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Radiation therapy, one of the strongest anti-cancer treatments, is already performed to
treat primary glioblastoma; however, the effect of repeated radiation therapy for recurrent tumors has not
been fully explored. The aim of this study was to determine the efficacy of re-irradiation in treating recur-
rent glioblastoma.

IETEEE  The study included 36 patients with recurrent glioblastoma treated with repeated ra-
diation therapy between 2002 and 2016. Stereotactic radiosurgery (SRS) and hypo-fractionated ste-
reotactic radiotherapy (HSRT) were performed in these patients.

TS Fourteen patients received SRS with a median dose of 25 Gy (range, 20—32 Gy) in
1-5 fractions. Twenty-two patients received HSRT with a median dose of 40 Gy (range, 31.5-52 Gy) in
6—20 fractions. There were six treatment-related grade 3 adverse events. Survival analysis showed that
re-irradiation significantly prolonged overall survival (OS) and progression-free survival (PFS). The median
OS and one-year OS rate after re-irradiation were 17.2 months and 60.4%, respectively. The median
PFS and 6-month PFS rate after re-irradiation were 4.4 months and 41.9%, respectively. Of the 36 pa-
tients, three survived without any progression in their condition.

oL Re-irradiation for recurrent glioblastoma showed favorable outcomes. Radiation dose
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INTRODUCTION

The standard treatment for newly diagnosed glioblastoma
is maximum surgical resection followed by concurrent chemo-
radiotherapy (CCRT). Despite receiving standard treatment,
most glioblastoma patients experience a recurrence within
1 year [1,2]. Several therapeutic options for recurrent glio-
blastoma have been investigated; however, there is no stan-
dard therapy that might significantly improve survival [3,4].

The therapeutic effect of re-irradiation for recurrent glio-
blastoma patients has been controversial [5]. Healthy brain
tissue is vulnerable to damage to additional irradiation be-
cause of the initial radiation therapy. Recent advances in ra-
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and fractionation should be carefully considered to minimize radiation necrosis.
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diation techniques have made highly precise re-irradiation
possible [6]. Stereotactic radiosurgery (SRS) and hypo-frac-
tionated stereotactic radiotherapy (HSRT) can deliver high-
dose radiation to tumors, while saving adjacent normal tissue.
SRS and HSRT have been performed as salvage treatments
and showed a favorable clinical outcome in patients with re-
current glioma [2,7,8].

The aim of this study was to determine the efficacy of re-ir-
radiation in the treatment of recurrent glioblastoma.

MATERIALS AND METHODS

Objectives

The study included 36 patients with recurrent glioblastoma
treated with re-irradiation therapy between January 2002
and December 2016. Postoperative positron emission tomog-
raphy, MRI, and Karnofsky Performance Score (KPS) were
considered important for deciding re-irradiation. SRS and
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HSRT were performed as re-irradiation therapies. Medical
records that included demographic data and pathological,
and radiological reports were reviewed retrospectively. All
patients had pathologically confirmed glioblastoma. They
progressed after standard CCRT with a median dose of 60
Gy (range, 54-66 Gy). Of the 36 patients, 31 (86.1%) received
re-irradiation upon first recurrence with or without com-
bined therapy. Re-irradiation was administered upon second
recurrence in four patients and upon third recurrence in one
patient. This retrospective study was approved by the Institu-
tional Review Board of Bundang CHA Medical Center (2017-
05-006-002).

SRS and HSRT

SRS and HSRT were performed using Novalis (Varian Med-
ical Systems, Inc., Palo Alto, CA, USA). T1 and T2 fluid-atten-
uated inversion recovery MRI were fused with simulation CT

images with 1.5-mm slice thickness. Gross tumor volume (GTV)
was defined as the contrast-enhancing tumor volume on T1-

weighted MRI. The planning target volume (PTV) was the
GTYV plus a 3-mm isotropic margin. Peritumoral edema and
critical structures were not included in the PTV. When the
GTV diameter was greater than 3 cm, the PT'V was not applied

(Fig. 1).

Treatment outcomes and toxicity

Survival outcome and recurrence were estimated from the
diagnosis and time of re-irradiation. Progression after re-ir-
radiation was determined based on neuroimaging findings
and symptoms. Postoperative tumor status was defined as
gross total resection (GTR) if the postoperative MRI revealed
no evidence of residual lesion. The extent of resection was de-
fined as subtotal resection (STR) (<99%), near-total resection
(NTR) (=99%, <100%) based on postoperative MRI. Treat-
ment-related toxicity was evaluated using the Common Ter-
minology Criteria for Adverse Events version 4.03 (CTCAE
v4.03) [9].

Fig. 1. Treatment case of re-irradiation therapy. Recurrent tumors were diagnosed in a 56-year-old woman 15 months after the initial opera-
tion. The patient underwent an operation and re-irradiation of 24-Gy in four fractions. A: Magnetic resonance imaging (MRI) at initial diagno-
sis. Left: T1 enhanced MRI, Right: T2 fluid-attenuated inversion recovery MRI. B: MRI after the first operation. C: MRI at recurrence. D: MRI
after the second operation. E: Re-irradiation treatment plan. Red: planning target volume; orange: 95% iso-dose line; yellow: 90% iso-dose
line; light green: 80% iso-dose line; sky blue: 40% iso-dose line. F: MRI 7 months after re-irradiation.
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Statistical analysis

Opverall survival (OS) and progression-free survival (PES)
were estimated using the Kaplan-Meier method. Multivariate
logistic regression analysis was used to assess the correlation
between variables and survival. A p-value of <0.05 was con-
sidered statistically significant. All statistical analyses were
performed using SPSS (version 22, IBM Corp., Armonk, NY,
USA).

RESULTS

Patients, initial tumor, and treatment
Patient characteristics are summarized in Table 1. The me-

Table 1. Patient characteristics

Variables Values

Age (yr)

Median (range) 50 (19-74)
Sex

Male 24 (66.7)

Female 12 (33.3)
Karnofsky performance status

<70 18 (50)

=70 18 (50)
Initial tumor size (cm)

Median (range) 7.5(3.0-12.7)
Initial operation extent

GTR 16 (48.5)

NTR 4(12.1)

STR 13 (39.4)

Biopsy only 3(8.3)
MGMT methylation

(+) 7(19.4)

©) 13 (36.1)

NA 16 (44.4)
IDH-1

(+) 0(0)

©) 22 (61.1)

NA 14 (38.9)
1p19q co-deletion

+) 0(0)

©) 7(19.4)

NA 29 (80.6)
Ki-67 (%)

Median (range) 25 (2.7-60.0)

<30% 13 (36.1)

>30% 10 (27.8)

NA 13 (36.1)

Data are presented as number (%) unless otherwise noticed. GTR,
gross total resection; NTR, near-total resection; STR, subtotal resec-
tion; MGMT, O°-methylguanine-DNA methyltransferase; IDH, iso-
citrate dehydrogenase; NA, not assessable
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Table 2. Recurrence and treatment

Variables Values

Follow-up duration (month)

Median (range) 19.9 (7-177)
Interval, initial CCRT-first recurrence (month)

Median (range) 7.1(1-92.7)
First recurrent tumor size (cm)

Median (range) 5.5(1.4-13.8)
First recurrence site

In-field 25 (69.4)

Out-field 4(11.1)

In- and out-field 7(19.4)
Treatment at first recurrence

Operation 4(11.1)

Radiotherapy 9(25)

Operation+radiotherapy 2(5.6)

Radiotherapy+chemotherapy 12(33.3)

Operation+chemotherapy 1(2.8)

Operation+radiotherapy+chemotherapy 8(22.2)
Surgical resection

Yes 17 (47.2)

No 19 (52.8)
Surgical resection extent

GTR 4(23.5)

NTR 7(41.2)

STR 6(35.3)
MGMT methylation at surgical resection

(+) 0(0)

) 1(5.9)

NA 16 (94.1)
IDH-1 at surgical resection

(+) 0(0)

) 12 (70.6)

NA 5(29.4)
Ki-67 at surgical resection (%)

Median (range) 20 (10-60)
Second recurrence

Yes 22 (61.1)

No 9 (25)

NA 5(13.9)
Treatment at second recurrence

Yes 19 (86.4)

No 3(13.6)
Surgical resection at second recurrence

Yes 6(27.3)

No 16 (72.7)
Re-irradiation at second recurrence

Yes 14 (63.6)

No 8 (36.4)
Last follow-up status

No evidence of disease 3(8.3)

Alive with disease 19 (52.8)

Death from disease 14 (38.9)

Data are presented as number (%) unless otherwise noticed. CCRT,
concurrent chemoradiotherapy; GTR, gross total resection; NTR,
near-total resection; STR, subtotal resection; MGMT, O°-methylgua-
nine-DNA methyltransferase; IDH, isocitrate dehydrogenase; NA,
not assessable
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dian age was 50 years (range, 19-74 years). Twenty-four pa-
tients (66.7%) were men. Half of the patients had a KPS of >70.
Only three patients underwent biopsy; 20 (60.6%) underwent
GTR or NTR. The median initial tumor size was 7.5 cm (range,
3.0-12.7 cm). All patients had previously received concurrent
temozolomide and radiotherapy. The genomic data were lim-
ited. O°-methylguanine-DNA methyltransferase (MGMT)
methylation was positive in 19.4% of patients. There were no
patients with isocitrate dehydrogenase-1 (IDH-1) mutations
or 1p19q co-deletions. The median Ki-67 was 25% (range,
2.7-60.0%). Ten patients (27.8%) had Ki-67 =30%.

Recurrence and treatment strategies
The median follow-up duration from initial diagnosis and re-

Table 3. Re-irradiation scheme

Variables Values

Re-irradiation method, n (%)

SRS 4(11.1)

FSRS 10 (27.8)

HSRT 22 (61.1)
Re-irradiation total dose (Gy)

Median (range) 32 (18-45)

EQD2 Median (range) 46.7 (31.3-68.0)
Re-irradiation fractional dose (Gy)

Median (range) 6(2.2-24.0)
Re-irradiation PTV (cm?)

Median (range) 27(0.4-192.8)

SRS, stereotactic radiosurgery; FSRS, fractionated stereotactic radio-
surgery; HSRT; hypo-fractionated stereotactic radiotherapy; EQD2,
equivalent dose in 2 Gy fractions; PT'V, planning target volume

irradiation was 19.9 months (range, 7-177 months) (Table 2).
The median recurrence time after CCRT was 7.1 months
(range, 1-92.7 months). The locations of the first recurrences
were as follows: in-field (25 patients; 69.4%), out-field (four
patients; 11.1%), and in- and out-field (seven patients; 19.4%).
The median size of the recurrent tumor was 5.5 cm (range,
1.4-13.8 cm). Surgical resection was performed in 15 patients
upon first recurrence. A total of 17 patients (47.2%) under-
went surgery; of these 17 patients, 11 (64.7%) underwent GTR
or NTR. Genomic data from the salvage operation were also
limited. No patient presented with MGMT methylation or
IDH-1 mutations. The median Ki-67 was 20% (range, 10—
60%). Re-irradiation was delivered as SRS/FSRS in 14 patients
(38.9%) and HSRT in 22 patients (61.1%) (Table 3). The me-
dian total dose of re-irradiation was 32 Gy (range, 18-45 Gy),
and the equivalent dose in 2 Gy fractions (EQD2) was 46.7 Gy
(range, 31.3-68.0 Gy). The median fractional dose of SRS/
ESRS was 8 Gy (range, 5-24 Gy) and that of HSRT was 4 Gy
(range, 2.5 5.5 Gy). The median PTV was 27 cm® (range, 0.4
192.8 cm’®).

Treatment outcomes and prognostic factors

After re-irradiation, three patients achieved complete re-
mission, while 19 developed progressive disease. Of the 31
patients with available follow-up recurrence data, 22 experi-
enced a second recurrence. Nineteen patients received addi-
tional treatment; 14 received re-irradiation after the second
recurrence. At the final follow-up, 14 patients had subsequent-
ly died, while three showed no evidence of disease.

The median OS and one-year OS rate after initial diagnosis
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Fig. 2. Kaplan-Meier survival analysis. A: Overall survival. B: Progression-free survival.
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were 38 months and 91.3%, respectively, and the median sur-
vival and one-year OS rates after re-irradiation were 17.2 months
and 60.4%, respectively. The median progression time and
6-month PFS rates after re-irradiation were 4.4 months and
41.9%, respectively (Fig. 2).

In the univariate analysis, recurrence location (in-field only)
and surgical resection were prognostic factors for superior OS

Table 4. Univariate analysis for survival
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(p=0.013 and 0.010, respectively) (Table 4). Analysis of salvage
chemotherapy, re-irradiation methods, re-irradiation dose,
and interval between CCRT and first recurrence showed that
the recurrent tumor size bore no relation to survival rate. Sal-
vage radiotherapy at first recurrence seemed to yield superior
OS (p=0.063) rates. In the multivariate analysis, surgical re-
section was a significant prognostic factor for superior OS (p=

Risk factor 1-year PES (%) p value 1-year OS (%) p value

Initial MGMT methylation 0.950 0.088
(+) 429 85.7
) 46.0 32.6

Initial Ki-67 0.630 0.388
<30% 58.9 76.2
>30% 15.0 57.9

Recurrence Ki-67 0.748 0.349
<30% 35.0 100.0
>30% 28.6 71.4

Interval between initial CCRT-first recurrence 0.713 0.927
=7 mo 36.9 63.0
<7 mo 23.1 71.9

Karnofsky performance status 0.425 0.281
>70 36.7 75.0
<70 24.3 57.9

Recurrent tumor size 0.903 0.899
<5cm 33.0 62.5
>5cm 32.0 69.7

Recurrence location 0.188 0.013*
In-field 34.6 719
Out-field/In- and out-field 30.0 46.7

Surgical resection 0.718 0.01*
Yes 343 86.7
No 343 30.6

Surgical resection extent 0.118 0.071
GTR or NTR 40.0 90.0
STR 25.0 80.0

Re-irradiation at first recurrence 0.327 0.063
Yes 27.2 57.7
No 60.0 100.0

Re-irradiation methods 0.846 0.474
SRS/FSRS 28.9 59.7
HSRT 343 71.7

Re-irradiation total dose 0.302 0.787
250 Gy 29.2 68.6
<50 Gy 32.6 65.8

Chemotherapy 0.874 0.916
Yes 26.5 60.1
No 43.2 74.0

*p<0.05. PES, progression-free survival; OS, overall survival; MGMT, O°-methylguanine-DNA methyltransferase; CCRT, concurrent chemo-
radiotherapy; GTR, gross total resection; NTR, near-total resection; STR, subtotal resection; SRS, stereotactic radiosurgery; FSRS, fractionated
stereotactic radiosurgery; HSRT, hypo-fractionated stereotactic radiotherapy
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Fig. 3. Overall survival rates following surgical resection.

0.015) rates (Fig. 3). We could not find a significant prognos-
tic factor for PFS.

Treatment-related toxicity

Acute toxicity occurred in 22 patients (61.1%); most of these
were grade 1 (18.2%) and 2 (63.6%). There were six treatment-
related grade 3 adverse events. Radiation necrosis with edema
occurred in four patients in the acute period and in two in the
late period. Patients with grade 1 and 2 toxicity were given
conservative medical treatment including steroids. Three pa-
tients in the acute phase and one patient in the late phase with
grade 3 hydrocephalus underwent ventriculoperitoneal shunt
procedures.

DISCUSSION

We investigated the effects of re-irradiation using SRS/HSRT
for recurrent glioblastoma; both methods had favorable out-
comes, with a median PFS of 4.4 months and OS of 17.2
months after re-irradiation. Re-irradiation for recurrent glio-
blastoma showed good survival outcomes. There was no grade
4 or 5 toxicity. The median PFS and OS after the first recur-
rence were 16.5 and 19.5 months, respectively.

Our results are in accordance with those of previous stud-
ies [7,8,10-17]. The OS ranged between 8 and 12.4 months. In
addition, tumor volume is a poor prognostic factor. Although
tumor volumes in the present study were larger (27 cm®) than
those recorded in previous studies, we reported a median OS
of 17.2 months.

In this study, patients treated with re-irradiation and surgi-
cal resection showed superior OS. Surgical resection of recur-
rent glioblastoma has a favorable outcome [18,19]. In addi-
tion, surgical resection may allow re-irradiation with reduced
cumulative normal brain doses. Even though radiotherapy
techniques have advanced, re-irradiation still confers a risk
of radiation injury. Surgical resection before re-irradiation
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could decrease tumor volumes, resulting in decreased re-ir-
radiation target volumes. Decreased target volumes could re-
duce radiation doses to adjacent normal brain tissue. Mar-
tinez-Carrillo et al. [20] reported that 59% of patients could
receive SRS due to a reduction in tumor volume through sur-
gical resection.

In most cases, progression of glioblastoma occurred in field
of the initial radiotherapy. Because of previous high doses of
radiation, physicians worry about the cumulative effect of ra-
diation and damage to healthy brain tissue damage. There is
no standardized re-irradiation scheme and re-irradiation
doses vary across the literature. We could not find any signif-
icant prognostic factors in the re-irradiation scheme or doses.
There was no dose-response (above or below EQD2 50 Gy).
The method of re-irradiation (SRS/FSRS or HSRT') and tu-
mor volume did not show any differences in survival rates.

At the last follow-up, three of the 36 patients had survived
with no progression in their condition. All three patients had
in-field recurrence only and a KPS of >70. The recurrence time
after CCRT was over one year in two patients, both of whom
had undergone surgical resection. The recurrent tumors were
less than 5 cm in size. None of the patients presented with fa-
vorable molecular features. One patient who received car-
mustine chemotherapy after re-irradiation was confirmed to
have radiologic progression on follow-up MRI.

Four patients in the acute period and two in the late period
had grade 3 treatment-related toxicity. Patients with grade 3
headaches (one patient in the acute period and one patient in
the late period) were admitted and received conservative care.
Four patients (three patients in the acute period and one pa-
tient in the late period) underwent ventriculoperitoneal shunt
procedures for hydrocephalus. There was no grade 4 or 5 tox-
icity. Re-irradiation using SRS and HSRT resulted in less treat-
ment-related toxicity than brachytherapy. Brachytherapy is
an invasive procedure that confers a risk of infection and hem-
orrhage. A study of salvage brachytherapy for recurrent glio-
ma reported 6% grade 3, 1% grade 4, and 1% grade 5 toxicity
[21].

This study has some limitations. Because of its retrospective
design, we had a small heterogeneous population and hetero-
geneous re-irradiation scheme. Re-irradiation with combined
treatment was performed non-uniformly. We could not in-
vestigate the effect of combined treatments, such as chemo-
therapy or hyperthermia. Additionally, it was difficult to de-
termine whether the toxicity was related to re-irradiation,
other combined treatments, and/or disease progression;
therefore, treatment-related toxicity might have been under-
reported.

In conclusion, re-irradiation for recurrent glioblastoma
showed favorable outcomes. Surgical resection should be giv-



en careful consideration due to the decreased re-irradiation
target volumes.
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