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Abstract. The purpose of this study was to evaluate the
activity and toxicity of electro-hyperthermia (ET) on relapsed
malignant  glioma patients. Twelve patients  with
histologically diagnosed malignant glioma entered the study.
Eight patients had glioblastoma multiforme, two had
anaplastic astrocytoma grade III and two had anaplastic
oligodendroglioma. All patients were pre-treated with
temozolamide-based chemotherapy and radiotherapy.
Hyperthermia with short radiofrequency waves of 13.56 MHz
was applied using a capacitive coupling technique keeping
the skin surface at 20°C. The applied power ranged between
40-150 Watts and the calculated average equivalent
temperature in the tumours was above 40°C for more than
90% of the treatment duration. One complete remission and
2 partial remission were achieved, with a response rate of
25%. The median duration of response was 10 months
(range 4-32). The median survival of the entire patient
population was 9 months, with 25% survival rate at 1 year.
ET appears to have some effectiveness in adults with
relapsed malignant glioma.

Malignant gliomas (MG) represent a significant source of
cancer related death and usually recur despite treatment.

Median overall survival after first-line therapy does not
normally exceed 15 months and only slight improvements
have been achieved over the last decade, despite advanced
diagnostics and multimodal treatments with surgery,
radiotherapy and chemotherapy (1, 2). The standard
management of MG involves cytoreduction through
surgical resection, when feasible, followed by radiotherapy.

Radiotherapy may increase the survival time, while
chemotherapy has no such evident effect. Tumour
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progression is very rapid due to the fact that at the time
of surgery tumour cells have already invaded normal
brain tissue. Recurrent gliomas appear to be resistant to
further surgery and chemotherapy is the most common
treatment (3, 4).

In a meta-analysis and a retrospective study with
recurrent MG patients, median overall survival after first
tumour progression was 30 or 33 weeks (4, 5). Treatment
of MG has, therefore, been among the most challenging
fields in oncology for more than 20 years and has led
investigators to develop innovative therapies designed to
augment local control (6, 7). Although the biological
effectiveness of heat in treating cancer has been known
for decades and many of the corresponding molecular
mechanisms are understood, thermal therapy has not yet
been established in clinical routines (8). It seems that
this discrepancy derives rather from technical limitations
in achieving effective temperature distributions deep in
the body than from a general lack of biological
effectiveness.

Interesting reports showed that hyperthermia inhibits
angiogenesis, enhances chemo- and radio-sensitivity and
induces a high concentration of drugs in a tumour (9).

There has been much interest in studying the effects of
heat on the brain (10, 11). To do this, proper localization
of the incident energy is essential; numerous well-
localized, mainly interstitial, invasive hyperthermia was
applied for gliomas (12-17). Radiofrequency (RF)
hyperthermia was also applied intra- and extra-cranial (16,
18). It was also shown that electric capacitive coupling,
known as Electric Capacitive Transference, could be
effective trans-cranially (18). These clinical studies,
particularly those that were randomised, controlled
double-armed with and without hyperthermia, indicated
the efficacy of this treatment for brain-tumours (19). In
consequence the United States Food and Drug
Administration certified brain-hyperthermia in this
interstitial form. Experience with electro-hyperthermia
(ET) for MG is scarce, but one extended retrospective
trial was recently presented showing palliative results.
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Hager et al. (20) treated 35 patients with 13.56 MHz
capacitive coupled device hyperthermia. He reported that
hyperthermia for MG is feasible and well tolerated. Even
patients at far advanced stages of disease could be treated.
He reported that after hyperthermia negative events were
fewer (11% vs. 23%). A prolongation of survival and
improvement of quality of life was also observed. The
median survival time was longer in treated patients, with
less side-effects than in untreated patients (20).

The purpose of this study was to evaluate the activity
and toxicity of electro-hyperthermia on relapsed
malignant glioma patients.

Patients and Methods

Patients were elegible to participate in this study if they were
more than 18 years old and had a newly diagnosed relapse from
histologically confirmed high grade glioma, an ECOG
performance status =2, normal haematological and vital
functions, and were able to give informed consent. From April
2003 to January 2006, twelve patients with relapsed malignant
glioma entered the study. Eight patients had glioblastoma
multiforme, two anaplastic astrocytoma grade III and two
anaplastic oligodendroglioma. All patients were pretreated with
temozolamide-based chemotherapy and radiotherapy. ET with
short RF waves of 13.56 MHz was applied using the capacitive
coupling technique keeping the skin surface at 20°C (EHY 2000
device CE0123, Oncotherm, Traisdorf, Germany). The applied
power ranged from 40 to 150 Watt and the calculated average
equivalent temperature in the tumours was >40°C for more than
90% of the treatment time. The targeted area was selectively
treated using electrode system covering, excluding the eye-area
from the field. ET was performed in three sessions per week.
Treatment time and power ranged in every session. Treatment
started at 40 Watt for 20 minutes, and step by step gradually and
linearly raised up from 20 to 60 minutes and from 40 to 150 Watt
in two weeks.

The responses were evaluated by CT scan every two months;
complete remission (CR) was the complete disappearance of the
tumour; partial remission (PR) was the reduction of at least 50%
in the two greatest diameters. The WHO performance status
scale was used to evaluate the functional recovery.

Results

Twelve patients had measurable disease and were
evaluable for response and toxicity. After CT scan
evaluation we obtained one CR lasting 32 months in a
patient with anaplastic astrocytoma grade III, and 2 PRs
(one anaplastic astrocytoma grade III and one
glioblastoma), i.e., a response rate of 25%. The median
duration of response was 10 months (range 4-32). The
median survival of the entire patient population was 9
months with 25% survival rates at 1 year. Seven patients
received dexamethasone and suspension of mannitol
infusions; three of them showed an objective clinical

722

benefit increasing their performance status from 3 to 1
and two patients from 3 to 0 (WHO scale). The toxicity
was mild: there was one case of persistent head pain, one
of mild burn on the scalp causing an interruption of the
therapy for one week, two patients, with bulky tumours,
presented an epilepsy attack lasting 1 hour after the first
application of hyperthermia. These two patients were
successfully treated with infusions of dexamethasone,
furosemide, mannitol and diazepam.

Discussion

The state of the art of relapsed MG treatment does not
offer effective or accepted curative methods yet. One of
the reasons of the lack of success is that the
chemoperfusion into the brain is insufficient due to blood
brain barrier (3-5). On the other hand, some studies
showed that genetic alterations in malignant gliomas
affect cell proliferation and cell cycle control, as well as
invasive metastatic growth (3, 7). Therefore, innovative
therapeutic strategies have been developed: radiotherapy
with new drugs as an adjuvant setting (2), local
chemotherapy with biodegradable carmustine wafers (6),
gene therapy (7) and hyperthermia (8-20).

Haveman et al. reported that in animal studies the
nervous tissue is sensitive to heat. Although inter-species
variations may play a role, the data indicate that the
maximum heat dose without obvious complications alter
localised hyperthermia in regions of the central nervous
system lies in the range of 40-60 minutes at 42-42.5°C or
10-30 minutes at 43°C (11).

Ley-Valle reported the results of heat increase
obtained at the brain and tumour through a non-invasive
technique, Electric Capacitive Transference. In the eight
studied patients, the increases of temperature in the
brain ranged between 0.7 and 1.5°C in relation to the
depth of the thermometric probe and the incident angle
of the external electrode. Between tumoral
perilesional brain tissues, thermic increase ranged
between 0.3 and 0.7°C, with higher values at the tumour
tissue. The observation that in no case the surrounding
brain tissue registered a temperature over 39.2°C
supports the harmlessness of the technique regarding the
potential damage to healthy brain tissue and seems to
confirm previous data obtained in anatomo-pathological
studies in animals (18).

Moran et al. reported that in 7 out of 13 patients
treated with interstitial hyperthermia, the CT scans
demonstrated a decrease or stabilisation of tumour
volumes with a response rate of 66%, without any
complete remission. In 4 of these patients, regression or
stabilisation persisted until death from non-brain disease.
They concluded that interstitial hyperthermia therapy for
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intracranial tumours is technically feasible and may
provide increased tumour control (16).

Tanaka et al. evaluated hyperthermia using a 13.56-
MHz RF capacitive heating machine in 16 patients with
malignant brain tumours. Intracranial heating during
operation was performed in 4 patients. RF applicators
with a cooling system were placed on the cerebral
convexity and medial brain surface with the tumour
between them. RF power was controlled to maintain the
brain temperature under 40°C. Under these conditions,
the highest temperature in each tumour varied from 44 to
49°C. After heating for about 60 minutes, 2 tumours
showed regression on computed tomographic scans.

Extracranial heating was performed in twelve patients with
glioblastoma. RF applicators were placed on the lateral sides
of the scalp and applied to diametrically opposite sides of the
tumour. Heating was performed for approximately 60
minutes in each session and was repeated twice a week for a
total of 4 to 10 times in combination with radiation and
ACNU chemotherapy. Six patients (50%) showed partial
responses, but the combination with other modalities does
not permit any conclusion about the efficacy of hyperthermia.
The median survival of the entire patient population was 9
months, with 25% survival rate at 1 year (17).

Sneed et al. reported that the median survival had
grown from 76 to 85 weeks, and the 2-year survival was up
to 31% in a hyperthermia arm compared to 15% of arm
treated only with brachytherapy (19).

In the present study, 12 patients were treated and three
responses were observed (1 CR and 2 PRs), with a
response rate of 25%. It is remarkable that the length of
the median duration of response was 10 months. Severe
toxicity during or after electro-hyperthermia was not
observed, confirming previous data. One patient with CR
is still alive and progression free at 32 months.

In conclusion, the interest in studying the effects of
hyperthermia on the brain is well documented. Proper
localisation of the incident energy seems to be important (8)
and numerous studies of localised, mainly interstitial, invasive
hyperthermia for gliomas have been undertaken (8, 12-20).

Our study demonstrates that electro-hyperthermia is a
new external non-invasive method to treat MG without
toxicity. Our data confirm the feasibility and the safety of
this method. We obtained three responses in patients with
advanced and heavily pre-treated disease. Electro-
hyperthermia appears to be effective in adults with
relapsed malignant glioma. Further studies are warranted
to confirm these preliminary data.

Acknowledgements

We are particularly grateful to Ms Lidia Lamoglie who
undertook the final preparation of the manuscript.

References

1 Fine HA, Dear KB, Loeffler JS, Black PM and Canellos GP:
Meta-analysis of radiation therapy with and without adjuvant
chemotherapy for malignant gliomas in adults. Cancer 71:
2585-2597, 1993.

2 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn
U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier
A, Lacombe D, Cairncross JG, Eisenhauer E and Mirimanoff
RO: Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl J Med 352: 987-996,
2005.

3 Prados MD and Levin V: Biology and treatment of malignant
glioma. Semin Oncol 27: 1-10, 2000.

4 Wong ET, Hess KR, Gleason MJ, Jaeckle KA, Kyritsis AP,
Prados MD, Levin VA and Yung WK: Outcomes and
prognostic factors in recurrent glioma patients enrolled onto
phase II clinical trials. J Gin Oncol 17: 2572-2578, 1999.

5 Hau P, Baumgart U, Pfeifer K, Bock A, Jauch T, Dietrich J,
Fabel K, Grauer O, Wismeth C, Klinkhammer-Schalke M,
Allgauer M, Schuierer G, Koch H, Schlaier J, Ulrich W,
Brawanski A, Bogdahn U and Steinbrecher A: Salvage
therapy in patients with glioblastoma: is there any benefit?
Cancer 98: 2678-2686, 2003.

6 Westphal M, Hilt DC, Bortey E, Delavault P, Olivares R,
Warnke PC, Whittle IR, Jaaskelainen J and Ram Z: A phase
I1I trial of local chemotherapy with biodegradable carmustine
(BCNU) wafers (Gliadel wafers) in patients with primary
malignant glioma. Neuro-oncol 5: 79-88, 2003.

7 Rainov NG and Ren H: Gene therapy for human malignant
brain tumors. Cancer J 9: 180-188, 2003.

8 Wust P, Hildebrandt B, Sreenivasa G, Rau B, Gellermann J,
Riess H, Felix R and Schlag PM: Hyperthermia in combined
treatment of cancer. Lancet Oncology 3: 487-497, 2002.

9 Hermisson M and Weller M: Hyperthermia enhanced
chemosensitivity of human malignant glioma cells. Anticancer
Res 20: 1819-1824, 2000.

10 Siminia P, van der Zee J, Wondergem J and Haveman J:
Effect of hyperthermia on the central nervous System: review.
Int J Hyperthermia 70: 1-30, 1994.

11 Haveman J, Siminia P, Wondergem J, van der Zee J and
Hulshof MC: Effects of hyperthermia on the central nervous
system: what was learnt from animal studies? Int J
Hyperthermia 21: 473-487, 2005.

12 Stea B, Rossman K, Kittelson J, Shetter A, Hamilton A and
Cassady JR: Interstitial irradiation versus interstitial
thermoradiotherapy for supratentorial malignant gliomas: a
comparative survival analysis. Int J Radial Oncol Biol Phys
30(3): 591-600, 1994.

13 Sneed PK, Stauffer PR, Gutin PH, Phillips TL, Suen S,
Weaver KA, Lamb SA, Ham B, Prados MD, Larson DA and
McDermott MW: Interstitial irradiation and hyperthermia for
the treatment of recurrent malignant brain tumors,
Neurosurgery 28(2): 206-15, 1991.

14 Stea B, Cetas TC, Cassady JR, Guthkelch AN, lacono R, Lulu
B, Lutz W, Obbens E, Rossman K, Seeger J, Hill A and Trent
J: Interstitial thermoradiotherapy of brain tumors:
preliminary results of a phase I clinical trial, Int J Radiat
Oncol Biol Phys 719(6): 1463-1471, 1990.

723



in vivo 20: 721-724 (2006)

15 Sneed PK, Gutin PH, Stauffer PR, Phillips TL, Prados MD,
Weaver KA, Suen S, Lamb SA, Ham B, Ahn DK, Larson DA
and Levine VA: Thermoradiotherapy of recurrent malignant
brain tumors. Int J Radiat Oncol Biol Phys 23(4): 853-861,
1992.

16 Moran CJ, Marchosky JA, Wippold FJ 2nd, DeFord JA and
Fearnot NE: Conductive interstitial hyperthermia in the
treatment of intracranial metastatic disease. J Neurooncol
26(1): 53-63, 1995.

17 Tanaka R, Kim CH, Yamada N and Saito Y: Radiofrequency
hyperthermia for malignant brain tumors: preliminary results
of clinical trials. Neurosurgery 21(4): 478-483, 1987.

18 Ley-Valle A: Non invasive intracranial hyperthermia with
electric capacitative transference -ECT- intratumoral and
cerebral thermometry results. Neurocirurgia 714(1): 41-45,
2003.

724

19 Sneed PK, Stauffer PR, McDermott MW, Diederich CJ,
Lamborn KR, Prados MD, Chang S, Weaver KA, Spry L,Malec
MK, Lamb SA, Voss B, Davis RL, Wara WM, Larson DA,
Phillips TL and Gutin PH: Survival benefit of hyperthermia in
a prospective randomized trial of brachytherapy boost +/-
hyperthermia for glioblastoma multiforme, Int J Radiat Oncol
Biol Phys 40(2): 287-295, 1998.

20 Hager D, Dziambor H, App EM, Popa C, Popa O and
Hertlein M: The treatment of patients with high-grade
malignant gliomas with RF-hyperthermia. Abs No. 470, 39th
Proceedings ASCO, 2003.

Received July 10, 2006
Revised October 24, 2006
Accepted October 25, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


