5 °C and the generator was
switched on. From this moment the LMwH session run automatical-
ly for 30 min.

The scheme of therapy contained a total of 6 sessions of LMwH
for each patient. The treatment was divided into two sets of three
sessions each with a 4-week break between. In each set the LMwH
sessions were applied every 3rd day (twice weekly) to avoid the
phenomenon of thermotolerance [9, 19] which might lower the
sensitivity of neoplastic cells to elevated temperatures.

Assessment of the response to LMwH therapy was based on reac-
tions of the heated primary tumor (CR = complete remission; PR =
partial remission, lowering of tumor size above 50%; SD = stable
disease; PD = progressing disease), state of metastases (no metastases

before and after therapy; stable metastases; spread or disappearance
of metastases), improvement of clinical and urological symptoms
and serum levels of phosphatases (Table 2). Responders to LMwH
had an objective CR or PR with improvement of clinical and urolog-
ical symptoms by at Jeast one grade on the scales (Table 1) and no
spread of metastases, or stable primary tumor with predomination
of improvement of clinical and urological state and no spread of
metastases during the whole period of observation. Non-responders
did not have objective reactions from the heated primary tumor
(e.g. stable primary tumor without detectable improvement of
urologic state or progressing tumor) with stable or spreading metas-
tases.

Results
General and Local State of Patients Before LMwH Therapy

All the data concerning general and local state, progression
of disease and results of biochemical tests are presented in
Table 2. Despite locally advanced prostatic cancer (10
patients with T3 and 5 patients with T4) the general clinical
state was reasonably good and expressed as 2° or 3° at a
5-grade scale (60—80 Karnovsky index). The urologic state
was established as 2—3 in a 4-grade scale. This means that
all patients had continuous outflow symptoms or urinary
retention requiring catheterization. Tumor (prostate)
volume, evaluated from serial 5 mm USG images in 11 pa-
tients varied from 16.4 to 171.9 cm® with predominating
values of 30—70 cm3. Elevated PAP levels were found in
7 patients without relation to tumor volume or to the
presence of metastases. Bone metastases were documented
scintigraphically in 7 patients, while elevated levels of
alkaline phosphatase in 9 cases.

Tolerance of LMwH Therapy

All in all 90 LMwH sessions were performed in 15 patients.
The sessions were tolerated and did not cause pain, although
a sensation of heating in the pelvic region was usual. There
was no need to stop LMwH sessions because of discomfort
and all patients received the scheduled 6 sessions. Routinely
before and after every LMwH sessions a short endoscopic
examination of the rectal mucosa was done. Out of 90
LMwH sessions only in three cases a moderate redness of
the mucosa with mucous secretions over one to two days
was seen, all the remaining sessions did not result in detect-
able changes of the mucosa. In these three cases of local
overheating the rectal mucosa cured spontaneously before
the next LMwH session (in 3—4 days).

Effects of LMwH Therapy

The observation period for seven patients lasted from 17 to
21 months, for three patients from 9 to 10 months and 6
months for five patients.
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Fig. 3. Tumor (prostate) volumes in patients responding and non-
responding to local microwave hyperthermia. Measurements of
prostate serial (0.5 cm) USG images from the device type 1846
(Bruel and Kjer, Denmark)

Table 3. Serum prostate acid phosphatase (PAP) levels before and
after hyperthermic therapy of advanced prostatic cancer

Serum PAP levels Responders Non-
(n=28) responders

before therapy after therapy ®=17
Elevated Normal

(above 2 mg/l) (below 2 mg/1) 2 0
Elevated Elevated 2 6
Normal Elevated 0 1
Normal Normal 4 0

Table 4. Metastazing of advanced prostatic cancer treated with local
microwave hyperthermia

Responders  Non-
8 cases responders
N°1,2,3,4, 7cases
5.7,14,15 N°6,8,9, 10,
11,12,13
Disappearence of bone metastases 2 (1, 2) 0
Stable metastases 2(7,14) 2(8, 10)
Spread of metastases 0 3(6,9,11)

No metastases before and after 4(3,4,5,15) 2(12,13)

Total 8 7

One patient (No. 6, Table 2) died 9 months after com-
pleting LMwH therapy because of progressing disease and
spread of metastases, the remaining 14 patients are still
alive. Analysis of final results (Table 2) and kinetics of the
response to LMwH therapy (Fig. 3, Tables 3, 4) revealed
that the 15 patients treated with LMwH therapy can be
divided into responders (8 cases) and non-responders (7

cases). Tumor volume (Fig. 3) diminished during the first
3 months after completion of LMwH therapy in all re-
sponders and in three of 7 non-responders (temporary). It
should be noted that responders had initially smaller tumors
(mean volume 33 cm?®), while non-responders showed a
much larger prostatic volume (mean 97,3 cm?) (Fig. 3).

Serum levels of PAP were not very valuable for the as-
sessment of tumor response in this group of patients
(Table 2). As it was menticned before, most of our patients
had initial PAP levels close to normal values and only in
4 patients (Nos. 1, 7, 10 and 11) were the PAP values very
high. After LMwH therapy in the group of responders (8
cases) in two patients elevated PAP decreased to normal
value. On the other side, among non-responders normaliza-
tion of initially elevated PAP levels were not found (Table 3).
The results of scintigraphic evaluation of bone metastases
before and after LMwH therapy are presented in Table 4.
Among the 8 responders in two cases (patients No. 1 and 2)
metastases, documented prior to LMwI], disappeared after
12 and 18 months, respectively. In two patients (Nos. 7 and
14) stable metastases were observed 12 and 6 months after
completing LMwH therapy, while in the remaining four
responders no metastases could be diagnosed before and
after LMwH (Table 4). Among the 7 non-responders in
three cases a spread of metastases was observed.

Discussion

The introduction of intrarectal applicators (matched for
certain microwave frequencies) allows interstitial heating
and the application of LMwH in the therapy of advanced
prostatic neoplasms. We used 2,450 MHz microwaves as a
source of thermal energy [3]. 2,450 MHz penetrate biologi-
cal tissues only to a depth of 3—4 cm, where an effective
and relatively uniform heating is possible. In our hands
LMwH using 2,450 MHz microwaves was safe which was
well tolerated by patients. LMwH therapy resulted in posi-
tive responses in 8 out of 15 patients, the remaining seven
cases demonstrated no measurable improvement. It may be
significant that non-responders had larger tumors than did
the responders. The limited penetration of 2,450 MHz
microwaves prevents the effective heating of the periphery
of large tumors. Thus, in patients with large prostatic tumors
only those tumor parts, which are close to the radiating
applicator, can be heated to the predicted temperature of
43-44 °C, while in parts further from the applicator tem-
peratures below 42 °C, which is a critical temperature for
thermal destruction of neoplastic cells will occur. This
problem can be theoretically solved by the use of lower
frequencies of microwaves, e.g. 434 MHz, which penetrate
deeper into biological tissues and can provide an effective
heating at a depth of 10—15 cm [3]. However, the con-
struction of intracavital applicators at 434 MHz for intra-
rectal introduction is much more complicated technically
at 434 MHz and no good model exists which is applicable
for LMwH. At the present state of technical advancement



of hyperthermic techniques, the interstitial heating of pros-
tatic tumors using intrarectal applicators matched for 2,450
or 915 MHz microwaves offers the best possibility for an ef-
fective LMwH therapy. In the present study we have
established the scheme for LMwH therapy in two sets of
three sessions of LMwH lasting 30 min each with a 4-week
break between. Single LMwH sessions in the set were ap-
plied every 3rd day (twice weekly). The applied scheme of
therapy is similar to those used by other authors for the
therapy of superficially located tumors [1, 6, 10, 16] and
was established to avoid the phenomenon of thermotoler-
ance [9, 19]. The phenomenon of thermotolerance is tran-
sient, its maximum occurs between one and two days and
disappears in a few days [9].

However, the kinetics of thermotolerance depend on the
thermal load applied for the initial treatment [19]. These
observations lead to the practical conclusion that a time in-
terval of 72—96 h should be taken between LMwH sessions
and thus, in clinical practice the hyperthermia sessions
should be routinely run twice weekly with a total number
of sessions not exceeding 3—4 in one set.

Analysing the results obtained after the application of
LMwH therapy in patients with advanced prostatic adeno-
carcinoma, one should remember that treatment in advanced,
metastatic neoplasms is still directed towards prolonged
survival and not towards a total cure. In this context, three
out of 15 patients treated with LMwH with a complete
remission lasting for at least 1.5 years and with disappear-
ance of bone metastases in two cases look encouraging.
More than half of these patients benefited from the im-
provement in general clinical state, the disappearance of
pain and relief of bladder outflow obstruction. These re-
sults strongly suggest that LMwH may be useful in palliative
treatment of advanced prostatic cancer, where other forms
of therapy have already failed. It is at present well estab-
lished that hyperthermic treatment enhances the sensitivity
of neoplastic cells to X-rays [11, 18] and may help to kill
parts of neoplastic cells which are relatively resistant to
ionizing radiation, e.g. hypoxic cells or cells existing in low
pH or nutrient-deficient environment [2, 10]. LMwH is a
safe procedure and it may be combined with radiotherapy
for the treatment of T;—T, prostatic adenocarcinoma [2].
LMwH of prostatic cancer may also be combined with
other anticancer modalities, for example with immunomo-
dulating substances [23, 24]. Modern strategies for the
treatment of advanced neoplasms should combine the appli-
cation of different cytoreductive modalities with a variety
of immunomodifyers (e.g. thymomimetic substances, anti-
suppressor therapy, non-specific and specific immunothera-
py) [4, 12]. Recently our group has started a clinical trial
(Phase I/IT) in combining LMwH with a potent macrophage-
activator and interferon-inducer — Propionibacterium
granulosum KP-45 [23]. One group of patients with ad-
vanced prostatic carcinoma was treated with LMwH applied
alone, as in the present study, while in the other group
LMwH was combined with intratumor injections of P.
granulosum KP-45 (thermoimmunotherapy). The number

of responders was higher in patients treated with thermoim-
munotherapy as compared to those treated with LMwH
alone. These findings suggest that a proper combination of
LMwH with other anticancer modalities may significantly
increase the chance of complete remission in patients suf-
fering from advanced prostatic neoplasms, but further in-
vestigations and a wider use of hyperthermic techniques
in urological oncology are still needed.
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