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Objective : This study aims to determine whether gamma knife radiosurgery (GKR) improves survival in patients with recurrent high-
grade gliomas.

Methods : Twenty nine patients with recurrent high-grade glioma underwent 38 GKR. The male-to-female ratio was 10 : 19, and
the median age was 53.8 years (range, 20—75). GKR was performed in 11 cases of recurrent anaplastic oligodendrogliomas, five
anaplastic astrocytomas, and 22 glioblastomas. The median prescription dose was 16 Gy (range, 10-24), and the median target
volume was 7.0 mL (range, 1.1-15.7). Of the 29 patients, 13 (44.8%) received concurrent chemotherapy. We retrospectively analyzed
the progression-free survival (PFS) and overall survival (OS) after GKR depending on the Eastern Cooperative Oncology Group (ECOG)
performance status (PS), pathology, concurrent chemotherapy, radiation dose, and target tumor volume.

Results : Starting from when the patients underwent GKR, the median PFS and OS were 5.0 months (range, 1.1-28.1) and 13.0
months (range, 1.1-75.1), respectively. On univariate analysis, the median PFS was significantly long in patients with anaplastic
oligodendroglioma, ECOG PS 1, and target tumor volume less than 10 mL (p<0.05). Meanwhile, on multivariate analysis, patients
with ECOG PS 1 and target tumor volume less than 10 mL showed improved PFS (p=0.043 and p=0.007, respectively). The median
0S was significantly increased in patients with ECOG PS 1 and tumor volume less than 10 mL on univariate and multivariate analyses
(p<0.05).

Conclusion : GKR could be an additional treatment option in recurrent high-grade glioma, particularly in patients with good PS
and limited tumor volume.

Key Words : Recurrence - Glioma - Gamma knife radiosurgery - Tumor volume.

INTRODUCTION apy. Many patients are treated with systemic chemotherapy as
an initial and salvage management approach in the form of

Current treatment modalities for high-grade gliomas include bevacizumab, temozolomide, irinotecan, and nitrosoureas™*"”.
surgery, adjuvant radiotherapy, and maintenance chemother- Despite recent advances in radiation, chemotherapy, and surgi-
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cal care of patients with high-grade gliomas, treatment of these
neoplasms remains challenging for neurosurgeons and oncol-
ogists”. Recurrence of high-grade glioma is common owing to
limited treatment options. Currently, salvage treatment options
for recurrent high-grade glioma include re-resection, re-irradi-
ation including stereotactic radiosurgery or fractionated ra-
diotherapy, single/poly-chemotherapy, and targeted drug de-
livery'”. Despite the higher risk of distant brain lesions or
subependymal spread, almost all patients develop tumor re-
currence within or adjacent to the primary tumor bed"”. Ra-
diation therapy is among the primary treatment modalities for
high-grade glioma. Meanwhile, re-irradiation for local recur-
rence is rarely considered because of the possibility of radia-
tion-induced injury™.

Even though gliomas are infiltrative with ill-defined mar-
gins, stereotactic radiosurgery has been reported to be an ef-
fective treatment modality"*”"*"”. It can deliver high-dose ra-
diation on the recurred tumor bed while sparing adjacent normal
brain tissues. Stereotactic surgery has been reported to improve
survival in young patients with less tumor volume and low his-

8,10 .
' Meanwhile,

tologic grade and oligodendroglial pathology
gamma knife radiosurgery (GKR) may improve survival in pa-
tients with small treatment volume. In this study, we retrospec-
tively investigated the clinical outcome of recurrent high-grade

gliomas after GKR.

MATERIALS AND METHODS

Clinical characteristics of patients with recurrent
high-grade glioma

From April 2004 to December 2016, 29 patients with recur-
rent high-grade glioma underwent 38 cases of GKR. GKR was
done with type C with/without an automatic positioning sys-
tem. The male-to-female ratio was 10 : 19, and the median age
was 53.8 years (range, 20—75). GKR was performed for 11 cases
of pathologically diagnosed anaplastic oligodendrogliomas,
five anaplastic astrocytomas, and 22 glioblastomas. The tu-
mors were graded following the World Health Organization
classification'. The tumor recurrence was diagnosed with con-
trast-enhanced brain magnetic resonance (MR) images includ-
ing diffusion, MR spectroscopy and perfusion images'. C-me-
thionine (MET) positron emission tomography (PET) images

were checked to differentiate the recurred lesion from radiation
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necrosis, and delineate the target volume for GKR. Before
GKR, 29 patients underwent treatments as follows : radiother-
apy of 59.4 Gy plus concomitant and adjuvant temozolomide
(n=12), radiotherapy of 40-59.4 Gy (n=17), temozolomide che-
motherapy (n=6), procarbazine, lomustine, and vincristine
(PCV) chemotherapy (n=4), nimustine and cisplatin (n=2),
carmustine and cisplatin (n=1), and bevacizumab and irinote-
can (n=1). The Eastern Cooperative Oncology Group (ECOG)
performance status (PS) scales (grades 0—5) were used to assess
disease progression and how the disease and treatments af-
fected activities of daily living to determine patient prognosis
and appropriate treatment'”. An ECOG PS grade of 0 indi-
cates that the patient is fully active and able to perform all pre-
disease activities without restriction. A patient with an ECOG
grade 1 PS is restricted in physically strenuous activity but is
ambulatory and able to perform light or sedentary work, for
example, light housework or office work). Grade 2 indicates
that a patient is ambulatory and capable of all self-care but is

unable to perform any work activities for more than 50% of

Table 1. Characteristics of 29 patients with 38 GKR cases of recurrent
high-grade gliomas

Patient characteristic Value
Patients

Male/female 10/19

Median age (years) 53.8 (range, 20-75)
Pathology

Anaplastic astrocytomas 5

Anaplastic oligodendrogliomas 11

Glioblastomas 22
ECOGPS

1 26

2 10

3 2
Characteristics of GKR

Median radiation dose (Gy) 16 (range, 10-24)

Median target volume (mL) 7.0 (range, 1.1-15.7)

Chemotherapy combined

Temozolomide 9
PCV 3
ICE 1

GKR : gamma knife radiosurgery, ECOG : the Eastern Cooperative Oncology
Group, PS : performance status, PCV : procarbazine, CCNU, and vincristine,
ICE : ifosfamide, carboplatin and etoposide
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waking hours. Grade 3 indicates that a patient is capable of
only limited self-care and is confined to a bed or a chair for
more than 50% of waking hours. When GKR was performed,
26 cases had an ECOG PS grade of 1, 10 had PS grade 2, and
two had PS grade 3. The clinical characteristics are summa-
rized in Table 1.

Gamma knife radiosurgery for recurrent high-
grade gliomas

GKR was performed using Leksell Gamma Plan” (Elekta In-
strument AB, Stockholm, Sweden) radiosurgery planning
software. The median prescription dose was 16 Gy (range,
10-24), and the median target volume was 7.0 mL (range, 1.1-
15.7). After GKR, the median follow-up duration was 11.5
months (range, 1.1-75.1). GKR was targeted on relatively well-
circumscribed recurred lesions on brain MR images and/or
MET-PET images. Most target lesions were MR-enhanced,
and MET-PET images was used to delineate the target lesion
with/without contrast enhancement. A total of 13 of the 29
(44.8%) patients received concurrent chemotherapy consisting

of temozolomide (n=9); PCV (n=3); and ifostamide, carbopla-

Table 2. Univariate analysis related with PFS and OS

tin, and etoposide (ICE) (n=1).

After GKR with/without chemotherapy, the patterns of re-
currence were categorized into local, distant, and cerebrospinal
fluid (CSF) dissemination. Local recurrence was defined as re-
currence at the primary tumor site, while distant recurrence was
defined as a spatially separated recurrence within the brain.
CSF dissemination was defined as recurrence at the ventricles,
subarachnoid space, and spine as observed from imaging
studies. The recurrence occurred in 29 cases out of 38. Local
recurrence was noted in 14 patients. Of them, 10 underwent
further treatment as follows : operation (n=3), temozolomide
chemotherapy (n=4), PCV chemotherapy (n=2), and bevaci-
zumab and irinotecan (n=1). Distant recurrence developed in
12 patients, including two combined with local recurrence. Of
the 12 patients, 10 underwent further treatment : GKR (n=6),
temozolomide (n=1), PCV (n=1), and nimustine and cisplatin
(n=2). Meanwhile, CSF dissemination was noted in three pa-
tients. Of them, two were subjected to additional treatment:
radiotherapy and ICE chemotherapy (n=1) and nexavar che-
motherapy (n=1).

Variable Median PFS (range, months) p-value Median OS (months) p-value

Pathology
Anaplastic oligodendrogliomas 6.9 (4.4-184) 0.001 18.2 (7.7-75.1) 0.107
Anaplastic astrocytomas 3.6 (2.5-5.2) 0.180 10.8 (8.4-16.8) 0.257
Glioblastomas 4.5(1.1-28.1) 134 (1.1-55.3)

ECOG PS
1 6.5 (2.6-28.1) 0.024 16.8 (4.2-75.1) 0.000
2 4.2 (1.1-10.1) 0.692 7.7 (3.7-19.4) 0.042
3 1.1 (1.1-4.5) 1.1 (1.1-4.5)

GKS dose
>18 Gy 49(1.1-25.9) 0928 14.1 (1.1-75.0) 0.801
<18 Gy 5.2 (1.1-281) 11.3(3.7-55.3)

Tumor volume
<10 mL 5.8 (1.6-28.1) 0.008 14.7 (3.7-75.1) 0.002
>10 mL 34(1.1-77) 84 (11-13.0)

Chemotherapy combined
No chemotherapy 5.2 (1.1-25.9) 0.740 11.6 (1.1-75.1) 0.945
Chemotherapy 4.5(1.6-28.1) 14.7 (3.7-28.1)

PFS : progression-free survival, OS : overall survival, ECOG : the Eastern Cooperative Oncology Group, PS : performance status, GKS : gamma knife

radiosurgery
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Statistical analysis

The median range of survival was defined as survival up to
the last follow-up. Variables affecting progression-free survival
(PFS) and overall survival (OS) after GKR were determined via
univariate and multivariate analyses. The single variables were
ECOG PS, pathology, concurrent chemotherapy, radiation
dose, and target tumor volume. PES was calculated from the

date of surgery to the date of radiological progression or last
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Fig. 1. Kaplan-Meier curve related to progression-free survival. A : Median PFS
was significantly longer in patients with anaplastic oligodendroglioma than in
those with glioblastoma (p=0.001). B : Survival of patients with ECOG PS 1 was
statistically significantly different compared to those with ECOG PS 3 (p=0.024).
C:Survival of patients with tumor volume less than 10 mL was statistically signifi-
cantly different compared to those with tumor volume over 10 mL (p=0.008).
AO : anaplastic oligodendroglioma, AA : anaplastic astrocytoma, GM : glioblas-
toma; PFS : progression-free survival, ECOG : the Eastern Cooperative Oncology
Group, PS: performance status.

follow-up visit, and OS was calculated from the date of surgery
to the date of death or last follow-up. Survival probability was
calculated using the Kaplan-Meier method, and comparisons
were performed with the log-rank test. We examined variables
using the Cox proportional hazard analysis model to identify
the independent predictors of survival. All statistical analyses
were performed with a significance level of p<0.05 using SPSS
version 21.0 (SPSS, Chicago, IL, USA).
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Fig. 2. A: Kaplan-Meier curve related with overall survival. Patients with ECOG PS 1 and 2 had better OS compared to those with ECOG PS 3 (p=0.000 and 0.042,
respectively). B : Patients with tumor volume less than 10 mL had better OS compared to those with tumor volume over 10 mL (p=0.002). ECOG : the Eastern Co-

operative Oncology Group, PS : performance status, OS : overall survival.

Table 3. Multivariate analysis related with PFS and OS

Variable Haz?rd p-value  95%Cl
ratio
PFS related
Pathology
Anaplastic oligodendrogliomas ~ 0.658 0372 0.262-1.649
Anaplastic astrocytomas 2489 0122 0.784-7.895
Tumor volume
<10mL 0.273 0.007  0.106-0.703
ECOGPS
1 0.190 0.043  4.710-8.290
2 0.366 0.238  2465-5935
OS related
Tumor volume
<10 mL 0.239 0.015  0.075-0.761
ECOGPS
1 0.018 0.000  0.002-0.161
2 0.062 0.012  0.007-0.541

References : glioblastoma, tumor volume >10 mL, ECOG PS 3. PFS :
progression-free survival, OS : overall survival, Cl : confidence interval,
ECOG : the Eastern Cooperative Oncology Group, PS : performance status
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RESULTS

Prognostic factors related with progression-free
survival and overall survival

Starting from when the patients underwent GKR, the medi-
an PFS and OS were 5.0 months (range, 1.1-28.1) and 13.0 months
(range, 1.1-75.1), respectively. The prognostic factors related to
PES and OS on univariate analysis are summarized in Table 2.
The median PES was significantly longer in patients with ana-
plastic oligodendroglioma (6.9 months [range, 4.4-18.4]) com-
pared to those with glioblastoma (4.5 months [range, 1.1-28.1])
(p=0.001) (Fig. 1A). Moreover, survival of patients with an
ECOG PS 1 and tumor volume less than 10 mL was statistically
significantly different compared to those with an ECOG PS 3
and tumor volume over 10 mL (p=0.024 and 0.008, respective-
ly). The median PES of those with an ECOG PS 1 and PS 3 was
6.5 months (range, 2.6-28.1) and 1.1 months (range, 1.1-4.5),
respectively (Fig. 1B). Meanwhile, the median PES of patients
with a tumor volume less than 10 mL was 5.8 months (range,
1.6-28.1), while for those with over 10 mL was 3.4 months
(range, 1.1-7.7) (Fig. 1C). Differences in PFS based on radiation
dose and combined chemotherapy were not statistically sig-
nificant. Meanwhile, differences in OS in terms of ECOG PS
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and tumor volume were statistically significant (p=0.000 and
0.002, respectively). The median OS of patients with an ECOG
PS 1, 2, and 3 was 16.8 months (range, 4.2-75.2), 7.7 months
(range, 3.7-19.4), and 1.1 months (range, 1.1-4.5), respectively

(Fig. 2A). The median OS of patients with tumor volume less
than 10 mL was 14.7 months (range, 3.7-75.1), while for those
with over 10 mL was 8.4 months (range, 1.1-13.0) (Fig. 2B).

Factors related to PFS and OS on multivariate analysis are
listed in Table 3. Patients with tumor volume less than 10 mL
had longer PES (hazard ratio [HR] 0.273, 95% confidence in-
terval [CI] 0.106—0.703, p=0.007) and OS (HR 0.239, 95% CI
0.075-0.761, p=0.015) than those with over 10 mL. Moreover,
patients with ECOG PS 1 showed longer PES (HR 0.190, 95%
CI 4.710-8.290, p=0.043) than those with an ECOG PS 3. Fur-
ther, patients with ECOG PS 1 and 2 (HR 0.018, 95% CI 0.002—
0.161, p=0.000) had longer OS than those with ECOG PS 3 (HR
0.062, 95% CI 0.007—-0.541, p=0.012).

Fig. 3. GKR for recurred glioblastoma. A : Brain MRI
showed the recurred homogenous enhanced lesion on
the parietal lobe. B : Methionine-PET image showed a
hot uptake lesion. C: GKR was performed for this lesion.
The tumor volume was 2.05 mL, and the marginal radia-
tion dose was 18 Gy with 50% isodose. D : Follow-up
brain MRI after 24 months showed a decreased enhanc-
ing lesion without any neurologic symptoms. GKR : gam-
ma knife radiosurgery, MRl : magnetic resonance images,
PET : positron emission tomography.

Case presentation 1 : GKR for recurred glioblastoma

We present a case of a 21-year-old woman noted to have new-
ly developed lesions on the right parietal lobe on routine fol-
low-up radiological imaging. Seven years ago, she underwent
craniotomy and tumor resection. Pathologically, glioblastoma
was diagnosed. She received concomitant radiotherapy of 59.4
Gy and 6 cycles of adjuvant chemotherapy using temozolo-
mide. Brain magnetic resonance images (MRI) showed a ho-
mogenous enhanced lesion on the parietal lobe, and methio-
nine-PET image showed a hot uptake lesion (Fig. 3A and B).
GKR was performed for this lesion. The tumor volume was
2.05 mL, and the marginal radiation dose was 18 Gy with 50%
isodose (Fig. 3C). A combined 12 cycles of temozolomide che-
motherapy was then administered after GKR. Follow-up brain
MRI 24 months after treatment showed decreased enhancing

lesion without any neurologic symptoms (Fig. 3D).
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Case presentation 2 : GKR for recurred anaplastic
oligodendroglioma
We present a case of a 22-year-old man who underwent cra-

niotomy and tumor resection. Pathologically, anaplastic oligo-
dendroglioma was diagnosed. He received radiotherapy at a
dose of 50.4 Gy. Within 4 years from diagnosis, re-operation,
PCV chemotherapy, and temozolomide chemotherapy were
performed for repeated recurrent lesion. Brain MRI showed a
non-enhancing lesion adjacent to the right frontal horn, and
methionine-PET image showed a hot uptake lesion (Fig. 4A
and B). Consequently, GKR was performed. The tumor vol-
ume was 2.0 mL, and the marginal radiation dose was 18 Gy
with 50% isodose (Fig. 4C). Follow-up brain MRI after 11.3

months showed a stable enhancing lesion without any neuro-

522 https://doi.org/10.3340/jkns.2017.0259

Fig. 4. GKR for recurred anaplastic oligodendroglioma.
A : Brain MRI showed a non-enhancing lesion adjacent to the
right frontal horn. B : Methionine-PET image showed a hot up-
take lesion. C: GKR was performed. The tumor volume was 2.0
mL, and the marginal radiation dose was 18 Gy with 50% iso-
dose. D : Follow-up brain MRI after 11.3 months showed a sta-
ble enhancing lesion without any neurologic symptoms. GKR:
gamma knife radiosurgery, MRI : magnetic resonance images,
PET : positron emission tomography.

logic symptoms (Fig. 4D).

DISCUSSION

Although radiation therapy is effective for treating high-
grade gliomas, irradiation and re-irradiation for local brain re-
currence has been rarely considered because of the risk of ra-
diation injury to the normal brain. The interval between the
first and second irradiation is recommended to be at least six
months™”. Radiation can be delivered through two techniques :
fractionated 3D-conformal radiotherapy and single/fraction-
ated stereotactic radiosurgery. Stereotactic radiosurgery can

deliver a steep-dose gradient with geometrical accuracy and high



conformity. With this technique, high doses can be delivered
to small target volumes while sparing the surrounding normal
healthy tissue. Through re-irradiation at the edge of the recur-
rent tumor bed, the tumor can be treated while preserving the
normal tissue. For recurrent tumors located at different sites
along the tumor bed, radiosurgery can individually target them.
However, a large treatment volume can also expose a large area
of normal tissues owing to the detrimental effect of high radi-
ation dose”. Moreover, high tumor volume can increase the risk
of side effects after radiosurgery.

For patients with anaplastic gliomas and glioblastomas, ste-
reotactic radiosurgery was reported to result to a median PES
of 8.6 and 4.6 months, respectively, after salvage treatment for
recurrent malignant gliomas'”. Historical data showed a sur-
vival benefit of such treatment modality as salvage strategy. In
this study, the median PFS was 5.0 months after GKR. Depend-
ing on the pathology, the median PFS of those with anaplastic
oligodendroglioma, anaplastic astrocytoma, and glioblastoma
was 6.9, 3.6, and 4.5 months, respectively. Less tumor volume,
low histologic grade, good PS, and young age were the prognos-
tic factors significantly related with improved survival"*'"*""'".
Radiosurgery has a limited role for large treatment volume. How-
ever, tumor volume less than 10 mL and low histologic grade
were significantly related with improved survival'”. Larson et
al."! reported a better outcome in patients who were younger
(<70), in good general condition (Karnofsky performance
score >60), with smaller tumor diameter (<5 cm), and tumors
located in unifocal, hemispheric, supratentorial, and subcorti-
cal areas. In this study, PS and tumor volume less than 10 mL
were associated with a favorable prognosis after GKR. Stereo-
tactic radiosurgery can also be an alternative to open surgery
for surgically inaccessible recurrent small lesions. Moreover,
stereotactic radiosurgery is more beneficial than surgery for
recurrent high-grade glioma or glioblastoma because of the
high risk of complications in the latter treatment strategy".

Because of infiltrative nature of glioma, some viable cells ad-
jacent to target lesion cannot be treated by stereotactic radio-
surgery. Therefore, combined treatment with chemotherapy
and stereotactic radiotherapy has resulted in improved surviv-
al. Kim et al.” reported that the OS, PFS, and 6-month PFS were
15.5 months, 6.0 months, and 48.8% after combined treatment
with GKR and temozolomide chemotherapy for recurrent glio-
blastoma. The median treatment volume was 9.8 mL for the

combination group and 11 mL for the GKR alone group. The
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median radiation dose was 15 Gy. The combination of GKR
and temozolomide statistically resulted to superior survival
benefit compared to GKR alone and temozolomide alone. Con-
ti et al.” reported that cyberknife stereotactic radiosurgery in
combination with temozolomide led to an increased survival
time of 12 months and a 66.7% 6-month PFS. Minniti et al."”
reported that after stereotactic radiosurgery combined with te-
mozolomide as a salvage treatment, OS and PES increased by
9.7 and 5 months, respectively, and the 6-month PES rate was
42%. Meanwhile, radiosurgery combined with chemotherapy
can have a radio-sensitizing or other synergistic effect in pa-
tients with high-grade glioma'”. In this study, the GKR com-
bined with chemotherapy group did not show improved sur-
vival. Estimating the combination effect was difficult due to the
small number of patients and the variety of chemotherapeutic
regimens used.

In this study, patients with anaplastic oligodendroglioma
showed longer PFS than those with anaplastic astrocytoma and
glioblastoma. Radiosurgery has been reported to play a role in
oligodendroglioma management®'”. After GKR for oligoden-
droglioma, several factors, including low tumor grade and
small tumor volume, were associated with improved PFS”. Pa-
tients with anaplastic oligodendroglioma showed an OS of
88.9% and 19.6% 1 and 5 years after GKR, respectively. One
case report showed that multiple courses of stereotactic re-ir-
radiation controlled repeated recurrence without significant
toxicity for anaplastic oligodendroglioma”. Radiotherapy,
which is an essential treatment for those with anaplastic oligo-
dendroglioma, prolonged the survival of such patient group'”.
Stereotactic radiosurgery had the advantage of providing lo-
calized radiation and could be an additional treatment option
for recurred anaplastic oligodendroglioma.

The limitations of our study include a small patient popula-
tion, pathologic diagnosis without genotype information, and
heterogeneity of treatment strategy. On recurrent high-grade gli-
oma, it could be difficult to clearly differentiate the tumor recur-
rence from radiation necrosis, and delineate the tumor volume
because of infiltrative characteristics, which could affect the
treatment outcomes related with PES and OS. However despite
these limitations, our study showed that radiosurgery had a sur-

vival benefit for patients with recurrent high-grade gliomas.
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CONCLUSION

GKR could be an additional treatment option in recurrent
high-grade glioma, particularly in patients with good PS and

small tumor volume.
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