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therapy with temozolomide in selected patients with recurrent
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Background: High grade gliomas often recur after initial treatment. Despite so many treatment options, there is
no standard treatment for recurrent gliomas. The aim of this study is to offer survival following reirradiation (re-RT)
using intensity-modulated radiation therapy (IMRT) with temozolomide in selected patients with recurrent high
grade gliomas.

Methods: We examined the medical records of 21 adult patients with recurrent high grade gliomas who
were reirradiated with IMRT at the time of tumor recurrence or progression. Tumor recurrence was shown by
gadolinium-enhanced magnetic resonance imaging (MRI) and diagnosis was established by pathology review.
Statistical analyses were performed with SPSS version 18.0.1 using Cox regression analyses, log-rank test and
Kaplan-Meier method.

Results: Eighteen patients presented by localized recurrence, three patients with diffuse recurrence. Median
radiotherapy (RT) dose was 54 Gy. About 81% patients received temozolomide with re-RT. The time interval between
two courses RT was median 39.3 months (range, 9.6-140.8 months). The response was checked by MRI. About 24%
patients achieved complete response (CR) and 29% patient partial response (PR). Stable disease (SD) was observed in
47% patients. Median follow-up time from diagnosis was 41.4 months (range, 16.6-145.4 months) and 12.3 months
(range, 2-27.6 months) from re-RT. Median time to recurrence was 39.3 months (range, 9.6-140.8 months). Median
survival after re-RT was 18 months for anaplastic astrocytoma (AA), 14.1 months for glioblastoma multiforme (GBM)
(range, 11-17.2 months) (P=0.1) and 7.1 months for patients with Karnofsky performance status (KPS) <70 before
re-RT and 17.4 months for KPS >70 (P=0.02).

Conclusions: re-RT is one of the treatment options for recurrent high grade gliomas and IMRT can be an
effective treatment modality for recurrent high grade brain tumors with only mild side effects. Survival is better in

patients with good performance status and in recurrent anaplastic tumors after re-RT.
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Introduction 70%) after initial treatment (1,2). Despite advances in
High grade gliomas are the most frequent primary central imaging, anesthesia and surgical techniques, the prognosis
nervous system tumors in adults with an incidence of of malignant gliomas treated by surgical resection alone
6.03 per 100,000 adults per year and often recur (at least is poor and median survival 4-6 months (3), with adding
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radiotherapy (RT) extending median survival to 8-9 months.
Adding temozolomide extends median survival to 15 months
for glioblastomas and 2-5 years for anaplastic gliomas
(AG) 4). Despite all the treatment options, almost patients
with high grade gliomas [grade III anaplastic astrocytoma
(AA), grade IV glioblastoma multiforme (GBM)] and
anaplastic histologic features tend to recurrence and usually
have an extremely poor prognosis (5,6).

Most data suggest that, to stabilization of neurologic
symptoms and additional survival time, re-treatment
options can be applied for selected patients. There are
several therapeutic options for the salvage treatment of
patients after initial RT like as, re-resection, reirradiation
(re-RT) or systemic agents with chemotherapy for recurrent
gliomas. Despite so many treatment options, there is no
standard treatment for recurrent gliomas. The prognosis is
very poor and patients’ survival without treatment is a few
months (7,8). However, after local relapse of gliomas, re-
RT has been shown to be of value (9).

For re-RT of high grade gliomas, several RT techniques
have been used to improve the therapeutic ratio including
3D-conformal RT, intensity-modulated radiation therapy
(IMRT), brachytherapy, stereotactic radiosurgery (SRS) or
stereotactic beam RT (SBRT) (9-13). However, radiation
toxicity is very important in re-RT and various factors
including dose per fraction, total cuamulative radiation dose,
fractionation scheme, time interval between first and second
course RT, irradiated brain volume may influence brain
tolerance for re-RT (10,14).

Temozolomide is an effective systemic agent for recurrent
gliomas and is used concurrently with RT, although there
is no consensus on an optimal regimen for recurrent
disease (15). Major adverse effect of temozolomide is
myelotoxicity, especially thrombocytopenia and neutropenia
(16-18).

The aim of this retrospective study is to offer survival
following re-RT using IMRT with temozolomide in
patients with recurrent high grade gliomas.

Patients and methods

The design of the present study was approved by the Ethical
Committee and Institutional Review Board of Necmettin
Erbakan University Faculty of Medicine, where the study
was conducted.

We identified 21 adult patients with recurrent primary
brain tumor who were reirradiated with IMRT at the time
of tumor recurrence or progression in Necmettin Erbakan
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Table 1 Response definitions (16)
Response

Definitions

Complete response (CR) Disappearance of all contrast
enhancing tumor
50% or more reduction in the

size of measurable disease

Partial response (PR)

25% or more increase in the
size of measurable disease

Disease progression (DP)

Stable disease (SD) All other situations

University, department of radiation oncology between
June 2010 and June 2014. Tumor recurrence was shown by
gadolinium-enhanced magnetic resonance imaging (MRI)
and diagnosis was established by pathology review in all cases.

Using the patients charts and electronic medical records
with blinding to patients’ date of recurrence, last follow-
up and death, the following data was obtained: sex, age,
recurrent tumor pathology, location and size, extent of
surgery, RT dose, biological effective dose (BED), whole
brain RT dose, Karnofsky performance status (KPS) before
the second course RT, time between RT courses, response
to re-RT, use of chemotherapy, toxic effects of treatment
and survival time.

Patients were evaluated after treatment for response as
described in Table 1.

Study design

Inclusion criteria for re-RT were: (I) recurrent or
progressive primary high grade brain tumor at the primary
site; (II) measurable lesion on MRI; (IIT) ages between 18-
70 years old; (IV) KPS >50; (V) an initial radiation dose
between 30-60 Gy; (VI) an interval period between two RT
course of at least 9 months. Patients were also required to
have adequate hematological [hemoglobin >9 mg/dL, white
blood cell (WBC) >4,000/mm’, absolute neutrophil count
(ANC) >2,000/mm’, platelets >100,000/mm’], liver and
renal functions (creatine <1.5 mg/dL). Patients with other
solid organ metastases were excluded from the study.

Radiation therapy simulation and target volume definition

All patients were informed about the potential risks and
benefits of radiation therapy and their informed consents
were obtained. Simulation was performed using a clinical
CT simulator. For simulation all patients were immobilized
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Table 2 Patient characteristics

Characteristics

Data (n=21) [%]

Sex

Male 11 [48]

Female 10 [52]
Age (years)

<45 8 [35]

>45 13 [62]
Histopathological subtype (recurrence)

Anaplastic astrocytoma (AA) 3 [14]

Glioblastoma multiforme (GBM) 18 [86]
Tumor location

Frontal lobe 5 [24]

Parietal lobe 7 [33]

Temporal lobe 6 [29]

Occipital lobe 2 [9]

Others 11[5]
Tumor size (cm)

<5 10 [48]

>5 11 [52]
Extend of surgery

Gross total resection 7 [33]

Subtotal resection 6 [29]

Biopsy only 8 [38]

using a commercially available thermoplastic mask,
supine with neutral neck position. CT image data was
reconstructed in 3 mm slice thickness and then compared
with preoperative MRI. The gross tumor volume (GTV)
was defined as the enhancing lesion on T'1 post-gadolinium
and T2 FLAIR MRI sequences. The clinical target volume
(CTV) included the GTV with a 2 cm expansion. Planning
target volume (PTV) was delineated as the CTV plus 5 mm
concentric expansion. The PTV was reduced in areas near
organ at risks (OARs). These OARs included the brainstem,
pituitary gland, cochlea, optic chiasm, optic nerves and
lenses. All doses of OARs were in normally ranges.

Treatment planning

"Twenty-one patients were treated with IMRT as prescribed
to the International Commission of Radiological Units and
Measurements reference point using a single phase IMRT
technique and given temozolamide at dose of 75 mg/m’/day
concomitant with RT. All patients underwent inverse
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planning on the Eclipse™ treatment planning system
(Varian Medical Systems, Palo Alto, CA).

Follow-up

Baseline physical and neurological examination and MRI
were performed before re-RT. During the treatment
patient were followed once weekly for new or treatment
related complications, CBC, blood chemistry test and
physical examination. Toxic effects were graded according
to RTOG-Acute Radiation Morbidity Scoring Criteria.
Clinical and radiological responses were evaluated every
3 months with clinical examination and MRI images.

Statistical analysis

Statistical analyses were performed with SPSS version
18.0.1 (SPSS Inc., Chicago, IL, USA) using Cox regression
analyses (stepwise backwards, P in 0.05, P out 0.1), Kaplan-
Meier method and log-rank test. Statistical significance was
defined as P<0.05.

Results

Between June 2010 and December 2014, 21 patients with
recurrent high grade gliomas were treated with IMRT at
the time of tumor progression or recurrence. The median
age at the start of re-RT was 48 years (range, 19-67 years).
Recurrent tumor size was median 5.5 cm (range, 2-9 cm).
Patient characteristics were presented in Table 2.

At the time of first diagnosis, 11 (52%) patients were AA
and 10 (48%) patients were GBM. Three (14%) patients
were AA and 18 (86%) patients were GBM at the time of
tumor progression or recurrence. Increasing grade existed
at 8 (38%) patients in recurrence.

Eighteen patients presented by localized recurrence,
three patients presented with diffuse recurrence. Median
RT dose was 54 Gy (range, 25-60 Gy) for recurrent
lesions. The BED cumulative was median 116 Gy (range,
105-150 Gy) and whole brain RT dose was median 28.7
Gy (range, 12.4-48.7 Gy). Before the re-RT, median KPS
was 70 (range, 50-100). The time interval between two
courses RT was median 39.3 months (range, 9.6-140.8
months). Out of 21 patients, 17 patients (81%) received
temozolomide with re-RT.

The response was evaluated by MRI that was done
2 months after re-RT. Five patients (24%) achieved
complete response (CR), 6 patients (29%) achieved
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Figure 1 Overall survival from reirradiation for patients with grade
IIT astrocytoma and glioblastoma multiforme (GBM) (Kaplan-

Meier’s estimation).
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Figure 2 Overall survival for patients with KPS before
reirradiation (Kaplan-Meier’s estimation). KPS, Karnofsky

performance status.

partial response (PR). Stable disease (SD) was observed
in 10 patients (47%). Disease progression (DP) was not
observed.

The treatment protocol was well tolerated with only
mild side effects. In 2 patients (10%) grade 1 neutropenia,
in 2 patients (10%) grade 2 thrombocytopenia and in
3 patients (14%) grade 1 leucopenia was observed. Grade
1-2 toxicity in the form of nausea and vomiting occurred
in 3 patients (14%). No grade 3 or 4 toxicity was recorded.
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Table 3 Median survival times after reirradiation

Median survival time

Variables after reirradiation P value
(months)
Histopathological subtype 0.10
Glioblastoma multiforme 141
(GBM)
Anaplastic astrocytoma (AA) 18.0
Karnofsky performance status 0.02
(KPS)
<70 7.1
>70 17.4
Recurrent tumor size (cm) 0.42
>5 12.3
<5 141
Response to reirradiation 0.20
Partial response (PR) 12.3
Stable disease (SD) 15.6

Median follow-up time from diagnosis was 41.4 months
(range, 16.6-145.4 months). Median fallow-up time from re-
RT was 12.3 months (range, 2-27.6 months). Median time
to recurrence was 39.3 months (range, 9.6-140.8 months).
Median survival after re-RT was 18 months for AA,
14.1 months for GBM (range, 11-17.2 months) (P=0.1) and
was shown in Figure 1.

The median survival was 7.1 months for patients with
KPS <70 before re-RT and 17.4 months for KPS >70
(P=0.02) and was shown in Figure 2.

The median survival after re-RT was 12.3 months for
patients with recurrent tumor size >5 cm and 14.1 months
for <5 cm (P=0.42).

All patients who were CR to re-RT are alive, median
survival for patients with PR was median 12.3 months
(range, 6.7-13.8 months) and 15.6 months (range, 8.4-
16.2 months) for patients with SD (P=0.2). Median survival
times after re-R'T was shown in Tuble 3.

Univariate analysis for factors related to overall survival
following re-RT showed that KPS <70 (P=0.02) and
histopathological subtype of GBM (P=0.1) were negative
predictive factors and all results was shown in Table 4.

Discussion

Despite the use of many effective treatment options in
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Table 4 Univariate analysis for factors related to overall survival

following reirradiation

Negative predictive

Factor analyzed P value
factor
Karnofsky performance <70 0.02
status
Gender Female 0.49
Age >45 years 0.46
Tumor location 0.78
Tumor size >5cm 0.42
Histopathological subtype GBM 0.14
Extend of surgery No surgery 0.95
Biological effective dose <120 Gy 0.44
(BED) cumulative
Whole brain dose <25 Gy 0.42
Use of temozolomide No 0.70

GBM, glioblastoma multiforme.

malign brain tumors, recurrence is very common in these
patients and the optimum management for recurrent brain
tumors has not been identified. Recurrent brain tumors are
aggressive and incurable diseases. Reexisicion may often
be difficult due to the patient’s medical condition and the
potential for further neurological risk. RT with different re-
RT techniques including 3-dimensional conformal radiation
therapy (3D-CRT), IMRT, stereotactic RT, radiosurgery
and brachytherapy is proposed as a therapeutic option in
recurrent gliomas. However, prognosis is usually short
(9,19-22). Most reports of primary GBM treated with
IMRT, IMRT is available to deliver a high dose of radiation
to the tumor with relative preservation of surrounding
tissues to achieve optimal tumor coverage with minimal
toxicity (23). In this study, we presented survival outcomes
of recurrent high grade gliomas patient treated with IMRT
and temozolomide in our center.

The prognosis of patients with malign brain tumors
is poor and median survival of grade III AA patients is
approximately 3 years and for GBM patients is 1 year (24).

Survival following IMRT for recurrent brain tumors have
been explored (9,23,25). Fuller et al. reported the treatment
results of 33 primary and 9 recurrent GBM patients who
were treated with IMRT alone (72%) or as a boost 28%)
after 3D-CRT. Twenty two patients (58%) had received
chemo-radiotherapy. The median total radiation dose for
all patients was 60 Gy with a range from 30.6 to 74 Gy.
Median survival was 8.7 months and no survival difference
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was observed in IMRT boost vs. IMRT-only groups (25).
Voynov et al. reported 10 patients with recurrent malignant
gliomas (1 patient was low grade, 4 patients were AA,
4 patients were GBM and 1 patient was metastatic brain
tumor) that were treated with IMRT. Before recurrence,
all patients had been treated with external beam radiation
therapy (median 59.7 Gy) and all recurrences were
confirmed by a subtotal resection or radiological imaging.
Re-RT was delivered in daily fractions of 5 Gy, to a total
median dose of 30 Gy at the time of recurrence. Median
overall survival time was 10.1 months from the date of
IMRT for recurrent tumors, with 1- and 2-year survival
rates of 50% and 33.3%, respectively (23). In other study,
Mohammed Osman was reported 29 grade III and IV
recurrent high grade gliomas patients treated with 3D-CRT,
30-40 Gy for re-RT and temozolomide. About 20.6% of
patient’s achieved CR or PR with a SD rate of 34.4% (20).

Ertas et al. (24) reported 42 patients with histologically
proven malign glioma (30 GBM, 12 AA) and also treated
with previous conventional fractioned RT underwent
stereotactic RT for re-RT. The median follow up time was
30 months, median survival from re-RT was 8 months for
GBM patients and 11 months for AA patients.

In our study, the median survival from the diagnosis was
41.4 months. After re-RT median survival was 14.1 months
for GBM and 18 months for AA (P=0.1). Our results are
similar with the other reports which were reported survival
advantage for recurrent high grade gliomas with other RT
techniques such as stereotactic RT (24,26).

Temozolomide is an imidazotetrazine agent and effective
in primary high grade gliomas (14). The efficacy and
safety of temozolomide in treatment of recurrent high
grade gliomas has been confirmed in several clinical trials
(4,17,18,27,28), although there is no consensus on an
optimal regimen for recurrent disease. A standard 5-day
temozolomide regimen (150-200 mg/m’ for § of 28 days),
and alternatively continuous daily dosing at 40-50 mg/m?;
100-150 mg/m’ at 7 days on/7 days off; and 75-100 mg/m’
at 21 days on/7 days off regimes can be used in recurrent
high grade gliomas concomitant with RT (29). In this study
we used standard temozolomide regimen.

However, use of temozolomide concurrently RT may be
associated with hematologic or gastrointestinal toxicity (15).
In our study, 5 patients (34%) had myelosupression (grade
1-2) and 3 patients (14%) had emetogenic side effects, grade
3-4 toxicity was not recorded.

In this present study, our survival data indicates that re-
RT with IMRT technique may be useful with no grade 3 or
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4 toxicity in recurrent high grade gliomas treatment.

There are some limitations in our study. First limitation
of our study is that patient number is small but this is a
preliminary study and one center experience in 4 years.
And also, this is a retrospective study, however based on
the results of this one, further study can be scheduled with
more patient numbers. Another limitation of this study was
in assessing focal symptoms and relief rate after treatment.
However, based on our follow-up notes and data, none
of our patients suffered from severe headache, nausea,
vomiting or defect of vision.

Conclusions

re-RT is one of the treatment options for recurrent high
grade gliomas and IMRT can be an effective treatment
modality for recurrent high grade brain tumors with only
mild side effects. Although survival is better in patients with
good performance status and in recurrent anaplastic tumors
after re-RT, further studies with more patient numbers can
help to determine the role of this treatment and analyse
toxicity following re-RT.
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