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Salvage therapy for recurrent high grade gliomas (HGG) includes surgery, radiotherapy and chemotherapy, however,
standard treatment does not exist. We evaluated the tolerability and efficacy of re-irradiation (re-RT) with hyperthermia
(HT) for patients with recurrent HGG. From September 2010 to July 2015, 20 patients with recurrent HGG were treated with
re-RT and HT. The radiotherapy dose of 30 Gray (Gy) was delivered with 2 Gy per fraction daily, and HT was performed
twice weekly. Primary endpoints were treatment compliance and toxicity. Second endpoints were overall survival (OS) and
progression free survival (PFS). The median interval between initial RT and re-RT was 11 months. During re-RT with HT,
there were no significant acute morbidities over grade 3. Median overall survival (OS) from re-irradiation was 8.4 months
and the 6 and 12 months survival rate were 67% and 30%, respectively. The median progression free survival (PFS) from
re-irradiation was 4.1 month. Our findings suggested that concurrent re-RT with HT was a safe and well-tolerated. In addi-
tion, the combination re-RT and HT could be a valuable salvage treatment option for selected recurrent HGG patients with

poor performance status.
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High-grade gliomas (HGG) comprise both glioblastoma
multiforme (GBM) and anaplastic glioma. The standard
treatment of HGG is surgical resection of the tumor to the
maximum extent that is safely possible, followed by radio-
therapy (RT) and chemotherapy (CT) with temozolomide
(TMZ) [1, 2]. Local control and survival in patients with
HGG is poor even after multimodality treatment, and 90%
of HGG patients experience recurrence within 2 years of the
initial therapy [3].

Treatment options for recurrent HGG are surgical resec-
tion, re-irradiation (re-RT), cytotoxic agents, anti-angiogenic
agents, and combination therapies. Although many approaches
for recurrent HGG have been evaluated, no standard treatment
option exists [4]. Surgery is favorable for a limited group of
patients, such as those with higher performance status or
a smaller lesion, as well as for younger patients [5]. The re-RT
dose is limited because of the risk of toxicity in brain tissue
previously exposed to high-dose conventional RT. Conse-
quently, hypofractionated stereotactic radiotherapy (HFSRT)
or stereotactic surgery (SRS) is often employed. However, re-

RT have revealed that the overall survival (OS) after treatment
is 8-10 months in patients with HGG [6].

Hyperthermia (HT) has a synergic effect that improves
re-oxygenation of the tumor and sensitizes tumor cells to
RT [7-9]. In addition, HT inhibits the repair of sub-lethal
and lethal damage to tumor cells by inhibiting DNA repair
pathways [10]. A previous study evaluated HT combined with
brachytherapy for patients with GBM, and the 2-year OS rate
increased significantly in patients treated with HT and RT
[11]. HT is a safe method because most normal tissues are
not damaged during treatment, and side effects such as burns,
discomfort, and pain are temporary.

We have used a combined treatment of HT with re-RT for
patients with recurrent HGG and analyzed the outcome.

Patients and methods

Patients. Between September 2010 and July 2015, 20
patients received re-RT with HT in our institution. Before
treatment, all patients were discussed by a multidisciplinary
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decision-making team comprising neuro-oncology surgeons,
medical oncologists and radiation oncologists, among others.
Re-RT with HT was offered to patients who could not receive
surgery or chemotherapy because of poor general well-being,
such as a low Karnofsky Performance Score (KPS) or a sal-
vage operation history for recurrent HGG. Patients initially
diagnosed with HGG received gross total resection, subtotal
resection, or biopsy when possible. After surgery, brain ra-
diation was performed with a dose of up to 60 Gy in 30 daily
fractions. The patients received TMZ-based chemotherapy
concurrently with RT followed by maintenance chemotherapy
for 5 days every 4 weeks after radiation. Treatment outcomes
were evaluated by follow-up brain magnetic resonance imag-
ing (MRI) every 3 months. If patients displayed symptoms
indicating tumor progression, an evaluation including imag-
ing was performed. The diagnosis of tumor recurrence was
based on changes in the tumor volume detected using dy-
namic contrast-enhanced MRI, and additionally considering
the standardized uptake value (SUV) on *flurodeoxyglucose-
positron emission tomography [12]. The failure pattern
was defined as “in field” if more than 80% of the recurrent
tumor was inside the initial planning target volume (PTV);
it was considered “marginal” if 20% to 80% of the lesion was
inside the previous PTV [13]. The other cases were defined
as “outside field”. Clinical data were obtained from patients’
electronic medical records. This study was reviewed and ap-
proved by the institutional review board of our institution.
Radiotherapy. Patients underwent a simulation in the
supine position with a mask device using a Philips Big Bore
Brilliance computed tomography (CT) scanner with 3-mm
slice intervals for three-dimensional RT planning. The initial
clinical target volume (CTV) contained the tumor bed and
edema on T2-fluid-attenuated inversion recovery (FLAIR)
imaging. The PTV was defined as CTV plus a 20-mm margin.
After recurrence, the gross tumor volume (GTV) was deline-
ated based on the contrast-enhanced tumor on T1-weighted
gadolinium-enhanced MRI registered with the CT planning
images. The PTV was defined as the GTV plus a 5-mm margin.
This margin was modified around natural barriers such as the
skull, ventricles, and falx. Organs at risk (OAR) were defined as
the brain stem, optic nerves, and optic chiasm. The maximum
dose for OAR was 30 Gy for the brain stem and 25 Gy for the
optic components. RT was delivered to the PTV at a dose of
30 Gy using 6-MV photon beams applied in multiple fields.
The defined PTV was encompassed by the 97% isodose line.
The Eclipse External Beam Planning System ver. 7.1 (Varian
Medical Systems, Palo Alto, CA, USA) was used.
Hyperthermia. The HT treatment was given for 40-60
minutes twice a week up to 1 hour before RT. HT for recurrent
HGG was achieved with a Celsius 42+ (Celsius 42+, GmBH,
Koln, Germany) device during RT. The patient’s position dur-
ing treatment was right or left lying down according to the
GTV location. The system used 150-mm electrodes coupled
with a distilled water bolus to deliver radiofrequency at 13.56
MHz, which, in principle, can penetrate deep-situated regions

[14]. The electrodes were placed at the center of the treatment
plan for re-RT, and treatment fields covered the entire target
area. Temperatures at the three sites (in the ear, skin tumor
site, and treatment center) were measured before, during, and
after treatment. Heating was started at 25 W during the first 20
minutes. Patients were instructed to report any discomfort due
to high temperatures, which could induce a skin reaction in
normal tissues. To avoid skin burns and reach higher thermo-
tolerance in patients, a cooling system was created by flowing
cooled water between each electrode and the patient’s body.
Power and phase treatment settings were adjusted accord-
ing to the patient’s condition. If there was no complaint, the
power was increased by 5 W every 5 minutes, up to 45 W for
60 minutes each. The treatment goal was to achieve 40-43°C
as consistently as possible [15].

Endpoints and statistical analysis. The primary endpoints
were treatment compliance and toxicity of HT combined with
external RT for patients with recurrent HGG. Toxicity was es-
timated using the Common Terminology Criteria for Adverse
Event (CTCAE) 4.0. Treatment compliance was evaluated
upon completion of the planned treatment. The secondary
endpoints were OS and progression-free survival (PFS). OS
was defined as survival from the start of re-RT and HT until
death or the final follow-up. PFS was defined as progression
of disease, based on MRI imaging every 3 months. A survival
analysis was performed by the Kaplan-Meier method. All
statistical analyses were performed with IBM SPSS statistics
ver. 19.0 software (IBM SPSS, Inc., Armonk, NY, USA). Two-
sided p-values <0.05 were considered statistically significant.

Results

Twenty patients (8 male and 12 female patients) with recur-
rent HGG were analyzed in the study. The median patient age
was 56 years (range, 36-77 years). The median KPS was 60
(range, 30-90) and 7 patients (35%) had a KPS below 50 at re-
RT. The MGMT methylation status was assessed in 14 patients,
and 5 patients (25%) had positive results. Fifteen patients had
previously undergone debulking surgery, whereas the other
5 had undergone biopsy at the initial surgery (Table 1). Patients
had initially received 60 Gy external RT and concomitant TMZ.
Maintenance TMZ was administered at an average of 6 cycles
(range, 0-12 cycles). Regarding the failure pattern of patients,
70% of these were located in-field (14 patients), 10% were
marginal (2 patients) and 20% were out-field (4 patients). The
median interval between initial RT and re-RT was 11 months
(range, 4-26 months).

RT was delivered to the brain at a dose of 30 Gy (range,
16.0-40 Gy). HT was performed 6 times (range, 3-12 times)
twice per week during RT. The median cumulative doses
were 89.4 Gy (range, 76.0-100.0) for 2 radiotherapy sessions
and 172.9 Gy (range, 152.0-200.0) for biologically effective
dose (BED) (a/P=2 Gy). Salvage surgery before re-RT was
performed for 6 (30%) patients. Fourteen patients (70%) did
not undergo surgery because of poor general well-being, such
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as a low KPS, renal failure, hepatitis, or a lesion in a critical
location. Chemotherapy was administered to 8 patients (40%)
before RT, with TMZ (N=6) and procarbazine, lomustine, and
vincristine (N=2).

All patients completed the prescribed treatment program
except for 1 patient who received 15 Gy of RT and 3 times of
HT because of general deterioration. During re-RT with HT,
no acute toxicity over grade 3 occurred (Table 2). The main
adverse event was grade 2 anemia, which was observed in 6
patients. Grade 2 toxicity was observed in 2 patients (10%),
and headache and nausea were observed in 3 patients (15%).
Grade 2 thermal burns occurred in 1 patient (5%) and they
healed with medical intervention.

The median follow-up duration from re-RT was 8.4 months
(range, 1.3-18.1 months). The median OS was 8.4 months
(95% confidence interval [CI]: 6.9-9.9 months) (Figure 1).
The 6- and 12-month survival rates were 67% and 30%, re-

Table 1. Patient baseline Characteristics (n=20)

Characteristics No. of patients (%)
Age, years

Median (range) 56 (36 - 77)
Sex

Male 8 (40)

Female 12 (60)
KPS

Median (range) 60 (30 - 90)
Initial WHO grade

111 16 (80)

v 4 (20)
MGMT methylation

Methylated 9 (45)

Unmethylated 5(25)

Unknown 6 (30)
Salvage surgery

Yes 7 (35)

No 13 (65)
Local failure pattern

In field 14 (70)

Marginal 2 (10)

Out field 4 (20)

Interval between RT

Median (range) 11.0 (3.1- 26.1)
Initial RT dose ,Gy

Median (range) 59.4 (59.4 - 60)
Initial TMZ cycle

Median (range) 6 (0-12)
Re-irradiation dose,Gy

Median (range) 30 (16-40)
Hyperthermia fraction

Median (range) 6 (3-12)

Abbreviations: KPS, Karnofsky Performance Score at re-irradiation; TMZ,
temozolomide
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Figure 1. Kaplan-Meier curve of overall survival (OS) for patients with
recurrent high grade glioma (HGG) treated with re-irradiation (re-RT)
and hyperthermia (HT).

spectively. The median PFS was 4.1 months (95% confidence
interval [CI]: 3.4-4.7 months) and the 6-month PFS was 13%.

Discussion

Salvage therapy for recurrent HGG includes surgery, ra-
diotherapy, and chemotherapy, however, there is no standard
treatment. We performed re-RT with HT for patients who
could not undergo surgery or chemotherapy because of poor
general well-being or patient refusal. During re-RT with HT,
no acute toxicity over grade 3 occurred. The median OS from
re-RT was 8.4 months, and the 6- and 12-month survival rates
were 67% and 30%, respectively.

In previous studies, chemotherapy was the most commonly
used therapy for treating recurrent malignant glioma, and an
alkylating agent was the first-line therapy. Nitrourea, TMZ,
and bevacizumab (BVZ), alone or in combination, have been
used to treat patients with recurrent HGG [16-18]. Addition-
ally, BVZ combined with irinotecan resulted in 6-month PFS
and OS rates of 46% and 77%, respectively [19, 20]. A surgical
approach was possible for selected patients, but not for patients

Table 2. Toxicities during treatment

No. of patients (%)

Toxicity

Grade 1 Grade 2 Grade 3 Grade 4
Anemia 1(5) 6(30) - _
Leukopenia 1(5) 1(5) - _
Neutropenia - - - -
Thrombocytopenia - - - ,
Dizziness 1(5) 1(5) - _
Headache - 2(10) _
Nausea - 3(15) - _
Vomitus 1(5) - - _
Skin burn - 1(5)- - _
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whose tumors had reached critical regions that may be associ-
ated with high morbidity [21].

Many studies have compared the survival benefits of RT-
based treatment modalities in patients with recurrent HGG
(Table 3). Because additional conventional courses of irradia-
tion to a previous treatment field carry an increased risk of
toxicity, short-course fractionation and stereotactic radio-
therapy of small volume were often administered. Combs et
al. reported a median OS of 8 months with 36 Gy irradiation
at 2 Gy per fraction [22]. Fogh et al. found that patients with
GBM treated with HFSRT of 35 Gy at 3.5 Gy per fraction had
a median survival of 8 months from the start of treatment
[23]. In another study, patients receiving RT with 30 Gy in
5 fractions had a median OS of 7.9 months after re-RT [24].
Ciamella et al. found that the median OS was 9.5 months in
a HFSRT study with 25 Gy administered in 5 fractions [25].

Because the treatment dose of re-RT is limited and as malig-
nant gliomas are diffuse and infiltrative, previous studies have
evaluated the synergic effect of re-RT with a systemic response
modulator. Concomitant RT and chemotherapy, such as TMZ
or BVZ, has been used in patients with recurrent HGG. Combs
etal. confirmed a median survival of 8 months and a 12-month
survival rate of 25% when 25 patients received 36 Gy of frac-
tionated RT in 2-Gy fractions combined with TMZ [26]. In
another study, patients received re-RT (37.5 Gy in 2.5-Gy frac-
tions) with concomitant TMZ followed by adjuvant TMZ. The
median OS was 9.7 months, and the 12-month survival rate
was 33% [27]. BVZ sensitizes the tumor endothelium to RT by
depleting vascular endothelial growth factor levels, and also
lowers the RT dose required to control 50% of the tumor [28,
29]. Consequently, the combination of BVZ and radiotherapy
results in a synergic effect and a superior outcome compared
to single modality therapy [30]. Gutin et al. reported a me-
dian survival of 12.5 months and a 12-month survival rate of
63% in 25 patients who received 30 Gy HFSRT in 5 fractions,
along with BVZ [12]. However, BVZ was associated with side
effects including impaired wound healing, hemorrhage, and
gastrointestinal perforation.

The results of our study combining HT with re-RT in pa-
tients with recurrent HGG were similar to those of previous
studies (Table 3). Furthermore, the median OS was longer than
that of patients receiving supportive care (8.4 vs. 2.5 months)
[25]. However, in the previous study, the majority of patients
had a KPS of over 60 [12, 23, 25, 27], with 92% patients having
a KPS of more than 70 [26]. By comparison, in our study, the
median KPS was 60 (range, 30-90) and 8 patients (40%) had
a KPS of more than 60. In addition, patients who underwent
salvage surgery before RT have a superior prognosis compared
to those who did not undergo the operation. In previous
studies, surgical resection was performed for patients over
60% [23, 24, 26]. In contrast, in the present study, surgery for
arecurrent lesion was performed in 7 patients (35%) because
of comorbidity and poor overall health.

Treatment-induced complications have long been a con-
cern for patients with recurrent malignant glioma. In a study
of irinotecan in combination with TMZ, 1 of 12 patients
developed grade 4 lymphopenia and neutropenia, and grade
3 thrombocytopenia. In particular, 1 patient died of grade 5
pneumonia caused by Legionella [31]. Kreisl et al. used BVZ in
combination with irinotecan for patients with recurrent GBM,
and thromboembolic events occurred in 6 patients (12.5%)
[20]. Radiation-induced necrosis occurred in 8% of patients
who received fractionated RT and TMZ, and moderate and
severe fatigue was reported in 41% of patients [27]. Gutin et
al. used HSRT with BVZ. Three of 25 patients discontinued
treatment because of grade 3 intratumoral hemorrhage,
wound dehiscence, or bowel perforation [12]. The treatment
discontinuation in these patients with recurrent HGG was
associated with prognosis [32]. Unlike in previous studies, no
patient in the present study discontinued treatment because
of a treatment-related toxicity. Steroid was used during RT
and Radiation-induced headache occurred in only 2 patients
(10%). One patient in our study did not complete the planned
treatment because of deteriorated general performance.

A limitation of this study was that the choice of treatment
modality (surgery, chemotherapy, or RT) was determined by

Table 3. Clinical therapeutic outcomes based on radiotherapy for recurrent malignant glioma.

Authors N Re-irradiation dose KPS Concomitant Median OS Treatment
therapy (months) completion
Combs et al. [22] 53 36 Gy/18 Fr >80:87% <80:13% None 8.0 Not evaluated
Fogh et al. [23] 105 35 Gy/10 Fr 260 None 11.0 Completion
Vodermark 14 30 Gy/5 Fr >60 None 7.9 Not evaluated
et al. [24]
Ciamella et.al [25] 15 25 Gy/5Fr =70 None 9.5 Completion
Combs et al. [26] 25 36 Gy /18 Fr 270:92% T™Z 8.0 Completion
<70 :8%
Minniti et al. [27] 54 37.5 Gy/15 Fr =60 T™MZ 9.7 Completion
Gutin et al. [12] 20 30 Gy /5 Fr >70 BVZ 12.5 Discontinuation
This Study 20 30 Gy /15 Fr =30 HT 8.4 Completion

Abbreviations: N, numbers at re-irradiation; KPS, Karnofsky Performance Score at re-irradiation; TMZ, temozolomide; BVZ, bevacizumab; HT, hyperthermia
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the multidisciplinary team (neurosurgeon, hemato-oncologist,
and radiation oncologist). Therefore, clinical features such as
patient performance and co-morbidities were considered for
the decision of the treatment regimen. It was ultimately de-
cided that patients with poor prognosis with limited salvage
treatment options would be selected. The median KPS of
patients receiving re-RT with HT was 60, lower than that in
previous studies [25, 27]. Furthermore, we did not compare
the combination of RT and HT with RT alone. A future rand-
omized study comparing the re-RT alone and re-RT with HT
could help identify any synergic effects of HT.

Conclusion. It was suggested that concurrent re-RT with
HT was safe and well-tolerated treatment option for patients
with recurrent HGG in our study. Moreover, although patients
with poor performance status were selected, the combination
of HT with RT resulted in equivalent survival rates when
compared with those described in previous studies. Concur-
rent re-RT and HT could therefore be a valuable therapeutic
option for HGG patients in poor health status. Further studies
are needed to evaluate the potential advantages of re-RT with
HT for recurrent HGG.
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