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Hypofractionated Stereotactic Radiation Therapy in
Recurrent High-Grade Glioma: A New Challenge

Purpose
The aim of this study was to evaluate outcomes of hypofractionated stereotactic radiation
therapy (HSRT) in patients re-treated for recurrent high-grade glioma.
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Materials and Methods
From January 2006 to September 2013, 25 patients were treated. Six patients underwent
radiation therapy alone, while 19 underwent combined treatment with surgery and/or
chemotherapy. Only patients with Karnofsky Performance Status (KPS) > 70 and time from
previous radiotherapy greater than 6 months were re-irradiated. The mean recurrent tumor
volume was 35 cm3 (range, 2.46 to 116.7 cm3), and most of the patients (84%) were treated
with a total dose of 25 Gy in five fractions (range, 20 to 50 Gy in 5-10 fractions).
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Results
The median follow-up was 18 months (range, 4 to 36 months). The progression-free survival
(PFS) at 1 and 2 years was 72% and 34% and the overall survival (OS) 76% and 50%,
respectively. No severe toxicity was recorded. In univariate and multivariate analysis extent
of resection at diagnosis significantly influenced PFS and OS (p < 0.01). Patients with smaller
recurrent tumor volume treated had better local control and survival. Indeed, the 2-year
PFS was 40% (! 50 cm3) versus 11% (p=0.1) and the 2-year OS 56% versus 33% (> 50
cm3), respectively (p=0.26).
Conclusion
In our experience, HSRT could be a safe and feasible therapeutic option for recurrent high
grade glioma even in patients with larger tumors. We believe that a multidisciplinary evaluation is mandatory to assure the best treatment for selected patients. Local treatment
should also be considered as part of an integrated approach.

Introduction
The current standard of care for newly diagnosed glioblastoma is maximal safe resection followed by radiation therapy
(RT) in association with concomitant and adjuvant temozolomide (TMZ) [1]. Tumor recurrence, however, affects about
90% of patients. The median overall survival (OS) is 15-18
months and less than 10% of patients are alive at 5 years [2].
Long-term local or regional control is rarely achieved and the
│ http://www.e-crt.org │
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main site of treatment failure is usually included in the highdose region [3-5]. Several non-randomized clinical trials on
recurrence are available, with heterogeneous patient cohorts,
differing treatment approaches, and different endpoints
recorded. The tumor location and its size, as well as the
patients’ performance status, influence the treatment choice.
Several approaches are proposed and included re-resection
[6,7], chemotherapy [8,9] or re-irradiation [10-13]. Particularly, RT has proven useful in recurrent gliomas but is not
widely adopted due to the assumption that the central nervCopyright ⓒ 2016 by the Korean Cancer Association
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Table 1. Patient characteristics and treatments
Characteristic
Sex
Female
Male
Median age (range, yr)
MGMT promoter methylation status
Methylated
Unmethylated
Unknown
IDH mutation
Present
Absent
Unknown
1p19q codeletion status
Codeleted
Non-codeleted
Unknown
Time to relapse from initial diagnosis (mo)
! 12
12-24
> 24
Treatment at initial diagnosis
Surgery
Complete resection
Subtotal resection
Partial resection
Biopsy
Radiotherapy
CT concomitant and adjuvant (TMZ)

GBM

Grade III

Total

7 (70)
6 (40)
50 (43-75)

3 (30)
9 (60)
42 (23-81)

10
15
-

3 (42.9)
2 (66.7)
8 (53.3)

4 (57.1)
1 (33.3)
7 (46.7)

7
3
15

1 (33.3)
2 (66.7)
10 (52.6)

2 (66.7)
1 (33.3)
9 (47.4)

3
3
19

NA
NA
NA

3(
NA
NA

3
-

7 (70)
3 (50)
3 (33.3)

3 (30)
3 (50)
6 (66.7)

10
6
9

9 (60)
1 (100)
1 (14.3)
2 (100)
13 (52)
13 (52)

6 (40)
0 (0)
6 (85.7)
0(
12 (48)
12 (48)

15
1
7
2
25
25

Values are presented as number (%). GBM, glioblastoma; MGMT, methylguanine-DNA methyltransferase; IDH, isocitrate
dehydrogenase; NA, not acquired; CT, chemotherapy; TMZ, temozolomide.

ous system (CNS) tissues are not able to fully repair earlier
radiation injury. Recent studies on primates and initial limited clinical series have nevertheless shown a substantial
recovery of critical CNS structures [14]. In fact, this evidence,
along with the improvement of neuro-imaging, and the
availability of modern high-precision radiotherapy techniques, allowed the introduction of re-irradiation in the
clinical practice. Stereotactic RT has emerged as a feasible
treatment technique for recurrent brain tumors that have
been exposed to high doses of RT [15]. Compared with
conventional RT, stereotactic techniques, given as single fraction radio-surgery (SRS), fractionated stereotactic RT (FSRT)
or hypofractionated stereotactic RT (HSRT), allow a more
accurate dose delivery with a rapid dose falloff towards critical structures. From a radiobiological standpoint, SRS with
the delivery of single high-dose fractions could be advantageous since it increases the cell killing effect or cell division
capability arrest regardless of the mitotic phase. On the other
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hand, only small tumors can be treated with SRS due to the
high risk of symptomatic radio-necrosis. In some reports the
observed radio-necrosis incidence was as great as 31% when
large tumors were treated [16,17]. FSRT exploits the radiobiological advantage of fractionation while reducing severe
side effects, and allows treatment of larger tumors and/or
tumors in eloquent areas. In particular, HSRT has the advantages of reduced treatment time with consequent reduction
of the patient discomfort, the radiobiological advantage of
fractionation allows treatment of even large tumor volumes
with low risk of acute or sub-acute toxicity, and finally
reduced incidence of symptomatic radio-necrosis [18-21]. No
randomized trials have been performed and no consensus
exists about the optimal total dose and the fractionation
schedule. The aim of this retrospective study was to evaluate
efficacy and toxicity of HSRT in patients re-treated for recurrent high-grade glioma (HGG).
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Table 2. Treatments at recurrence
Variable
Treatment at recurrence
Combined modality
Radiotherapy alone
Radiotherapy
Median volume of recurrent disease
< 35 cm3
" 35 cm3
Dose prescription
25 Gy/5 fractions
50 Gy/10 fractions
Chemotherapy
Temozolomide rechallenge
Bevacizumab
ACNU
Fotemustine
PC scheme
Surgery
Subtotal resection
Complete resection

GBM

Grade III

Total

12 (63.2)
1 (16.7)

7 (36.8)
5 (83.3)

19
6

8 (61.5)
5 (41.7)

5 (38.5)
7 (58.3)

13
12

13 (54.1)
0(

11 (45.9)
1 (100)

24
1

5 (83)
1 (100)
0(
7 (70)
0(

1 (17)
0(
1 (100)
3 (30)
1 (100)

6
1
1
10
1

3 (50)
2 (40)

3 (50)
3 (60)

6
5

Values are presented as number (%). GBM, glioblastoma; ACNU, adjuvant chemotherapy with nimustine; PC, paclitaxel and
carboplatin.

Materials and Methods
1. Patients and procedures
The present retrospective study includes patients with
magnetic resonance imaging (MRI) evidence of recurrent or
progressive HGG, occurring at least 6 months after RT completion (to exclude pseudo-progression). Progression was
defined using the Response Assessment in Neuro-Oncology
(RANO) criteria [22]. At the initial diagnosis, all patients
underwent open-surgery resection to maximally remove the
tumor (> 95%). The extent of resection (EOR) was determined by comparing the MRI before surgery with the MRI
acquired within 48-hour postsurgery. Complete resection
(CR) was defined as residual tumor volume lower than 1.5
cm3, subtotal resection (SR) between 1.5 and 15 cm3 and partial resection (PR) greater than 15 cm3 [23]. Within 4 weeks
of surgery all patients underwent adjuvant RT (60 Gy in 30
fractions) and concomitant and sequential TMZ following
the Stupp scheme [1]. At the time of recurrence, they were
evaluated for salvage treatment (including re-resection of the
tumor when indicated, HSRT, chemotherapy, or combined
approaches) based upon patient clinical conditions, tumor
site and volume, and hematologic rescue. To define the

appropriate therapeutic strategy, a multidisciplinary board
including a medical oncologist, a radiation oncologist and a
neurosurgeon evaluated each patient. For local approaches
(surgery and RT), only patients with Karnofsky Performance
Status (KPS) > 70 and an interval time from previous surgery
or radiotherapy over 6 months were considered appropriate.
From January 2006 to September 2013, among patients
referred at our institution for recurrent HGG, 25 patients
underwent HSRT and were included in the present evaluation. Fifteen (60%) were male and 10 (40%) female, with a
median age of 50 years (range, 23 to 81 years). Thirteen
patients (52%) had a diagnosis of glioblastoma (GBM), and
12 patients (48%) were affected by grade III glioma (anaplastic astrocytoma/anaplastic oligoastrocytoma). Characteristics and treatments of patients are shown in Table 1. To
precisely define the tumor extension, enhanced T1-MRI,
FLAIR-MRI sequences were acquired and integrated with
[11C]MET positron emission tomography–computed tomography (CT) in some patients. The procedure for target definition included enhanced contrast CT scans. Patients were
placed in the supine position with arms close to the body. A
personalized thermoplastic mask was used for better patient
immobilization and repositioning. All scans, extending from
the top of the skull to the third cervical vertebrae, were
acquired with 1-3-mm slice thickness and were transferred
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Fig. 1. Three views of the computed tomography scan showing the recurrence site (A-C) and dose distribution from the
volumetric modulated arc therapy plan (D-F) for one patient.

Free from recurrence patients

Surviving patients

1.00
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0

12

24

36
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Fig. 2. Overall survival in high-grade glioma patients.

to the iPlan-net Brainlab stereotactic treatment planning system (Brainlab Ag, Feldkirchen, Germany) Automatic rigid
co-registration, eventually manually corrected, was performed. The gross tumor volume (GTV) was defined as the
tumor visible on enhanced T1-MRI, the clinical target volume
(CTV) was generated by adding an isotropic margin of 5 mm
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Fig. 3. Progression-free survival in high-grade glioma
patients.

to GTV, and finally the planning target volume was obtained
by expanding CTV of 3 mm. Critical structures delineated
were brainstem, optic nerves and chiasm. The dose prescription was 25 Gy in daily five fractions in almost all patients
(with the exception of one patient that will be detailed in the
results). Plans were processed using the RapidArc volumet-
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Table 3. Overall survival and progression-free survival stratified by histology and parameters
Variable
Diagnosis
GBM
Grade III
Results by EOR at diagnosis
Complete resection
Partial resection
Results by MGMT
Methylated
Un-methylated
Results by recurrent tumor volume
! 50 cm3
> 50 cm3
Results by treatment approach
Combined
RT alone

1-Year OS

2-Year OS

61
89

35
66

73
86

p-value

1-Year PFS

2-Year PFS

p-value

0.29

62
83

35
18

0.32

59
43

< 0.01

73
71

39
0

< 0.01

100
67

83
67

0.05

100
67

83
33

0.08

-

56
33

0.26

-

42
11

0.1

83
73

51
0

0.89

74
67

32
0

0.94

Values are presented as percentage. GBM, glioblastoma; EOR, extent of resection; MGMT, methylguanine-DNA methyltransferase; RT, radiotherapy.

ric modulated arc therapy (RA, Varian Medical System, Palo
Alto, CA) to ensure maximal dose conformity and rapid dose
fall-off towards critical structures as shown in Fig. 1. ExacTrac X-Ray 6D system and 3D cone-beam CT images were
used for daily patient set-up and isocenter positioning.
2. Outcome evaluation and statistical analysis
Clinical outcome was evaluated by clinical neurological
examination and brain MRI 1 month after treatment and then
every 3 months. Response was recorded using the RANO
criteria [22]. Hematologic and non-hematologic toxicities
were graded according to Common Terminology Criteria for
Adverse Events ver. 4.0.
Standard descriptive statistics (mean, standard deviation,
and cross tabulation analysis) were used to describe the
data’s general behavior. Survival and recurrence time observations were plotted using Kaplan-Meier methods, starting
from the date of recurrence. Univariate analysis was
performed with the log-rank test to investigate the prognostic role of individual variables. A backward stepwise (probability to remove at 0.25) multivariate Cox regression model
was used to estimate the independent associations of a variable set with overall/progression free survival. All analyses
were sex and age adjusted.

Results
At diagnosis, all patients underwent surgery, radiotherapy
with concomitant and adjuvant TMZ following the Stupp
scheme. CR was obtained in 15 patients (60%), SR in one
patient (4%), PR in seven patients (28%), and biopsy in two
patients (8%). The median interval time from the initial
diagnosis to the recurrence was 19.27 months (range, 7 to 76
months) and 25 patients were re-irradiated.
Six patients underwent RT alone, while 19 patients underwent combined treatment with surgery and/or chemotherapy as shown in Table 2. The mean recurrence tumor volume
was 35 cm3 (range, 2.46 to 116.7 cm3). Twenty-four patients
(96%) received 25 Gy in five fractions except one patient who
underwent a 50 Gy schedule due to young age and the small
volume of the recurrence (well separated and distant from
other structures at risk). No severe hematologic or neurologic
toxicity was recorded during treatment and neurological
examination scores remained stable. During follow-up
increased antiepileptic drugs (AEDs) and corticosteroids
were needed due to disease progression. At the last observation time, eight patients (32%) were alive and 17 (68%) were
dead.
One-year OS was 76% and 2-year 50%, while 1-year
progression-free survival (PFS) for the entire cohort of
patients was 72% and at 2 years, 34% (Figs. 2 and 3). The
median PFS from recurrence was 16 months (range, 1 to 36
months) and OS was 18 months (range, 4 to 36 months).
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Table 4. Progression free survival: univariate and backward stepwise Cox multivariate regression
Variable
Histology
Treatment
EOR at diagnosis
MGMT
Volume

Univariate analysis

Multivariate analysis

Chi-square

p-value

HR (95% CI)

p-value

0.97
0.01
25.21
3.78
2.03

0.32
0.94
< 0.001
0.05
0.15

1.39 (0.39-4.98)
0.88 (0.18-4.19)
1.19 (0.72-1.97)
0.98 (0.95-1.01)

0.61
0.87
0.50
0.23

MGMT was not included in the multivariate analysis because of the limited number of available observations. HR, hazard
ratio; CI, confidence interval; EOR, extension of resection; MGMT, methylguanine-DNA methyltransferase.

Table 5. Overall survival: univariate and backward stepwise Cox multivariate regression
Variable
Histology
Treatment
EOR at diagnosis
MGMT
Volume

Univariate analysis

Multivariate analysis

Chi-square

p-value

HR (95% CI)

p-value

1.10
0.02
24.65
3.01
1.28

0.29
0.89
< 0.001
0.08
0.26

1.47 (0.42-5.11)
0.94 (0.20-4.49)
1.12 (0.68-1.83)
0.99 (0.96-1.01)

0.54
0.94
0.66
0.32

MGMT was not included in the multivariate analysis because of the limited number of available observations. HR, hazard
ratio; CI, confidence interval; EOR, extension of resection; MGMT, methylguanine-DNA methyltransferase.

The results stratified by histology are summarized in Table 3.
On univariate and multivariate analysis neither gender, age,
recursive partitioning analysis class, nor time of relapse were
predictive of survival. In our series, the only factor influencing survival (in univariate analysis) was the EOR at initial
diagnosis. The methylguanine-DNA methyltransferase promoter status showed a tendency to significance (0.01 < p
< 0.05) as shown in Tables 4 and 5.
Given the different prognosis of GBM patients compared
to grade III gliomas, survival was also analyzed by histology.
When GBM and grade III were studied separately, the only
factors significantly impacting survival were, again, the use
of combined treatment at recurrence compared to single
modality of treatment (p < 0.04) and the EOR at initial diagnosis (p < 0.04).
Concerning toxicity, an increase of administration of
steroids or AEDs was never required. No symptomatic
radio-necrosis were observed. No other relevant symptoms
of toxicity were observed.
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Discussion
Available treatments for recurrent HGG include systemic
therapy with CT, local treatment such as re-irradiation and
maximal safe resection, and of course, best supportive care.
For recurrent tumors, the best treatment option is broadly
debated, and the role of local treatment is an open question.
The utility of RT in HGG glioma recurrence has recently been
revisited, evaluating the effect of different modalities of dose
delivery such as SRS, FSRT, or HSRT. Most authors recommend an interval of at least 6 months between the first and
the second irradiation [15,18,19] to allow repair of radiation
damage [14]. The effects of re-irradiation alone are interesting and comparable to those of other single treatment modalities, with a median survival of 9 months and acceptable
toxicity rates [15,24,25]. Recent studies show a satisfactory
benefit with minimum toxicity of HSRT. The largest trial to
date was performed by Fokas et al. [18] on 53 GBM patients
who were re-irradiated using HSRT. Re-irradiation was well
tolerated (no acute or late toxicity > grade 2). Despite the
relatively large median tumor volumes (35.01 mL), the
median survival was nine months, and the 1-year PFS was
22%. Ernst-Stecken et al. [19] evaluated efficacy, side effects
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and quality of life in patients who underwent HSRT with
fractionation regiments of 7 Gy in five fractions. In this study
the median tumor volume was 22.4 cm3 (range, 0.77 to 21.94
cm3), no severe toxicity was recorded, the PFS rate at one
year was 53%, and in two thirds of patients, quality of life
measured by the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire scores
remained stable for a median time of nine months. Henke et
al. [20] reported results of re-irradiation of two grade III and
29 grade IV tumors with hypo-fractionated radiotherapy up
to 20 Gy (4 or 5 Gy per fraction). The median overall survival
after re-irradiation was 10.2 months, and the median overall
survival time after primary diagnosis was 30.9 months. No
severe toxicity was observed.
In our series all patients underwent HSRT, in most cases
combined with surgery and/or chemotherapy. Only six
patients who were considered unfit for CT or refused CT
received RT alone. The median time between the first and
the second radiation treatment was 23 months (range, 9 to 93
months). The use of an hypo-fractionated scheme instead of
a standard fractionation or radio-surgery was preferred for
the following reasons (1) to reduce the treatment time with
subsequent reduction of the patient discomfort; (2) to achieve
the radiobiological advantage of fractionation; (3) to treat
even large tumor volumes with low risk of acute or sub-acute
toxicity; and (4) to reduce the incidence of symptomatic
radio-necrosis. It is of note that in our series the median
tumor volume was 35 cm3 (range, 2.46 to 116.7 cm3) and no
relevant toxicity profiles were observed. Conversely, in cases
treated with SRS, there is an increased risk of radio-necrosis
and re-operation, up to 31% [17,20]. Hall et al. [16], using an
SRS based approach in relapsing HGG, documented high
toxicity related to this approach. Thirty-five patients with
large (median treatment volume, 28 cm3) recurrent tumors
(74% GBM, 26% anaplastic astrocytoma) were treated. Seven
patients required surgical resection for increasing mass,
indicative of radiation necrosis after radio-surgery (mean, 4.0
months). Thus an actuarial re-operation rate of 31% was seen
in this series. However, at present, a clear volume cutoff cannot be deduced from the literature. Thus, based on the
reported toxicity, patient selection has to be performed very
cautiously. No clear consensus is available on the optimal
total dose to deliver or kind of fractionation to use. The available published data on normal brain radio-necrosis suggest
defining the cumulative normalized total doses (cNTD) to
evaluate the risk of healthy brain structures damage.
In our series, all patients received 25 Gy in five fractions
except one patient who underwent 50 Gy in 10 fractions. We
choose to utilize this schedule in most patients based upon
the cNTD (103.75), the large recurrent volume treated
(median volume, 35 cm3), and in some cases the close proximity of critical structures. We noted no experience of symp-

tomatic radio-necrosis.
The main limitations of the present study are the retrospective nature, the heterogeneity of clinical characteristics,
including both GBM and grade III gliomas, treatment variations, and the lack in some cases of bio-molecular features.
Nevertheless, we feel that some interesting suggestions can
be drawn. As expected, histology affected survival, with
GBM patients having a worse outcome compared to grade
III glioma. Unfortunately, 1p19 q codeletion, IDH1 mutation,
age, and KPS did not affect survival. This is probably due to
the small sample and low statistical power. With small and
heterogeneous series, however, usually no statistically
significant conclusion can be drawn. Despite that, patients
who received greater advantage from re-irradiation were
those who underwent CR at initial diagnosis. Particularly,
no patients who underwent SR, PR, or biopsy at diagnosis
were alive at 2 years after re-irradiation, nor were patients
who underwent re-irradiation alone. The advantage of a
combined treatment approach has already emerged but no
prospective comparative study has been published yet.

Conclusion
This study suggests that HSRT could be a safe and feasible
therapeutic option for recurrent HGG even in patients with
larger tumors. A multidisciplinary evaluation should be
mandatory to assure the best treatment for selected patients
and local treatment should be considered as part of an integrated approach. The time is ripe to organize prospective cooperative studies.
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