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Abstract

Gliomas are one of the most common primary brain-tumors. Despite surgery and radiotherapy (RT)
with or without adjuvant chemotherapy, malignant glioma remains an almost uniformly fatal
disease characterized by a rapid and devastating clinical course. Oncologic hyperthermia
(oncothermia or electro-hyperthermia = OT) applied either alone or in combination with chemo-
and/or radio-therapy is a new modality of brain-glioma (BG) treatments. We present a retrospective
study of 140 patients, which were treated/followed from February 2000 to June 2005. The endpoint
was the overall survival and the survival from the T oncothermia treatment (survival from the
relapse untreatable by other methods). The median/mean survival times were 19.8/31.7 month from
1% diagnosis and 6.7/10.0 months from 1% oncothermia, respectively. Results support the feasibility
of oncothermia for advanced brain-glioma patients.
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Introduction, objectives

Gliomas are common primary brain tumors in humans. Despite surgery and radiotherapy (RT) with
or without adjuvant chemotherapy (CT), malignant glioma remains an amost uniformly aggressive
fatal disease characterized by arapid and devastating clinical course, [1]. The standard management
of brain-gliomas (BG) involves cytoreduction through surgical resection, when feasible, followed
by RT. RT may remarkably increase the median survival time (MST), while CT has no such robust
effects. Unfortunately, the earlier well accepted PCV regimen (Procarbazine + CCNU(Lomustine) +
+ Vincristing) was shown to be inefficient in  a study with large numbers of patients (n=339 and
n=335 in the control- and active-arms, respectively) [2]. Despite advances in therapy, BG remain
essentially a fatal disease, with a median survival time of 10 to 12 months and 2-year survival of
only 8% to 12% [3], [4], [5]. In a study where patients did rot undergo debulking surgery, survival
time was found to be less than 6 months and 2year survival rate ended up at 0% [3]. The three
studies of the Radiation Therapy Oncology Group (RTOG) retrospectively enrolled 1578 patients
from 1974-1989, updated in 1991, show overall survival for anaplastic astrocytoma of 49.4 m for
patients under the age of 50 years and 21.7 m for those being older. For glioblastoma multiforme
13.7 m and 9.7 m were obtained, respectively.

None of the established state-of-the-art treatments in malignant primary brain tumors, especialy in
GBM, could show effective or commonly accepted curative potential until today. One reason may
be that tumor cells will migrate into the surrounding normal tissues, creating the basis for inevitable
recurrences, and further disseminations. An other reason for the lack of success surely is the
insufficient chemoperfusion into the brain in many patients due to the brain-blood-barrier, [6], [7].
In addition, it has been shown [8] that genetic aterations in GBM affect cell proliferation and cell
cycle control, as well as invasive metastatic growth. And furthermore, disruption of cell death
pathways also contributes to the pathogenesis of GBM and may result in resistance to chemotherapy
and radiation [9]. Therefore, innovative therapeutic strategies have been based on drugs targeting
cellular proliferation [10], invasion and angiogenesis [11]. Loca therapy may have a temporary



effect, but for a cure, the treatment must reach all the tumor cells and target many therapeutic ways
[12].

The present situation in the field of glioma-therapy is well summarized in one of the very recent
editorial articles of JAMA [13]: “Where to GO from here?’.

Our present paper tries to indicate a possible alternative to go ahead: the brain oncothermia (OT) in
combination with traditional tumor-treatment modalities like RT and CT.

Hyperthermia (HT) combined with RT and CT seems to be a promising method for cancer
treatment, although many of the underlying molecular mechanisms of this combination treatment
are not well understood until today. A number of studies showed that HT inhibits angiogenesis,
enhances chemo- and radio-sensitivity and induces a high concentration of drugs within a tumor
[14], [15].

Due to the limited effectiveness of established therapies, HT could be one of the important future
methods to improve our treatment facilities. However, there are some restrictions to Hyperthermia
in general, that hamper its use in cancertreatment., Namely, it could aggravate a preexisting edema
and therefore increase the resulting pressure on the brain, which —finaly- could be fatal. Despite
those problems, arelatively high interest to study the effects of heat on brain-tumors is present [16],
[17], [18]. Due to this reason, the proper localization of the incident energy is essential. Numerous
well localized, mainly intergtitial and invasive (ablative) techniques of HT are being applied in the
treatment of gliomas [19], [20], [21], [22], [23], [24], [25], [26], [27], [28]. Some are aso based on
laser techniques [29], [30], others use implantable applications [31], [32].

Some other devices apply radiofrequency (RF) HT, with intra- and also extra-cranial approaches
[33], [34], [35] Even ultrasound was tried for HT generation [36].

The electric capacitive coupling is introduced for transcranial applications by electro- hyperthermia
[37] and later by by a similar method, Electric Capacitive Transference, ECT) [38] was also
applied. The clinical studies mentioned above , and in particular the controlled, randomized,

double-armed study of Sneed et a. [39],indicated a surprisingly good efficacy of HT treatment for
brain-tumors. The median survival had improved from 76 to 85 weeks, and the 2-year survival went
up to 31% vs. 15%. In consequence, the FDA certified HT to the brain in its interstitial form.

One of the most advanced treatment modalities in this field of hyperthermiais called OncoThermia
(OT). Usually it is applied in combination with chemo- and/or radiotherapy.

It is a new method in the treatment of brain gliomas with favourable toxicity profiles and show is
promising preliminary results [40], [41], especidly in combination with temozolomide (TMZ),
which is an oraly administered cytotoxic akylating agent. TMZ has demonstrated its efficacy in
the treatment of GBM [3]. Different therapy protocols with TMZ have been described [42]. A
number of reports show that repetitious, frequent, daily-low dose but long duration administration
of selected CT drugs can target tumor vessels and may be even more effective in some tumors than
other, conventionally designed episodic, bolus and/or high dose CT schedules [42].

The rationale to achieve a potentiation effect on tumor cells by combining TMZ with HT was
supported in an in-vitro study by Pagani et al. [43].

The technique behind oncothermia is currently one of the very rare methods in hyperthermia that
can be applied to brain tissue. World wide eexperience with OT for BG is scarce, but the resultsin a
variety of smaller studies show well its feasibility, [40], [44], [45], [46]. One of the retrospective
OT-trials was presented at ASCO (1], showing markedly good results for n=35 cases. overal
survival, progression free survival and surviva from the first OT treatment are 106 (14-197) m, 47
(8-85) m 41 (0-92) m for WHO grade 111 and 20 (10-31) m, 15 (10-20) m, 8 (2-14) m, and grade IV,
respectively.



Our objective in this article is to present a retrospective clinical study for 140 BG-patients,
treated/followed from February 2000 to June 2005.

With this trial we would like to study the feasibility of OT for BG, and its effect on the survival
times.

Thetreatment method

Electro- hyperthermia with short (RF) waves of 13.56 MHz was applied by capacitive coupling
technique (oncothermia, OT), keeping the skin surface on 20 °C (OncoTherm EHY 2000 device,
CE0123). For further details of the method we would like to refer to ([47], [48], [49]) where it has
been explained in detail. The applied power ranged between 40-150 watts and the calculated
average equivalent temperature in the tumors was above 40 °C in more than 90% of the treatment
time. The targeted area was treated form the well covering electrode system, excluding the eye-area
from the field. OT was performed in two/three sessions per week. Treatment time and power range
per session were started with 40 W for 20 minutes, and (step by step) gradually and linearly raised
up to 60 minutes, 150 W in two weeks.

Case-reports

In order to provide a comprehensive insight into the indications under which patients are being
treated with Oncothermia we would like to present three representative cases

Case 1.

A 52-year-old femae patient presented with the pre-history of raised lightheadness,
headache and fatigue of two months duration. Neurologic examination revealed central
facia paralysis and homonymous hemianopsia. Laboratory evauation was without
significant pathologic findings. Magnetic resonance imaging (MRI) showed a lesion of
6x5x4 cm in the left frontal region, and a mass in the left parieto-occipital region measuring
4x3x3 cm (Fig. 1 /a). Surgical intervention was not possible. She underwent stereotactic
biopsy of the left frontal mass, where the histopathology was reported as GBM, WHO
grade 1V in May 2002. Treatment was started in June 2002 with fractionated RT (54 Gy
total dose: 1.8 Gy x 5 diwk for 6 weeks) from June 20" to August 20™ in 2002. Her
complaints were reduced though neurologic signs did not completely resolve. At September
24" it was decided to start an adjuvant therapy with local HT and temozolomide being
administered concomitantly (TMZ) (100 mg/nf/d x 21 days, one week rest, for six cycles).
Local hyperthermia was continued until December 17" 2002. The most recent MRI
evaluation dating from April 28" 2004 showed a near complete remission (Fig. 1/b.). Her
complaints disappeared and all the neurologic symptoms completely resolved. She has not
required any further treatment from the time the adjuvant therapy was finished to date and
appears for regular check-ups at our clinic. She is in good health and has an active quality
of life.

Fig. l/a. Pretreatment imaging with MRI, -T1, (Godolinium contrast,12.06.2002)
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Fig. 1/b. Post treatment, imaging with MRI-T1, (Godolinium contrast, 28.04.2004)
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Case 2.

A 47-year-old male patient presented with the pre-history of Anaplastic Astrocytoma
Neurologic examination revealed. Laboratory evaluation was without pathologic findings.
Magnetic resonance imaging (MRI) showed a lesion of 8x6x5 cm in the temporal region.
Staging classified the tumor as anaplastic astrocytoma grade WHO 111 at 17" of July.2001.
The Patient underwent a partial resection in July 2001. RT (60 Gy total dose) was started at
15" in august2001, with partial overlapping of OT that started at 20™" september2001 and
finished at 14.12.01. In January 2002 the neurologic signs being observed before were not
completely resolved. At 4" of march 2002 till april 19" 2002 a second OT cycle was started
in combination with Temodal® (Temozolomide). The most recent MRI evaluation dated at
June 16" 2005 showed a complete remission (CT) (Fig. 2.). His complaints disappeared and
all the neurologic symptoms completely resolved. He has not required any further treatment
from the time the adjuvant therapy was finished to date and appears for regular check-ups at
our clinic. Heisin normal health and has a good quality of life.

GADOVIST

Fig. 2/a. Pretreatment imaging with MRI, -T1 12.12.2001

Fig. 2/b. Post treatment, imaging with MRI-T1 16.06.2005



Case 3.

A 30-year-old female patient presented with the pre-history of Anaplastic Astrocytoma.
Neurologic examination revealed 01.03.2000 where the magnetic resonance imaging (MRI)
showed a lesion of 5x4x3 cm in the left central brain region. It is staged as anaplastic
astrocytoma grade WHO 111, at 01% of march.2000. At the 22" of march 2000 a metastatic
lesion in the contra-lateral central region of 2x1 cm plus edema was observed. The patient
underwent a partial resection in march 2000. Unfortunately shortly after that procedure the
tumor relapsed and RT was started in March 2000 in combination with seed implantation in
February 2001. OT monotherapy was applied from April 3@ 2001 until may 5™ 2001 in
combination with systemic chemotherapy using Temodal for 21 days a 100 mg/nf with
lweek free interval. The MRI images after locoregional oncothermia showed a partial
remission (Fig.3.). Her complaints disappeared and the neurologic symptoms decreased.

Fig. 3/b. After OT + Temodal (21.08.01)

Fig. 3/c. After OT +Temodal (29.10.01)

-
22.03.01 29.06.01 02.10.01

Fig. 3/d. Before OT (22».0331) After RT+OT 29.06.01 oT+ TemodaléOZ.l0.0l)




Description of the trial

The study is an opentlabel, single arm, monocentric, retrospective study. The involved patients are
being analyzed according to an intentionto-treat (ITT) schedule. Recruiting time was 56 months.
The primary endpoints of the study were the overall survival time (OST) and the survival time from
the first oncothermia treatment (TST). The applied test was KaplanMeier logrank. Inclusion
criteria were: (1) Inoperable or sub-totally resected or recurrent BG, (2) progression after radio-
and/or chemo-therapy, (3) Karnofsky Performance Score (KPS) > 40%.

Didtribution of the Brain Glioma (BG) patients by WHO-grade show mostly advanced cases:
diffuse astrocytoma, (DA): 8, (5.7 %); anaplastic astrocytoma, (AA): 40, (28.6 %); glioblastoma
multiforme, (GBM): 92, (65.7 %); (see Fig. 4.). Most of the patients failed to respond to the applied
conventional therapies.

Fig. 4. Distribution of the 140 patients involved in the study.

The age-distribution is near to norma (p<0.001 by Chi-square test for discrete variables), and no
outliers (p<0.05) were present. The median age was 43.5 y (3-73), the meanage was 43.2 y
(Std.err= 1.42), 15 (10.7 %) patients were below 18 y, and 8 (5.7 %) were over 68 y. The gender
distribution was 50/90 female/male. In epidemiologic studies it is shown [50], [51], that BG is more
frequent in an elderly population (in Japan BG-incidence is 2.40/100000/y over 70 y, while under
70itisonly 1.42/100000/y [52]). This did not appear in our case. A slight increase compared to the
normal distribution could be observed in the range of 50-70 year ages, (Fig.5).
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Pretreatments were applied in 364 cases (~2.6/patient), and its distribution by main categories is
shown on Fig. 6. Chemotherapies were applied in 117 cases (84 %), radiation in 129 (92 %) and in
117 cases surgery (84 %) was done. (Two patients had not any pretreatments due to individual
reasons.) In mean, 69% of all patients had all tree therapy modalities.
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Fig. 6. The pretreatment distribution by itskind (a) and by its combinations (b).

Oncothermia was applied in most of the cases in an adjuvant setting. The distribution of adjuvant
treatments is shown on Fig.7. Chemo therapies (in most of the cases TMZ) were given in 102 (73
%) cases and radiation was applied in 5 (3.6 %) cases. Just supportive therapy was administered to
105 (75 %) cases. Characterization of the applied supportive therapy is shown in Table 1. These
therapies were started together with Oncothermia, which was applied between 3 and 6 months.
Application of OT as a mono-therapy (2 cases (7 %)) or only combined with supportive therapies
(27 cases, (19 %)) was done if no other modality was possible.
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Fig. 7. The adjuvant/neo-adjuvant treatment distribution with OT by their kind (a) and by their
combinations (b).

Supportive drug Dose
Boswelia carterii (Weihrauch) 6 a/d. (3x/d)
Mistletoe (Mistel, Lectinol) 15 ng, (3x/w), subcutan
Selenium 300 ug/d

Table 1.The applied supportive therapy.

In average 1.8 (1-9) treatment cycles were given to a patient while the average treatment numbers
were 21.5 (2-108). The median OT treatment number was 15. The applied dose of OT was regarded
aslow if it did not exceed 8-times 60 min load, (dose-threshold, DT). Such alow dose was provided
in 28 patients. The median time of total duration of the OT treatment period was 1.7 m (1 d-36.4
m), in average 3.3 m (Std.err=0.4).

The median time elapsed from first diagnosis to first OT was 10.8 m (0.2-181) 21.7 m (std.err.=2.5)
in average. The median followup time after the last OT was 3.4 m (1day-49.1 morths) in average
6.6 m (Std.err=0.8).

Only very few toxicity or other problems were observed during the treatment. Mild headache could
appear in a very few patients, which was clinically well controlled. We observed no increase in



oedema, especialy. In most of the cases the oedema was reduced and the intracranial pressure also
was decreasing. Not any surgical or other intervention was necessary during or after the OT
treatments for anyone of the patients. All the patients showed very well tolerance of the treatment,
and subjectively they reported better quality of life, but this was not objectively evaluated.

Treatment-Results

Median of OST (overall surviva time) and of TST (treatment surviva time) were 19.8 m (1.4-190)
and 6.7 m (0.3-50), for al of the patients, respectively. The average (mean) of OST and TST were
31.7 (std.err=3.0) and 10.0 (std.err=0.9), respectively. The corresponding KaplanMeier (KM) plots
are shown in Fig. 8. The same survivals categorized by their WHO-grade are shown in Table 2. and
Figure 9.
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Fig.8. a) OST and b) TST KM-survival plotsfor all of the treated patients.

WHO grade # Pts. MST OST [m] (min.-max.)[m] MSTTST[m] (min.-max.)[m] ASTOST[m] (Std.err.)[m] AST TST[m] (Std.err.)[m]
DA 8 59.2 22-190 116 1.1-41 73.6 18.8 15.6 52
AA 40 25.8 3.6-183 9.1 1.4-50 43.3 7.0 134 20
GBM 92 16.0 1.4-176 6.1 0.3-48 23.0 25 8.0 0.9
Table 2. Median and mean data of the survivals.(MST — median survival time, AST — average
survival time)
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Fig.9. a) OST and b) TST KM-survivals for patients with DA, AA and GBM.

The dose analysis shows (Fig.10.) the relative dependence to DT not significant for OST (p=0.129)
and significant for TST (p<0.01).
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The age-categories by young (<18 y, n=15) adult (between 18 y and 68 y) and elderly (>68 v,
n=10), show no remarkable differences (Fig. 11.). The observed significant difference for elderly
patients by the OST (at KM plot, Fig. 11/b.) could result from natural reasons. This assumption is
supported by the resultsin TST KM-plot, were no difference can be seen (Fig. 11/d).
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Fig. 11. Comparison of adults with young (<18 y) and elderly (>68 y) patients. a) OST for
youngsters (p=0.65), b) OST for elderly (p=0.016), c) TST for youngsters (p=0.66), d) TST for

elderly (p=0.24).

No serious side effects were observed (see Table 3.) Patients tolerated the treatments well during

the whole treatment period. Most of the patients were well relaxed, some even felt asleep during the
treatment. Patients reported better quality of life, but this information was not objectively measured.



Side effects Rel. val.
1. Short therm (< 2h) asthenia after the treatment 9%
2. Local redness (rubor) of the skin 8%
3. Complications 15%
Subcutan fibrosis of fat tissue 1%
Skin burn (diam.<1.5 cm) garde I-11 2%
Headacke and vomiting (< 2h) 12%

Table 3. The observed side effects during the study.

Discussion

Median life Expectance of BG patients is over al as low as 11.3 month In this study we observed
19.8 month in median survival time which would correspond to a gain of 75.2 %. According to the
RTOG classifications [53], we devided the patients to two groups. age under- and over-50 years.
The obtained patient’ s distribution is shown in Fig. 12. pie-diagram.

RTOG age-division

Fig. 12. Distribution of patients by 50 years age-threshold.

The OST and TST in general definitely differ highly significant by these categories, as the KM-
plots show, Fig. 13.
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By categories, the MST of OST was (except in one category) significantly higher (see Table 4)
compared to what is to be expected for corresponding stage BG patients. The calculated relative
gain for patients being under 50 years of age reaches a median of -28.5%, for those being older
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24.0% in the group of DA+AA. In the group presenting with GBM numbers are 39.4% and 46.4%,
respectively. The KM-plots show well the significant differences (Fig. 14.) with the exception of
the DA+AA patients under 50 years of age that do not reach the level of significance. The reason of
this discrepancy is not known. In a prospective trial this issue will need special consideration.

WHO grade Patients no. (n) MST OST [m] (min.-max.) [m] AST OST [m] (Std.err) [m] MST RTOG [m]
DA+AA (<50v) 36 377 3.6-190 56.7 8.5 494
DA+AA (>50v) 12 18.4 9.9-56 233 3.8 217

GBM (<50v) 47 190 24-176 287 47 137

GBM (>50v) 45 144 1.4-39 17.1 13 9.7

Table 4. The main statistical characters by the RTOG division
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Fig. 14. The KM-plots of patients by RTOG categories. For AA+DA a) OST (p<0.003) and b) TST
(p=0.22), aswell asfor GBM c) OST (p<0.009) and d) TST (p<0.08).

The results could be well compared to the available SEER [54] data. Comparison of the OST of our
retrospective 140 patients and SEER retrospective 28.970 patients, as well as by grade categories,
shown in Table 5. The gain of the MST OST in various categories is 38,6 %, 146% and 57.0 % for
DA, AA and GBM patients, respectively.

Patient number MST OST [|MST OST (min.| Patient number MST OST

WHO grade (n) (present) (present) [m] max.) [m] (n) (SEER) (SEER) [m]
DA 8 59.2 22-190 2749 42.7
AA 40 25.8 3.6-183 3273 10.5
GBM 92 16.0 1.4-176 5801 10.2

Table 5. Comparison of the data of SEER and our present study.

Survival time as a distribution by yearsis shown in Fig. 15.
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Fig. 15. The comparison of the results with SEER data by WHO grade categories. a) DA
(p<0.015), b) AA (p<0.045) and c) GBM (p=0.33).

In a recent publication [B5], survival was 58% after one year and 31% after two years under
administration of temozolomide. Compared to our results, the gain is aso remarkable. 71.7 %
(66/92) and 30.4 % (28/92) for 1 and 2 years survival, respectively. (The two-year survival for
GBM in the RTOG study (no TMZ application) is only 17%, B3].) The most recent TMZ
randomized clinical triad for GBM [56], summarizing the results of 573 patients from 85
cooperating centers shows a gain of MST from 12.1 m (without TMZ) to 14.6 m (with TMZ). In a
former study TMZ results [57] were similar, having MST in the RT group (n=24) of 11.2 m,
RT+CT (not TMZ) group (n=32) 12.7 m and for RT+TMZ group (n=23) 14.9 m. The two-year
aurviva in the new study [56] increased form 10.4% (without TMZ) to 26.5% (with TMZ). In
comparison, the evaluation of our present data shows superiority to many of the presently published
results under administration of temozolomide.

A long term survival with GBM is a very rare occasion. Only 1.8% of the patients were aive after
three yearsin atrial with 279 patients [58]. In our cases with 92 GBM patients 13 (14.1 %) had an
OST being longer than 3 years, which is a remarkable gain.

Studying the MRI images, we have some indicative hints to suppose an extended apoptosis
initialized by the oncothermia in a proportion of the patients. This could be in good correspondence
with some theoretical considerations proposing a gain of the apoptotic processes by hyperthermia
[59], as well as with some experimenta facts showing the relevance of the enhanced apoptotic
activity [60], [61], [62].

The presented results are well comparable with the oncothermia results published earlier on smaller
cohorts of patients (n=35) [41], and (n=17) [63]by these other research groups.

Conclusion

The results are well indicating the feasibility and the benefit of the oncothermia treatment by
nUMerous reasons:

1. Oncothermia was applied for brain tumours, showing a valid treatment potential and safe
application.

2. A transcranialy applied non-invasive eectric field is able to perform the treatment.

No safety or mentionable toxicity problem has occurred. The development of an oedema,
which was the genera block of hyperthermia applications in the past, is not the case with
oncothermia. There was not any eye-damage and/or vision-complication which were also a
risk in the radiative hyperthermia methods. The treatment is safe and convenient to use.

4. We consider the survival time as one of he most important parameters measuring the
efficacy of the method. The survival time was increased for the patients having no other
treatment possibilities.
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5. The quality of life of every patient who was treated with oncothermia was not worsened,
even according to their subjective reports.

According to our present retrospective study on a relatively large number (n=140) of brain-glioma
patients, the oncothermia is feasible to treat anaplastic astrocytoma and glioblastoma multiform
Oncothermia is a potential way to escape from the present impasse situation to treat successfully
brain gliomas. A comparison of the presently indicated data to the expected historical ones given
from the large databases shows a remarkable increase in overall survival. Especiadly remarkableis a
3 years surviva in 13 out of 92 patients with GBM. As well as the method is safe and stable; it is
easy to use and well tolerated by the patients.

Our present data are only retrospective indications of the efficacy of the oncothermia method. A
prospective, randomized, controlled double-arm clinica study is needed for an evidence-based
evaluation.
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