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Abstract
Purpose:

The glioblastoma represents a brain tumor with a extremely bad

prognosis. Especially in the case of recurrent disease new therapeutic strategies are
necessary to overcome the resistance of the tumor cells against cytostatic
substances. The effect of a combination of ACNU chemotherapy and local
radiofrequency

hyperthermia should be tested in patients suffered on recurrent

glioblastoma.
Patients and methods: 19 patients with recurrent glioblastoma, after primary
therapy with surgery and radiation therapy, were treated in our hospital once a week
with ACNU (60 mg/m2) and local electro- hyperthermia (13,56 MHz) with a duration of
60 min. The mean temperature reached in tumor tissue was 41.60C. Treatment was
given for three weeks, interrupted for three weeks and repeated until progression.
Results: Two patients (11%) showed a partial remission according to the standard
criteria; 6 patients (31%) had a stable disease. 11(58%) did not respond to the
therapy and showed progressive disease. The median survival time was 8.5 months,
median time to progression was 7.5 months. The observed hematologic toxicity was
low, only 2 patients (11%) developed a leucopenia grade 2 or 3. Thrombopenia of
grade 2 and more occurred in 5 patients (26%).
Conclusion. The combined treatment is active in the therapy of recurrent
glioblastoma and well tolerated. Further prospective and randomized studies are
required to show significant clinical profit.
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Introduction:
Malignant gliomas represent more than 50 % of newly diagnosed primary brain
tumors, on the other hand, the most malignant gliomas of WHO grade IV
(glioblastoma multiforme) are the most frequent with more of 50 % of the incidence.
Despite of the intensive therapy including operation, radiotherapy and chemotherapy
the median survival of patients of glioblastoma remains limited; it is about one year
after diagnosis. In the case of recurrent disease, the median survival time is in the
range of only 25- 35 weeks (Nieder et al. 2000, Wong et al., 1999).
The application of antineoplastic substances in the adjuvant therapy of glioblastoma
results in a slightly enhanced median survival time (Fine et al., 1993), however, the
number of long-time survivors (survival time > 5 years) increased from to 15- 20%
(De Angelis, 1998; Salvati et al., 1998). Nitrosoureas belong to the most active
substances in therapy of glioma and may be useful also in the case of recurrent
disease, (Brandes and Fiorentino, 1996, Huncharek and Muscat, 1998).
Because of the after all disappointing results of glioblastoma treatment it is necessary
to examine the impact of new treatment modalities to improve response rates and
survival of newly diagnosed gliomas as well as in the case of recurrent disease. Most
of the gliomas show only a low sensitivity to antineoplastic substances, therefore the
effectiveness of the drugs used or the vulnerability of the cancer cells must be
enhanced for better therapy results. Artificial enhancement of the tissue temperature
(hyperthermia) has been integrated in medicine into an innovative anticancer
treatment .To improve the effectiveness of a cytostatic therapy different forms of
hyperthermia have been used in the treatment of cancer for approximately 2 decades
demonstrating its effectiveness in combination with both radio- and chemotherapy.
The application of hyperthermia causes manifold cytotoxic effects to tumor cells.
Activation of the cell metabolism resulting by the increased temperatur induces
hypoxia, ATP depletion, and acidosis (Bicher et al, 1980; Schäfer et al, 1993; Vaupel
et al, 1980; Vujaskovic et al, 2000). Hyperthermia causes disturbance in the
microcirculation of cancer tissue (Bogovic et al. 2001), results in an inhibition of the
DNA repair mechanisms (Li et al, 1998; Osman et al, 1993), and induces apoptosis,
as it could be demonstrated for glioma cells in vitro as well as in animal experiments
(Fuse et al., 1998; Uesugi et al., 1998). The treatment modulates the activity of
cytokines (Katschinski et al, 1999; Neville and Sauder, 1988) and increases the
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antigenicity of tumor cells by production of heat shock proteins via an activation of
natural killer cells (Multhoff, 1997; Riogas et al, 1998).
Beside of the direct heat-induced cytotoxity, increase of temperature can dramatically
enhance the antineoplastic effects of cytostatics. It can be demonstrated that there is
not only a relation between dose and response, but also between temperature and
the response of a therapeutic substance. There are a number of factors causing
temperature dependent enhancement of the cytotoxicity. The biochemical reactions
of the antineoplastic substances are temperature- dependent, for example the
formation of DNA adducts by platinum containing drugs is increased by hyperthermia
(Hettinga et al., 1997).
Regional hyperthermia is a well- tried method for the treatment of deep-seated
tumors in limited and defined areas. Locoregional capacitive hyperthermia with
radiofrequencies was successfully applied in the treatment of metastatic colorectal
cancer, resulting in increased survival rates (Hager et al., 1999). In the treatment of
gastric or pancreatic cancer high response rates of 39% and 36%, respectively, were
obtained; an increase of the survival time could be achieved (Kakehi et al., 1990,
Minakuchi et al., 1990). In our study we used radiofrequency (13.56 MHz) electrohyperthermia to enhance the temperature inside of the tumor tissue. This method
combines the effects of heat treatment with the effects of electric fields on tumor
growth and takes advantage of the higher conductivity (Smith et al., 1986; Dissado et
al., 1995) and energy absorption especially of the extracellular matrix of the tumor
tissue. The selectivity of the injuring effects of the regional hyperthermia is based not
only on the higher absorption of the supplied energy but also on the reduced blood
perfusion connecting with an impaired thermoregulation inside of the tumor. Both
effects cause an effective and selective heating of the tumor tissue.
The aim of our retrospective analysis was to prove the effectiveness of the
combination therapy including regional hyperthermia and ACNU treatment in the
therapy of recurrent glioblastoma.

Patients and Methods:
Patients
19 patients (Table I) with a median age at beginning of therapy of 55.3 years (range
33.0-67.3) with a histologically or radiographically verified recurrent glioblastoma
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multiforme (WHO grade IV) were treated in our hospital with hyperthermia and ACNU
chemotherapy. All patients were pretreated with surgery and radiation therapy, 8 had
prior chemotherapy.
Treatment regimen
6 hours before hyperthermia treatment 20 mg of dexamethasone were orally applied;
30- 60 min. before a solution of 500 ml mannitol (20%) was injected. The systemic
chemotherapy consisting of ACNU (60 mg/m2) was given once a week to the patients
30 min. before beginning of hyperthermia.
Local electro- hyperthermia with modulated waves (13.56 MHz) was applied twice a
week (with and without chemotherapy) using a oncotherm EHY 2000 device. The
electro- hyperthermia equipment uses the principles of capacitive coupling to induce
an electric field and enhance the temperature of the tissue. The frequency and
intensity are chosen in that manner that the energy is absorbed mainly in tumor
tissue. The electrodes were placed so that the tumor location inside the brain was
heated to a maximum. The temperature control was performed using a non-invasive
method calculating the temperature from measured energy absorption and
impedance data. Mean temperature of tumor tissue during treatment was 41.60C.
Duration of hyperthermia was 60 minutes, the interval between two treatments was
72 hours. The treatment was given for three weeks, interrupted for three weeks and
then repeated until progression.
Clinical response and assessment
Only patients with measurable lesions were included our analysis. Responses were
assessed according to the criteria of Macdonald (1990). A complete remission (CR)
was defined as the disappearance of all tumor lesions on two consecutive imaging
studies taken at least 1 month apart. The patient is off corticosteroids and the
neurologic status is stable or improved. A partial response (PR) was defined as
greater than or equal to 50% decrease in the sum of the products of perpendicular
diameters of all measured lesions for at least 1 month, with stable or reduced
corticosteroid dose and stable or improved neurologic status. No lesions should
increase in size and no new lesion should appear. Stable disease (SD) was defined
as a steady state or a response less than a PR, but with no disease progression for
at least 1 month. No new lesions could appear and no symptoms could worsen.
Progressive disease (PD) was defined as any increase of 25% or more in the sum of
the products of perpendicular diameter of any measurable lesion or new tumor
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lesions were detected, or the neurologic condition had deteriorated and/or the dose
of corticosteroids was stable or increased. Time to progression and overall survival
time were measured from beginning of therapy to the time of disease progression
and death, respectively. The Kaplan-Meier method was used to calculate survival
probabilities for all patients.

Results
19 Patients were treated with ACNU chemotherapy and hyperthermia. 10 patients
received one cycle of the combined therapy, one patient 2 cycles, 3 received 3 cycles
and 5 were treated with 4 and more cycles of hyperthermia and chemotherapy. 11
(58%) of the patients suffered from progressive disease (PD) after combination
therapy, 6 patients (31%) had a stable disease (no change, NC), partial remission
(PR) could be observed in two cases (11%). Median survival time determined for all
patients using the Kaplan-Meier method (Fig. 1) was 8.5 months (range 1 to 32
months); a median time to progression of 7.5 months (range 3 to 21 months) was
observed. The two patients with partial remission to the therapy had survival times of
12 and 32 month, the time to progression was 21 and 4 months, respectively (Table
II).
Toxicity
6 patients (32%) developed a leucopenia grade 1, 2 (11%) grade 2 and 3,
respectively, and one patient had a leucopenia grade 4. Thrombopenia grade 1
occurred in 5 (26%) patients, grade 2 in one patient. 3 patients (17%) had
thrombopenia grade 3 and one thrombopenia grade 4.

Discussion
Malignant gliomas remain a form of cancer with high rates of morbidity and mortality,
and there are only few documentation of improved survival resulting of therapy
modifications. Analyses of clinical trials for gliomas show that the survival depends
mainly on several prognostic factors. The histology (glioblastoma vs. anaplastic
astrozytoma), the age (younger or older than 50 years) and the performance status of
the patients represents the most important factors for survival time and for the
frequency of long time survivors (more than 3 years after diagnosis) (Curran et al.,
1993, Scott et al., 1999).
A general problem of assessment of clinical advance in therapy of recurrent glioma is
the lack of clinical trials. Because of the relative small number of patients, it is not
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possible to realize an unlimited number of randomized, prospective clinical studies. It
must be taken into consideration, that the response to the antineoplastic therapy is
depending on the histology of the brain tumor, anaplastic astrocytoma are generally
more sensitive to cytostatics than glioblastoma multiforme. Therefore, a comparison
of clinical trials is difficult and outcome measures of clinical trials as overall survival
and time to progression may reflect patient selection. Also the response criteria for
chemotherapy in the treatment of malignant glioma has to be tested with regard to its
suitability. Macdonald et al. (1990) described response criteria for glioma, which
includes the neurologic status of the patients and the application of steroids. Further,
in the palliative therapy it should be shown consideration to the improvement of
quality of life.
In the preclinical research a lot of evidence could be gathered for the effectiveness of
hyperthermia in brain tumor treatment. In human glioblastoma cell culture as well as
in a rat glioma model heat treatment induced apoptosis (Fuse et al., 1998, Uesugi et
al., 1998). The enhancement of the cytotoxicity of antineoplastic drugs using
hyperthermia could be also demonstrated. So it could be shown a temperaturedependent sensitivity of glioma cells against a number of cytostatics (Hermisson et
al., 2000). It has been demonstrated in vitro as well as in vivo that also the activity of
nitrosoureas an be enhanced by an increased temperature. In animal experiments
local hyperthermia increased the cytotoxicity of ACNU to glioma and resulted in an
enhanced survival time (Schem et al., 1995).
Hyperthermia is used in the therapy of malignant brain tumors since several years,
the safety and effectiveness of the application is proved in clinical trials. In a phase I
trial noninvasive localized hyperthermia in combination with chemotherapy resulted in
increased temperature up to 42 0C selectively in tumor tissue (Silbermann et al.,
1985). Clinical trials with radiofrequency (13,56 Hz) capacitive local hyperthermia
combined with ACNU chemotherapy also caused high temperatures inside of the
tumor tissue (Tanaka et al., 1987).
In our retrospective study we examined the effect of a combination of a
chemotherapy with nitrosourea (ACNU) and locally applied radiofrequency
hyperthermia. All patients suffered on recurrent glioblastoma and were pretreated
with surgery and radiation therapy. We observed a response rate of 11% and stable
disease of 31%, respectively. The median survival time was 8.5 months; the
hematologic toxicity was low and no serious complications were observed. The
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observed remission rate seems to be low, but malignant gliomas are not much
sensitive to cytostatic drugs, so the therapeutic effects of chemotherapy are limited.
Our response rate after the combined therapy is comparable with the described
therapy results of treatment with nitrosoureas. Other studies using nitrosoureas
(alone or in combination with other cytostatics) in treatment of recurrent glioblastoma
resulted in response rates of 10-12% (Hildebrandt et al., 1998; Kappelle et al., 2001).
Our median survival time was high compared to other studies. Application of
nitrosoureas results in survival time up to 32 weeks (Huncharek et al., 1998).
Taken together, the therapy results of seems to be good compared with other
studies, but is difficult to demonstrate significant higher effects that obtained with
chemotherapy alone. Further randomized trials with hyperthermia and different
chemotherapy regimens are necessary to study the clinical profit of this new
treatment modality.

References
Bicher HI, Hetzel FW, Sandhu TS, Frinak S, Vaupel P, O Hara MD, O'Brien T. Effects of
hyperthermia on normal and tumor microenvironment. Radiology 1980;137(2):523-30.
Bogovic J, Douwes F, Muravjov G, Istomin J. Posttreatment histology and
microcirculation status of osteogenic sarcoma after a neoadjuvant chemo- and
radiotherapy in combination with local electromagnetic hyperthermia. Onkologie
2001;24(1):55-8.
Brandes AA, Fiorentino MV. The role of chemotherapy in recurrent malignant gliomas:
an overview. Cancer Invest 1996;14(6):551-9.
Curran WJ Jr, Scott CB, Horton J, Nelson JS, Weinstein AS, Fischbach AJ, Chang CH,
Rotman M, Asbell SO, Krisch RE, et al. Recursive partitioning analysis of prognostic
factors in three Radiation Therapy Oncology Group malignant glioma trials. J Natl
Cancer Inst 1993 5;85(9):704-10.
DeAngelis LM, Burger PC, Green SB, Cairncross JG. Malignant glioma: who benefits
from adjuvant chemotherapy? Ann Neurol 1998;44(4):691-5.
Dissado LA, Alison JM, Hill RM, McRae DA, Esrick MA. Dynamic scaling in the dielectric
response of excised EMT-6 tumours undergoing hyperthermia. Phys Med Biol
1995;40(6):1067- 84.
Fine HA, Dear KB, Loeffler JS, Black PM, Canellos GP. Meta-analysis of radiation
therapy with and without adjuvant chemotherapy for malignant gliomas in adults. Cancer
1993;71(8):2585-97.
Fuse T, Yoon KW, Kato T, Yamada K. Heat-induced apoptosis in human glioblastoma
cell line A172. Neurosurgery 1998;42(4):843-9.
Hager ED, Dziambor H, Hohmann D, Gallenbeck D, Stephan M, Popa C. Deep
hyperthermia with radiofrequencies in patients with liver metastases from colorectal
cancer. Anticancer Res 1999;19(4C):3403-8.
Hermisson M, Weller M. Hyperthermia enhanced chemosensitivity of human malignant
glioma cells. Anticancer Res 2000;20(3A):1819-23.
Hettinga JV, Lemstra W, Meijer C, Dam WA, Uges DR, Konings AW, De Vries EG,
Kampinga HH. Mechanism of hyperthermic potentiation of cisplatin action in cisplatinsensitive and -resistant tumour cells. Br J Cancer 1997;75(12):1735-43.
Hildebrand J, De Witte O, Sahmoud T.J Response of recurrent glioblastoma and
anaplastic astrocytoma to dibromodulcitol, BCNU and procarbazine--a phase-II study.
Neurooncol 1998; 37(2):155-60.
Huncharek M, Muscat J. Treatment of recurrent high grade astrocytoma; results of a

8

systematic review of 1,415 patients. Anticancer Res 1998;18(2B):1303-11.
Kakehi M, Ueda K, Mukojima T, Hiraoka M, Seto O, Akanuma A, Nakatsugawa S. Multiinstitutional clinical studies on hyperthermia combined with radiotherapy or
chemotherapy in advanced cancer of deep-seated organs. Int J Hyperthermia 1990
;6(4):719-40.
Kappelle AC, Postma TJ, Taphoorn MJ, Groeneveld GJ, van den Bent MJ, van
Groeningen CJ, Zonnenberg BA, Sneeuw KC, Heimans JJ. PCV chemotherapy for
recurrent glioblastoma multiforme. Neurology 2001; 56(1):118-20.
Katschinski DM, Wiedemann GJ, Longo W, d'Oleire FR, Spriggs D, Robins HI. Whole
body hyperthermia cytokine induction: a review, and unifying hypothesis for
myeloprotection in the setting of cytotoxic therapy. Cytokine Growth Factor Rev
1999;10(2):93-7.
Li Q, Bostick-Bruton F, Reed E. Effect of interleukin-1 alpha and tumour necrosis factoralpha on cisplatin-induced ERCC-1 mRNA expression in a human ovarian carcinoma
cell line. Anticancer Res 1998;18(4A):2283-7.
Macdonald DR, Cascino TL, Schold SC Jr, Cairncross JG. Response criteria for phase II
studies of supratentorial malignant glioma. J Clin Oncol 1990;8(7):1277-80.
Minakuchi H, Hirayama R, Sawai S, Kawachi Y, Tominaga S, Nihei Z, Mishima Y.
Clinical trials of long-term RF local hyperthermia for advanced gastric cancer. Jpn J
Surg 1990;20(2):238-9.
Multhoff G. Heat shock protein 72 (HSP72), a hyperthermia-inducible immunogenic
determinanton leukemic K562 and Ewing's sarcoma cells. Int J Hyperthermia
1997;13(1):39-48.
Neville AJ, Sauder DN. Whole body hyperthermia (41-42 degrees C) induces
interleukin-1 in vivo. Lymphokine Res 1988;7(3):201-6.
Nieder C, Grosu AL, Molls M. A comparison of treatment results for recurrent malignant
gliomas. Cancer Treat Rev 2000;26(6):397-409.
Osman A el-M, Ahmed MM, Khayyal MT, el-Merzabani MM. Hyperthermic potentiation
of cisplatin cytotoxicity on solid Ehrlich carcinoma. Tumori 1993; 79(4):268-72.
Roigas J, Wallen ES, Loening SA, Moseley PL. Heat shock protein (HSP72) surface
expression enhances the lysis of a human renal cell carcinoma by IL-2 stimulated NK
cells. Adv Exp Med Biol 1998;451:225-9.
Salvati M, Cervoni L, Artico M, Caruso R, Gagliardi FM. Long-term survival in patients
with supratentorial glioblastoma. J Neurooncol 1998;36(1):61-4.
Schaefer C, Mayer WK, Kruger W, Vaupel P. Microregional distributions of glucose,
lactate, ATP and tissue pH in experimental tumours upon local hyperthermia and/or
hyperglycaemia. J Cancer Res Clin Oncol 1993;119(10):599-608.
Schem BC, Krossnes BK. Enhancement of ACNU treatment of the BT4An rat glioma by
local brain hyperthermia and intra-arterial drug administration. Eur J Cancer
1995;31A(11):1869-74.
Scott JN, Rewcastle NB, Brasher PM, Fulton D, MacKinnon JA, Hamilton M, Cairncross
JG, Forsyth P. Which glioblastoma multiforme patient will become a long-term survivor?
A population-based study. Ann Neurol 1999; 46(2):183-8.
Silberman AW, Rand RW, Storm FK, Drury B, Benz ML, Morton DL. Phase I trial of
thermochemotherapy for brain malignancy. Cancer 1985;56(1):48-56.
Smith SR, Foster KR, Wolf GL. 4 Dielectric properties of VX-2 carcinoma versus normal
liver tissue. IEEE Trans Biomed Eng 1986;33(5): 522-4.
Tanaka R, Kim CH, Yamada N, Saito Y. Radiofrequency hyperthermia for malignant
brain tumors: preliminary results of clinical trials. Neurosurgery 1987;21(4):478-83.
Uesugi S, Yamashita K, Nakashima K, Ito H. Apoptotic cell death induced by local brain
hyperthermia in a rat glioma model. Acta Neuropathol (Berl) 1998;96(4):351-6.
Vaupel P, Ostheimer K, Muller-Klieser W. Circulatory and metabolic responses of
malignant tumors during localized hyperthermia. J Cancer Res Clin Oncol
1980;98(1):15-29.
Vujaskovic Z, Poulson JM, Gaskin AA, Thrall DE, Page RL, Charles HC, MacFallJR,
Brizel DM, Meyer RE, Prescott DM, Samulski TV, Dewhirst MW. Temperaturedependent changes in physiologic parameters of spontaneous caninesoft tissue
sarcomas after combined radiotherapy and hyperthermia treatment. Int J Radiat Oncol
Biol Phys 2000;46(1):179-85.
Wong ET, Hess KR, Gleason MJ, Jaeckle KA, Kyritsis AP, Prados MD, Levin VA, Yung
WK. Outcomes and prognostic factors in recurrent glioma patients enrolled onto phase II
clinical trials. J Clin Oncol 1999;17(8):2572.

9

Table I Individual data and therapy results of patients entering the retrospective
analysis a combined therapy with hyperthermia and chemotherapy.
No.

Age
(a)

Karnofsky
index

Survival since first
diagnosis (months)

1
2
3

50,6
57,4
62,7

90
30
40

39+
4
10

4

37,7

80

24

5

60,6

80

8

6

56,5

60

12

7
8

55,3
39,9

70
90

36
27

9
10
11

61,3
50,7
33

60
80
70

59
33
13+

12
13

67,3
50,8

40
80

14+
29

14
15
16

50,4
58,6
59,7

40
80
60

11
12
13

17
18
19

39,1
52,7
62,5

70
80
62,9

55
16
15
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Table II Individual data and results of therapy given to patients

No.

No. of
therapies

Response

Survival
(months)

Leucopenia
NCI grade

Thrombopenia
NCI grade

1
2

4
1

NC
PD

31+
1

1
0

1
3

3

1

PD

1

0

2

4

1

PD

12

2

3

5

1

PD

2

0

1

6

3

PD

6

0

0

7
8
9

3
1
7

PD
PD
PR

2
12
32

0
1
1

0
0
0

10
11

1
1

PD
PD

6
1+

0
4

0
4

12
13
14

3
1
1

NC
NC
NC

4+
24
6

0
0
1

0
0
0

15
16
17
18
19

2
6
1
4
4

PD
PR
PD
NC
NC

1
12
11
13
11+

1
2
3
1
3

1
1
3
0
1

Abbreviations: PD, progressive disease; NC, no change; PR, partial remission; CR, complete
remission
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