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Research Article

Introduction

Hyperthermia has been applied since the 1970s when heat 
was shown to kill tumor cells because they are more sen-
sitive to heat than healthy cells. In the past decade, hyper-
thermia has been applied to several types of cancers with 
encouraging results in both tumor response and safety.1 
The most frequently used methods of hyperthermia for 
cancer treatment are magnetic nanoparticles (mNPs), 
external radiofrequency, hyperthermic perfusion, modu-
lated electrohyperthermia (mEHT), frequency enhancers 
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Abstract
Background: There are interesting studies on glioma therapy with modulated electrohyperthermia (mEHT), which combines 
heat therapy with an electric field. Clinical researchers not only found the mEHT method feasible for palliation but also reported 
evidence of therapeutic response. Purpose: To study the efficacy and safety of mEHT for the treatment of relapsed malignant 
glioma and astrocytoma versus best supportive care (BSC). Methods: We collected data retrospectively on 149 patients affected 
by malignant glioma and astrocytoma. Inclusion criteria were informed consent signed; >18 years old; histological diagnosis of 
malignant glioma or astrocytoma; relapsed after surgery, adjuvant temozolomide-based chemotherapy, and radiotherapy; and 
indication for treatment with mEHT in palliative setting. mEHT was performed with capacitive coupling technique keeping the 
skin surface at 26°C and the tumor temperature at 40°C to 42.5°C for > 90% of treatment duration (20-60 minutes). The 
applied power was 40 to 150 W using a step-up heating protocol. Results from patients treated with mEHT were compared with 
those treated with BSC. Results: A total of 149 consecutive patients were enrolled in the study, 111 (74%) had glioblastoma 
multiforme (GBM), and 38 (26%) had astrocytoma (AST). mEHT was performed for 28 (25%) of GBM and 24 (63%) of AST 
patients. Tumor response at the 3-month follow-up was observed in 29% and 48% of GBM and AST patients after mEHT, and 
in 4% and 10% of GBM and AST patients after BSC, respectively. The survival rate at first and second year in the mEHT group 
was 77.3% and 40.9% for AST, and 61% and 29% for GBM, respectively. The 5-year overall survival of AST was 83% after mEHT 
versus 25% after BSC and 3.5% after mEHT versus 1.2% after BSC for GBM. The median overall survival of mEHT was 14 months 
(range 2-108 months) for GBM and 16.5 months (range 3-156 months) for the AST group. We observed 4 long-term survivors in 
the AST and 2 in the GBM group. Two of the long survivors in AST and 1 in GBM group were treated by mEHT. Conclusions: 
mEHT in integrative therapy may have a promising role in the treatment and palliation of relapsed GBM and AST.
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associated with a magnetic field, and catheter-mediated 
hyperthermia.2-5

The combination of traditional hyperthermia (41°C to 
43°C) to radiotherapy (RT) or systemic chemotherapy 
improves and prolongs the clinical benefits of the single 
methods.6,7 This synergistic effect is due to apoptosis induc-
tion, angiogenesis inhibition, chemo- and radiosensitivity 
activation, high drug concentration induction inside the 
lesion, and an increase in the tumor sensitivity to immuno-
therapy.8,9 Gliomas form the majority of brain tumors 
(80%), and glioblastoma multiforme (GBM) represents 
65% of these tumors.10 The prognosis is rather poor due to 
the infiltration of the surrounding brain tissues and the 
resistance to chemotherapy and ET.11 Astrocytoma tumors 
(AST) have a better prognosis than GBM12; however, the 
incidence is lower than GMB.

Surgery, adjuvant temozolomide (TMZ) and RT is the 
first treatment option for gliomas, and RT combined with 
chemotherapy and TMZ is the standard therapy when sur-
gery is not indicated.13,14 Adjuvant therapy with RT in com-
bination with TMZ is effective in prolonging survival13; 
however, the disease recurrence rate is very high (37%).14

There is no standard treatment option for recurrent glio-
mas. Choosing the therapy after progression is very chal-
lenging and options include combinations of surgery, 
re-irradiation (re-RT), chemotherapy, anti-angiogenic 
agents, and combination therapies of hyperthermia with che-
motherapy or RT.15-18 In this case, surgery can be performed 
only for young and fit patients with small-size relapses.

There are interesting studies on glioma therapy with 
mEHT, which combines the heat therapy with an electric 
field.21-24 and the literature shows that radiofrequency com-
bined with conventional hyperthermia is an effective treat-
ment for brain tumors.19,20 Brain tumor therapy with an 
electric field is approved by the US Food and Drug 
Administration (FDA).23 Clinical researchers have not only 
found the mEHT method feasible for palliation but have also 
reported evidence of therapeutic response.16,25,26,27 Literature 
reports good tolerability with rare adverse events and improve-
ment of survival and quality of life.24-26 We have previously 
reported beneficial effects from mEHT treatment in our previ-
ous study on palliation, with evidence of tumor response and 
a slight increase of overall survival.16,25 In this article, we 
describe the efficacy and safety of mEHT on relapsed malig-
nant GBM and AST in a larger number of patients, and com-
pare the results with results obtained from patients treated 
with conventional palliation as best supportive care (BSC).

Materials and Methods

Patient Selection

This was a retrospective observational multicenter cohort-
controlled study, including 4 Italian hospitals: Pesaro, 

Carrara, Empoli, and L’Aquila, 3 of which had mEHT 
devices (Pesaro, Carrara, and Empoli). Inclusion criteria 
were diagnosis of GBM or AST relapsed after surgery, adju-
vant RT and TMZ therapy and no second line therapy per-
formed; >18 years old; informed consent signed; Eastern 
Cooperative Oncology Group (ECOG) performance status 
0 to 3; and normal values of standard hematological 
parameters.

From April 2003 to January 2018, 187 patients with 
GBM and AST were sent to our centers, 31 of these were 
lost to follow-up and were not evaluable for tumor response 
and survival. Seven were not refractory to treatment and 
were still in remission, and mEHT was used to delay tumor 
progression. Finally, 149 patients were included in the 
study: 111 (74%) had GBM and 38 (26%) had AST. The 
mEHT was administered as palliative care to 28 (25%) 
GBM patients and 22 (58%) AST patients (Tables 1 and 2). 
The remaining patients (83 GBM and 14 AST) received 
BSC, including dexamethasone, 18% glycerol infusion, 
mannitol, holistic therapy, and psychosocial support. 
Nitrosoureas or cisplatin-based chemotherapies were 
allowed in the BSC protocol. The BSC group included 28 
(30%) patients (GBM) that received chemotherapy: 12 
rechallenge of TMZ, 8 nitrosurea, and 8 cisplatin-based 
chemotherapies. Chemotherapy was not used for mEHT 
group. The patient’s intention to treat was the selection 
basis for the mEHT group.

Device Description and mEHT Protocol

The study was performed with modulated electro-hyper-
thermia (mEHT) (EHY-2000 Plus device; CE0123, 
Oncotherm, Troisdorf, Germany). mEHT was used to obtain 
predefined heating with an electric field,27,28 increasing the 
field power in an energy-controlled manner.16,17,24,25 The 

Table 1. Description of AST Patients Group.

Parameters (AST) n %

Males 20 52.6
Females 18 47.4
mEHT treated 24 63.2
MGMT methylated 11 28.9
MGMT nonmethylated 11 28.9
MGMT ND 16 42.2
IDH1 mutated 13 34.2
IDH1 wild type 11 28.9
IDH1 ND 14 36.9
Events 15 39.5
Age, years (range) 22-80 —
Survival, months (range) 3-156 —

Abbreviations: AST, astrocytoma; mEHT, modulated 
electrohyperthermia; MGMT, O6-methylguanine-DNA 
methyltransferase; IDH1, isocitrate dehydrogenase 1; ND, non detected.
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therapeutic temperature used in the mEHT treatment was 
estimated to range from 40°C to 42.5°C as previously  
reported.16,17,24-27 The mEHT technique operates with 
amplitude-modulated short-wave radiofrequency at a car-
rier frequency of 13.56 MHz. The technique combines 
impedance coupling with the technique of capacitive cou-
pling. The device has 2 electric capacitive plates (elec-
trodes): one under the patient in the treatment bed, and one 
movable electrode, which is positioned over the patient’s 
target anatomical area to be treated. The electrodes have a 
water bolus to make the best transfer of energy, to distribute 
the electric current inside the tissue following the actual 
form of the patient’s body, and to keep the skin temperature 
safely cooled by cooling the surface with the bolus. The 
preset skin temperature was 26°C and it did not exceed 
39°C at the point of skin contact during the treatment. The 
electrode was 20 cm in diameter and round in shape.

Preprocedural medication administered to all patients 
before each mEHT to avoid brain edema was 250 mL of 
glycerol 18% and dexamethasone 12 mg. The selected area 
was treated 3 times per week for 8 weeks. At 3 months, the 
tumor response was assessed on computed tomography 
(CT) or magnetic resonance imaging (MRI) scans and if the 
response was positive (complete response [CR], partial 
response [PR], or stable disease [SD]) then the 8-week 
course of treatment was repeated. The treatment time and 
the applied power were increased in each session according 
to the patient’s tolerance to heat. The first treatment was 
always performed applying 40 W for 20 minutes (48 kJ 
energy). Time was gradually raised from 20 to 60 minutes 
and the power was increased according to a step-up power 
protocol from 40 up to 150 W (540 kJ) over 2 weeks.25

This protocol achieved an estimated average tempera-
ture inside the tumor volume of >40°C for more than 90% 

of the mEHT sessions, which was indicated by the device 
and controlled by the phantom measurement. The median 
number of mEHT treatments/patient were 22 (range 11-62). 
Summary of the technical mEHT parameters of the treat-
ments is shown in Table 3.

Outcome Measures

MRI or CT scans were performed every 3 months to study 
the efficacy of the treatments. Tumor response was assessed 
with the response evaluation criteria in solid tumors (RECIST, 
v.1.1). The ECOG performance status scale was used to eval-
uate the functional recovery. Overall survival (OS) was com-
puted from the date of initial diagnosis to last follow-up or 
death of the patient. Adverse events were recorded indicating 
intensity and duration, using the Common Terminology 
Criteria for Adverse Events v3.0 (CTCAE). Data on 
O6-methylguanine-DNA-methyltransferase (MGMT) meth-
ylation28 and isocitrate dehydrogenase 1 (IDH1) mutational 
status29 were collected when available (Table 3). The median 
total follow-up time was 16 months (range 1-156 months).

Statistical Analysis

We used descriptive and Kaplan-Meier nonparametric sta-
tistical estimates. The statistical significance was measured 
by Student’s t test, z test for proportions, and log-rank test 
for Kaplan-Meier curves; P ≤ .05 indicated statistically sig-
nificant difference between samples.

Results

Sample Characteristics

Median age was 60 years for GBM (range 33-86 years) and 
50 years (25-71 years) for AST group. Both subgroups 
(GBM and AST) followed the normal distribution and the 
gender ratio had no significant differences, so the statistical 
evaluation had an optimal basis. Data for MGMT methyla-
tion and IDH1 mutational status were not available for 
many patients. A summary of the demographic data is 
shown in Tables 1 and 2.

Table 2. Description of GBM Patients Group.

Parameters (GBM) n %

Males 68 61.3
Females 43 38.7
mEHT treated 28 25.2
MGMT methylated 25 22.5
MGMT nonmethylated 27 24.3
MGMT ND 59 53.2
IDH1 mutated 13 11.7
IDH1 wild type 19 17.1
IDH1 ND 79 71.2
Events 86 77.5
Age, years, range 27-86 —
Survival, months, range 2-108 —

Abbreviations: GBM, glioblastoma multiforme; mEHT, modulated 
electrohyperthermia; MGMT, O6-methylguanine-DNA 
methyltransferase; IDH1, isocitrate dehydrogenase 1; ND, non detected.

Table 3. Treatment Parameters.

Practical Parameters Value

Step-up power, W (from-to) 40-150
Average energy dose, kJ 540
Therapeutic temperature, °C 40-42.5
Treatment time/session, minutes 60
Treatment frequency (weekly) 3
Treatment cycle, weeks 8
Follow-up time, months 16
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Tumor Response

At the 3-month follow-up period, the AST patients of 
mEHT group showed 2 (9%) CR, 8 (36%) PR, and 6 (27%) 
SD. SD was also considered a positive response due to the 
relapsed nature of the disease in this study. For this reason, 
the overall positive response of AST (CR + PR + SD) was 
72% after mEHT (Table 4, Figure 3A) and is significantly 
higher than the 37% observed after BSC (PR = 6% and SD 
= 31%) (P < .005). Also, the objective response (CR + PR) 
(45% vs 6%, P > .005) was significantly higher than that of 
the BSC group. Progressive disease (PD) was observed in 4 
(18%) patients in mEHT and in 9 (56%) of BSC. At the 
3-month follow-up period, the GBM showed 1 (4%) CR, 6 
(21%) PR, and SD 8 (29%), with an overall positive 
response of 54% in the mEHT group, and 13 PD (46%) 
(Table 5, Figure 3B). The GBM treated with BSC had 2 
(2%) CR, 2 (2%) PR, and 12 (14%) SD; whereas PD was 
observed in 62 (75%). Overall positive response of GBM 
treated with BCS was 19% significantly lower (P < .05) 
than that of mEHT group.

Two characteristic cases of AST and 1 case of GBM 
treated with mEHT are shown in Figures 1 and 2, respec-
tively. Figure 1A and B shows relapsed AST (grade III) cases 
in a 24-year-old man and Figure 1C-F shows relapsed AST 
(grade III) in a 32-year-old man. The tumors in both cases 
were well controlled locally. Figure 2 shows the MRI of a 
patient (male, 54 years old) with relapsed GBM (grade IV).

Survival

The response rates of AST and GBM are shown in Figure 
3A and B, respectively. The Kaplan-Meier estimates of 
the treatment survivals are shown for AST and GBM in 
Figures 4 and 5, respectively. The median OS of AST was 
16.5 months (range 3-120 months) and 16 months (range 
3-156 months) in the BSC and mEHT groups, respec-
tively (P = .0065) (Figure 6). Figure 6 shows the advan-
tage of mEHT over BSC in terms of survival for AST. 
Survival rate of AST at the first and second year in the 
mEHT group was 77.3% and 40.9%, respectively. The 
5-year OS of AST was 83% after mEHT versus 25% after 
BSC.

The median OS for GBM was 14 months (range 2-108 
months) after mEHT and 9 months (range 2-84 months) 
after BSC (Figure 7) (P = .047).

We observed 4 long-term survivors in the AST and 2 in 
the GBM group. Two of the long survivors in the AST and 
1 in the GBM group were treated by mEHT, with an OS of 
156, 62, and 108 months, respectively. The long survivor of 
BSC group had a survival of 84 months.

Most patients reported a better quality of life (evaluated 
by subjective responses as reported during follow-up visits) 
after mEHT. Six patients had an objective clinical response 
and therapeutic benefit by mEHT measured by decreased 
ECOG values from 3 to 1 in 2 (9%) AST and 2 (7%) GBM 
patients and from 3 to 0 in 2 (9%) AST patients.

Table 4. Tumor Response and Survival of AST Group.

Results (AST) mEHT (n) mEHT (%) BSC (n) BSC (%)

CR 2 8 0 0
PR 8 33 1 7
SD 6 25 5 36
PD 4 17 9 64
ND 2 8 1 7
OS, months median (range) 16 (3-156) — 16.5 (3-120) —

Abbreviations: AST, astrocytoma; mEHT, modulated electrohyperthermia; BSC, best supportive care; CR, complete response; PR, partial response; SD, 
stable disease; PD, progressive disease; ND, non detected; OS, overall survival.

Table 5. Tumor Response and Survival of GBM Group.

Results (GBM) mEHT (n) mEHT (%) BSC (n) BSC (%)

CR 1 4 2 2
PR 6 21 2 2
SD 8 29 12 14
PD 13 46 62 75
ND 0 0 5 6
OS, months, median (range) 14 (2-108) — 9 (2-84) —

Abbreviations: GBM, glioblastoma multiforme; mEHT, modulated electrohyperthermia; BSC, best supportive care; CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease; ND, non detected; OS, overall survival.
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Figure 1. Magnetic resonance imaging of astrocytomas: case 1 (male 24 years), relapsed astrocytoma grade III (a, b) and case 2 (male, 
32 years), relapsed astrocytoma grade III (c, d, e, f).
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Figure 2. Magnetic resonance imaging of glioblastoma. Relapsed glioblastoma that received 20 hyperthermia sessions with partial 
regression of tumor and edema (B, D, F).
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Safety

Safety of mEHT was also studied. Previously, it was 
hypothesized in some experts’ opinions that mEHT could 
not safely heat tumor cells while keeping normal tempera-
ture in non cancerous tissues.

mEHT toxicity was mostly mild (grade 1). We observed 
in the entire mEHT group (28 GBM and 22 AST) 1 (2%) 
headache, 1 (2%) scalp burn, and 5 (10%) seizures. All 
patients who reported seizures had experienced this symp-
tom from the beginning of the disease. Seizure occurred 
during mEHT treatment in 1 case. The others had a seizure 
more than 1 hour after the treatment. Three patients had 
absence seizures and 2 had tonic-clonic spasm for a few 
minutes (range 1-3). Seizures were resolved with medica-
tion, including diazepam 10 mg in 100 mL of saline and 
levetiracetam in tablets without any further episodes. The 
small total number of adverse events (5%) in this study sup-
ports the strong safety profile of mEHT.

Cardiac evaluation was performed for all patients with 
electrocardiography and echocardiography before and after 
the cycle of mEHT. No significant variations were observed.

Discussion

Relapsed glioma has a poor prognosis, and there are cur-
rently no standard treatments available. The main limitation 

of systemic drugs is blockage from reaching their target by 
the blood-brain barrier.12 The absence of a standard treat-
ment exposes the patients to physician choices, which range 
from surgery (not always indicated) to second-/third-line 
chemotherapies, re-irradiation, biodegradable carmustine 
wafers, gene therapy, and mEHT.12,15-17,19,21,24-26

The method of mEHT is effective in relapsed gliomas 
because the electric field–induced heating damages the tumor 
cells30,31 and increases apoptosis.32,33 The basis of the hyper-
thermia effect is that tumor cells are more sensitive than 
healthy cells to heat with the synergy of an electric field. 
Conventional hyperthermia works by applying a uniform, 
homogeneous overall heating up to 42°C to 43°C to targeted 
areas, and it can be used in association with chemotherapy or 
RT.5-7 The mEHT method heats selected malignant cells up to 
42°C to 43°C, but the whole average temperature is lower 
than that obtained with the conventional method. This mild 
hyperthermia increases blood flow,18-20,34,35 which is neces-
sary to support complementary chemotherapy and RT.

Figure 3. Response rates of (A) astrocytoma (AST) and 
(B) glioblastoma multiforme (GBM). mEHT, modulated 
electrohyperthermia; BSC, best supportive care; CR, complete 
response; PR, partial response; SD, stable disease; PD, 
progressive disease; ND, non detected

Figure 4. Kaplan-Meier plots for astrocytoma (AST). (A) after 
best supportive care (BSC) treatment and (B) after modulated 
electrohyperthermia (mEHT) treatment. OS, overall survival.
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The main advantage of mEHT is the application of high 
temperature on selected cells, while keeping surrounding 
cells at moderate temperature. For this reason, mEHT is 
ideal for intracranial heating, where high temperatures of 
the brain could be life-threatening. The selective heating of 
mEHT is safer than the overall homogeneous heating of 
conventional hyperthermia and increases remission rate, 
OS, and progression-free survival.16,17,24,25 This study shows 
that mEHT is safe and well tolerated, rarely resulting in 
mild pain, burns, or discomfort. The rare adverse events 
were observed for only 7 patients (14%) out of the whole 
mEHT group (28 GBM and 22 AST) and were temporary in 
duration. No signs of damage to healthy tissues during 
mEHT therapy were observed.

The overall positive response (CR + PR + SD) of AST 
after mEHT was 72% and is significantly higher than the 
37% observed after BSC (P < .005), as is the objective 
response (CR + PR) (45% vs 6% P > .005). The overall PR 
of GBM after mEHT is 54% and is significantly higher than 
that of 18% obtained with BSC (P = .001) as is the objective 
response (25% vs 4%, P = .016). This may suggest a better 
effect of mEHT than BSC. Efficacy of mEHT in terms of 
tumor response and survival are comparable to those 
obtained in other studies and in our previously reported 
results of mEHT.16,17,25 Some authors report a response rate 
66% for GBM after mEHT; however, they observed only 
SD or PR and no CR.16,17,24,26

The median duration of relapse-free survival of the 
mEHT (AST + GBM) group was longer (16 months, range 
6-120 months) compared with our previous study, which 
was 10 months.16 This may be due to the larger number of 
patients enrolled. Tumor response was associated with an 
improvement in performance status in 6 (12%) patients of 
the mEHT group (AST + GBM).

Figure 5. Kaplan-Meier plots for glioblastoma multiforme (GBM). (A) 
after best supportive care (BSC) treatment and (B) after modulated 
electrohyperthermia (mEHT) treatment. OS, overall survival.

Figure 6. Overall survival (OS) of astrocytoma (AST) in best 
supportive care (BSC) and modulated electrohyperthermia 
(mEHT) groups.

Figure 7. Overall survival (OS) of glioblastoma multiforme 
(GBM) in best supportive care (BSC) and modulated 
electrohyperthermia (mEHT) groups.
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The median OS for GBM is 14 months (range 2-108 
months) after mEHT and 9 months (range 2-84 months) after 
BSC, whereas the OS of AST is 16 months (range 3-156 
months) after mEHT and 16.5 months (range 3-120 months) 
after BSC. These results on the median OS are similar to that 
of 19.5 months reported in our previous study25 and are 
higher than the 2.1 to 7.9 months reported by Silva et al36 in 
their study on magnetic hyperthermia used as a palliative 
therapy in recurrent gliomas. OS was comparable to results 
reported by Sneed et al22 (31% at the 2-year follow-up); how-
ever, that study used invasive processes, while mEHT treat-
ment is a non invasive therapy. The difference in the 5-year 
OS of 83% after mEHT versus 25% after BSC in the AST 
group seems a relevant and important parameter.

The relationship of age to the results is interesting (Radiation 
Therapy Oncology Group [RTOG] classification37). In the case 

of BSC treatment for AST patients, age is a crucial parameter. 
BSC treatments are significantly better in survival for 
younger patients than for older (P = .04); while the mEHT 
treatment in AST patients is not affected by age as con-
cerns survival (P = .82) (Figure 8). In the case of GBM 
patients, neither BSC nor mEHT treatments are influenced 
by the age of patients (P = .75 and P = .39, respectively) 
(Figure 9).

The main limitations of this study are the absence of ran-
domization and the retrospective collection of data. The 
general sample of consecutive patients without arbitrary 
exclusions may be considered as control sample; however, 
there was no randomization as this was a retrospective 
observational study. Further multicenter randomized and 
prospective studies with a greater number of patients are 
needed to confirm these results.

Figure 8. Overall survival (OS) according to astrocytoma 
(AST) patients’ age: (A) after best supportive care (BSC) 
treatment and (B) after modulated electrohyperthermia (mEHT) 
treatment.

Figure 9. Overall survival (OS) according to glioblastoma 
multiforme (GBM) patients’ age: (A) after best supportive care 
(BSC) treatment and (B) after modulated electrohyperthermia 
(mEHT) treatment.
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Conclusions

Recurrent gliomas (GBM and AST) may benefit from 
mEHT, a safe and effective integrative therapy. Both GBM 
and AST patients showed higher response rates after mEHT 
than those who received best supportive care. Together with 
local control, the OS was also significantly improved by 
mEHT compared with the conventional BSC palliation in 
recurrent glioma patients. Only a few mild adverse events 
were reported. Quality of life is also improved, as assessed 
by subjective reports of the patients and a decrease in ECOG 
performance status scores. This study shows that mEHT is 
safe and well tolerated for the management of recurrent 
gliomas, rarely resulting in mild pain, burns, or discomfort. 
Further studies are required to confirm these results.
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