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Increased Survival Using Delayed Gamma Knife Radiosurgery for Recurrent High-Grade

Glioma: A Feasibility Study
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-OBJECTIVE: The current study retrospectively assessed delayed gamma knife
radiosurgery (GKRS) in the management of high-grade glioma recurrences.

-METHODS: A total of 55 consecutive patientswith high-grade gliomacomprising
68WorldHealthOrganization (WHO) III andWHO IVwere treatedwithGKRS for local
recurrences between 2001 and 2007. All patients had undergone microsurgery and
radiochemotherapy, considered as standard therapy for high-grade glioma. Com-
plete follow-up was available in all patients; median follow-up was 17.2 months
(2.5e114.2 months). Median tumor volume was 5.2 mL, prescription dose was 20 Gy
(14L22 Gy), and median max dose was 45 Gy (30L77.3 Gy).

-RESULTS: The patients with WHO III tumors showed a median survival of 49.6
months with and a 2-year survival of 90%. After GKRS of the recurrences, these
patients showed amedian survival of 24.2 months and a 2-year survival of 50%. The
patients with WHO IV tumors had a median survival of 24.5 months with a 2-year
survival of 51.4%. After the recurrencewas treatedwith GKRS, themedian survival
was 11.3 months and a 2-year survival: 22.9% for the WHO IV patients.

-CONCLUSION: The current study shows a survival benefit for high-grade
glioma recurrences when GKRS was administered after standard therapy. This is
a relevant improvement compared with earlier studies that had had not been
able to provide a beneficial effect timing radiosurgery in close vicinity to EBRT.
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INTRODUCTION

In the treatment of malignant glioma
(World Health Organization [WHO] III and
IV), the use of modern microsurgery and
chemotherapy have led to increased sur-
vival rates. Historically, the survival for pa-
tients with glioblastoma was 9�12 months,
with modern chemotherapy survival rates
up to 19 months can be achieved and re-
currences can be significantly delayed
(2, 10, 19, 23, 29, 34, 35, 42, 44-47). How-
ever, as promising and encouraging these
developments may be, overall survival still
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is limited. When radiosurgery is applied in
a logical time frame and embedded into
established therapy concepts, Gamma
Knife radiosurgery (GKRS) may represent a
promising additional treatment option
(Table 7) (8, 9, 11, 22, 24, 26, 30, 34, 36, 43).

PATIENTS AND METHODS

Between January 2001 and July 2007, a
total of 347 patients with WHO grade III þ
IV gliomas were treated at the Karolinska
University Hospital Stockholm.
These patients comprised 55 consecu-

tive patients with 68 histopathologically
confirmed tumor recurrences who had
previously been treated with microsurgery,
external beam radiation therapy (EBRT),
and chemotherapy and subsequently un-
derwent gamma knife radiosurgical treat-
ments for these recurrences.
32, NOVEMBER 2014 www
Standard Therapy
All patients initially were treated with
conventional microsurgery followed by
fractionated EBRT. Patients who had
experienced tumor recurrences after this
standard treatment were considered for
stereotactic radiosurgery. A histopathologic
diagnosis was available in all cases. All pa-
tients had been treated with upfront stan-
dard fractionated radiotherapy (EBRT) and
optionally either with adjuvant or concomi-
tant carmustine or temozolomide therapy.
As an initial conventional radiation modal-
ity, EBRT consisted of single fractions�2Gy
amounting to total dose of 60 Gy.
Surgical Treatment
There were 27 women (49.1%) and 28 men
(50.9%)harboring a total of 68 gliomas,with
36.4% of the patients (n ¼ 20) being
.WORLDNEUROSURGERY.org e623
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Table 1. Histopathologic
Characteristics

Tumor
Grade

Patients,
n (%)

Tumors,
n (%)

WHO grade
III

20 (36.4) 21 (30.9)

WHO grade
IV

35 (63.6) 47 (69.1)

WHO, World Health Organization.

Table 3. Number of Resections

Tumor Grade Resection 3 1 Resection 3 2 Resection 3 3

WHO grade III 14 (70%) 4 (20%) 0

WHO grade IV 13 (37.1%) 8 (22.9%) 2 (5.7%)

WHO, World Health Organization.

Table 4. Radiosurgery Parameters
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classified as WHO III and 63.6% (n¼ 35) as
WHO IV. Of the 68 tumors 30.9% (n ¼ 21)
were diagnosed as WHO III and 69.1% (n¼
47) asWHO IV (Table 1). A total of 8 patients
(9.1%) had undergone biopsy, 23 patients
(41.8%) partial resection, and 27 patients
(49.1%) gross total resection of the initial
glioma. Of the 20 patients with WHO grade
III gliomas, 30% (n ¼ 6) were diagnosed
after a biopsy and 70% (n ¼ 14) after a
conventionalmicrosurgical resection.Of the
35 patients withWHO grade IV gliomas, 6%
(n ¼ 2) had been diagnosed after a biopsy
and 94% (n ¼ 33) after a conventional
microsurgical resection (Tables 2 and 3). All
patients had experienced tumor recurrences
after the described standard therapy. Radi-
osurgery was considered when no other
surgical option was considered available.

Exclusion
The following patients were not consid-
ered suitable for stereotactic radiosurgery:
1) patients with a Karnofsky Performance
Scale (KPS) score <70, patients with large
multifocal recurrences; and 2) patients
with leptomeningeal dissemination or
patients with tumors locations within 5
mm of the optic chiasm. Patient age was
not part of the exclusion criteria. The
median patient age was 51.1 years
(17.0�81.1 years).
Table 2. Surgical Modalities

Tumor
Grade

Biopsy,
n (%)

Resection,
n (%)

WHO grade
III

6 (30%) 14 (70%)

WHO grade
IV

2 (5.7%) 33 (94.3%)

e624 www.SCIENCEDIRECT.com
Radiosurgical Procedure
The radiosurgical treatment was performed
using a Leksell Gamma Knife 4C (Elekta,
Stockholm, Sweden) at the Karolinska Uni-
versity Hospital Stockholm by 5 alternating
neurosurgeons. The patients were stratified
according to recursive partitioning analysis
(RPA) classes (20, 21, 25, 37). Tumor defini-
tion was based on stereotactic magnetic
resonance imaging as performed at the day
of the Gamma Knife treatment with fluid-
attenuated inversion recovery and T1- and
T2-weighted studies without and with gad-
olinium. The contrast enhancing area was
delineated as a targetwithnomarginsadded.

Treatment Parameters
The median prescription dose was 20 Gy
(14�22 Gy). Median maximum dose was
45.4 Gy (30.0�77.3 Gy). The median pre-
scription isodose was 44% (range 30%�
61%). The median 10 Gy volume was 25.8
mL (0.2�213.8 mL). The applied median
prescription doses were not significantly
different (20 Gy). The resulting median 10
Gy volumes were 31.2 mL (2.3�63.0 mL)
and 24.0 mL (0.2�213.8 mL) for the WHO
III and WHO IV tumors, respectively.
(Table 4)

Tumor Volume
At diagnosis of the recurrence, a multidis-
ciplinary team consisting of neurosurgeons,
neurologists, neuroradiologists,
Tumors WHO IV

Median volume, mL 4.80 (0.03�38.10

Median prescription
dose, Gy

20 (14�22)

Maximum dose, Gy 46.5 (30.0�66.7)

Median prescription isodose, % 43 (33�61)

Median 10-Gy Volume, mL 24.0 (0.2�213.8)

WHO, World Health Organization.
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neuropathologists, and neuro-oncologists
assessed all cases. The indication for radio-
surgery was based on the decision from the
multidisciplinary conference that no other
treatment option was preferable. Patients
with tumor recurrences up to a volume of 10
mL were considered suitable for radio-
surgery.However, several tumors showedan
increased volume at the actual time of the
treatment and were not declined for treat-
ment. Hence, 10 patients were treated with
tumor volumes of 10.8�17.6 mL. One pa-
tient with a tumor volume of 38.1 mL had
been treated on compassionate grounds and
was included in the current series. The me-
dian overall volume of the recurrent tumors
was 5.2 mL (range 0.03�38.1 mL) for the
entire group and 4.8 mL (range 0.03�38.1)
for glioma WHO IV and 5.9 mL (0.3�17.6
mL) for glioma WHO III.

Survival
Survival was measured from an initial
histopathologic diagnosis of the glioma,
and further differentiation was made by
reporting the survival after diagnosis of
the recurrence. Three patients initially had
been diagnosed with glioma WHO grade
III but experienced further malignant
transformation. These patients were clas-
sified as glioblastoma, with survival being
measured starting at the histologic diag-
nosis of the malignant transformation and
hence diagnosis of the glioblastoma. The
WHO III Combined

) 5.9 (0.3�17.6) 5.20 (0.03�38.10)

20 (15�22) 20 (14�22)

45 (33.9�77.3) 45.4 (30.0�77.3)

44 (30�60) 44 (30�61)

31.2 (2.3e63.0) 25.8 (0.2�213.8)
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Figure 1. Survival after initial diagnosis for WHO grade III and IV. WHO, World
Health Organization.
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study end points were overall survival and
survival after salvage GKRS.

Follow-Up Assessment
All cases had a complete follow-up,
with a median of 17.2 months after
GKRS (2.5e114.2 months). Follow-up in-
vestigations were performed as magnetic
resonance imaging routinely in 3 monthly
intervals. The maximum tumor diameter
was assessed in axial and coronal planes.
The patients’ clinical status was assessed
via the KPS in regular outpatient
examinations.
Figure 2. Survival after first GKRS for WHO
Knife radiosurgery; WHO, World Health O
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RESULTS

After the tumor diagnosis, the 20 patients
with WHO III glioma showed a median
survival of 49.6months (19.2�122.5months)
whereas the 35 WHO IV patients survived a
median of 24.5 months (5.4�84.35 months)
(Figure 1). After Gamma Knife treatment of
the tumor recurrence, the 20 patients with
WHO III glioma had a median survival of
24.2 months (5.0�68.1 months), with 8 pa-
tients alive at the study’s conclusion date (21
July 2007), whereas the 35 WHO IV patients
had median survival of 11.3 months
(2.5�62.8 months) (Figure 2; Table 5).
grade III and IV. GKRS, Gamma
rganization.
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Overall Survival in RPA Classes
Patients classified according to RPA class I
(n¼ 11) at the time of their tumor recurrence
had a median survival of 47.7 months (5�64
months) after their initial diagnosis and a 2-
year survival rate of 45.5% (5 of 11 patients).
The median survival in RPA class II was 61.2
months (7.8�40.9 months) with a 2-year
survival rate of 50% (3 of 6 patients).
After the Gamma Knife treatment of the

tumor recurrence, the median survival was
22.7 and 26.4 months in RPA class 1 and 2
and 14.1, 15.4, and 13.7 months in RPA
classes 3, 4, and 5, respectively (Figure 3;
Table 6).

Side Effects and Reoperations
There were secondarily increasing contrast
enhancing lesions in 40% (n ¼ 22) of all
patients. Although components with pro-
gressive tumor recurrences could not be
ruled out entirely, these reactions were
considered as adverse radiation effects
(AREs), and fluorodeoxyglucose-positron
emission tomography examinations used
for further differentiation, which generally
is difficult both in imaging and histology.
In 37% of the ARE cases, the patients

experienced clinical symptoms related to
their anatomical tumor localization. Hence,
a total of 25% (n¼ 14) of 55 treated patients
were symptomatic as the result of AREs.
Most of these patients symptoms were
treated with corticosteroid medication, but
20% (n¼ 4) of patients withWHO grade III
gliomas and 23% of patients with WHO
grade IV gliomas (n ¼ 8) underwent a sec-
ond resection. Two glioblastoma patients
underwent a third operation.
Table 5. Survival After Initial Diagnosis
and After GKRS

Tumor
Grade

Patients,
n

Median
Survival
After

Diagnosis,
months

Median
Survival
After
GKRS,
months

WHO
grade III

20 55.1 31.3

WHO
grade IV

35 24.5 11.3

Combined 55 � 17.2

RPA, recursive partitioning analysis; GKRS, Gamma Knife
radiosurgery; WHO, World Health Organization.
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Figure 3. Survival after GKRS in RPA classes. GKRS, Gamma Knife
radiosurgery; RPA, recursive partitioning analysis.
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DISCUSSION

The current study demonstrates the results
after GKRS of recurrent malignant glioma
and glioblastoma. Gamma Knife treat-
ment of tumor recurrence resulted in a
median survival of 24.2 months for WHO
III tumors and 11.3 months for glioblas-
toma, which appears as a promising op-
tion with regard to this otherwise highly
complex situation, when no other surgical
approach is available.
The current approach is based on the

concept of a glioma as a long-term process
rather than a confined mass, in which
radiosurgery may constitute a potential late
salvage therapy for tumor recurrences (22,
34, 36, 39). The present results offer a
positive outlook even with regard to other
Table 6. Survival After Initial Diagnosis in RP

RPA class
Patients,
n (%)

Median Survival
After Diagnosis,

Months

2-Year
After D
Patien

1 11 (20) 52.5 10

2 6 (10.9) 61.2 6

3 10 (18.2) 28.9 7

4 7 (12.7) 28.0 4

5 21 (38.2) 22.2 9

6 0

Total 55 (100)

RPA, recursive partitioning analysis; GKRS, Gamma Knife radios
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historical series but the limitations attrib-
uted to the small sample size and the
retrospective setting have to be considered
(Figures 4-6).
The current study demonstrates the

feasibility of GKRS for malignant glioma.
Compared with several earlier studies, the
timing of the Gamma Knife procedure plays
a crucial role in this context. Although initial
studies (22, 30) had published beneficial
effects after radiosurgery using bothGamma
Knife and linear accelerator (LINAC) tech-
niques, the prospective randomized RTOG
study 93-05 put an end to all radiosurgical
treatment options in malignant glioma
because no survival benefit could be ach-
ieved compared with standard fractionated
radiotherapy. The patients randomized for
A Classification

Survival
iagnosis,
ts, n (%)

Median Survival
After GKRS,
Months

2-Year Survival
After GKRS,

Patients, n (%)

(90) 25.3 6 (54.5)

(100) 32.8 3 (50)

(70) 14.1 3 (30.3)

(57.1) 15.4 2 (28.6)

(42.9) 13.7 5 (23.8)

17.2

urgery.

WORLD NEUROSURGERY, http://
radiosurgery had received a stereotactic
boost immediately followed by fractionated
radiotherapy. In this context, it is essential to
highlight the differences in the approach
between the current retrospective analysis
and the prospective trial.
Because tumor recurrences occur

almost invariably after standard treatment,
the concept of the current study provides
another option available when further
conventional radiotherapy or surgery is
unavailable. Although the RTOG study 93-
05 (41) used radiosurgery together with
fractionated radiotherapy as initial boost,
the current protocol applied radiosurgery
late in the event of a recurrence.
Hence the emphasis of the current radi-

osurgical study is the late and limited
application of Gamma Knife. In this context
the results of the current study appear to be
promising. Several other retrospective
studies using both single or multiple frac-
tion regimes support the results of the
current feasibility study in which we
demonstrated benefit after radiosurgery in
patients with high-grade glioma (Table 7)
(8, 11, 22, 26, 34, 36).
Hence a consideration of late radio-

surgery in a prospective trial for recurrent
anaplastic glioma would be valuable
because it would constitute a fundamen-
tally different approach compared with the
previous RTOG study. Microsurgery will
always be considered as method of choice
to reduce tumor mass effect, but stereo-
tactic radiosurgery has a potential role in
smaller recurrent glioma when further re-
sections cannot be applied.
The application of the extreme preci-

sion of GKRS for a highly diffuse malig-
nant glioma has been questioned, but it
has to be taken into consideration that
even a standard surgical resection is a
extremely locally confined treatment and,
like the more widespread fractionated
radiotherapy, invariably results in local
recurrences. Earlier studies have shown
that malignant glioma typically recurs
within a 2-cm margin of the initial tumor
(4, 13, 21, 28, 31, 40).
The present study was performed to

define the potential survival benefit in a
clinically rather unselected cohort of pa-
tients with recurrent gliomas, where the
decision of a multidisciplinary conference
had been that no other therapy was prefer-
able. Further evaluation will be made to
define the dose volume criteria of AREs and
dx.doi.org/10.1016/j.wneu.2014.06.011
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Figure 4. Dose plan of gamma knife treatment, January 2005.
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associated side effects and will be pub-
lished separately. The established selection
criteria for GKRSpotentially generate a bias
towards patients with smaller tumors and
better clinical condition (1, 6, 27, 32), which
represents the qualitative cornerstones in
radiosurgery. Although in the current study
clinical criteria such as KPS, age, and tumor
malignancy are considered in the applied
RPA classification, the majority of tumor
volumes were relatively small in the range
between 0.03 and 7 mL. However, 20% of
patients had tumor recurrences with vol-
umes between 10.8 and 38mL. It is possible
that tumors could be smaller than in an
unselected cohort of patients. Conse-
quently, comparisons with unselected his-
torical material might be skewed. However,
the range of tumor volumes corresponds to
other radiosurgical series in which authors
applied stereotactic radiosurgery for glio-
blastoma recurrences for median tumor
volumes of 10.4mL (0.3e60.1) (33), 10.1mL
(2.2�83) (38), and 6.5 mL (0.88�31.2) (22).
WORLD NEUROSURGERY 82 [5]: e623-e6
Only scarce data exist after radiosurgery of
larger tumor volumes (21.6 mL) (20).
Although the series with the largest tumors
showed a 33% risk for AREs, the reported
survival was relatively similar ranging be-
tween 10 and 14 months after treatment of
the recurrence.
It is established that patients with tumor

volumes smaller than 10 cm3 show a better
outcome, but detailed selection criteria for
salvage radiosurgery have yet been insuffi-
ciently defined. Not surprisingly, Larson
et al. (24) demonstrated that the outcome
after stereotactic radiosurgery of glioma
was dependent on specific selection cri-
teria: younger patients (age <70) in good
clinical condition (KPS >60) with smaller
(<5 cm), unifocal, hemispheric, supra-
tentorial, and subcortical tumors had a
better prognosis. In a similar way, these
selection criteria are reflected in the RPA
classification. Curran et al. (12) established
clinical prognostic classes through recur-
sive partitioning analysis of 1578 patients
32, NOVEMBER 2014 www
from 3 consecutive RTOG trials. Patients
younger than 50 years were categorized by
histology (astrocytomas with anaplastic or
atypical foci vs. glioblastoma multiforme)
and subsequently by normal or abnormal
mental status for patients with anaplastic or
atypical foci and by performance status for
those with glioblastoma multiforme. For
patients 50 years of age or older, perfor-
mance status was the most important vari-
able, and in the poorer performance status
group the mental status created the only
significant split.
However, it has to be emphasized that

these criteria only generate outcome classes
for scientific comparison, not selection
classes for differential treatment options.
The present study used the RPA criteria to
facilitate categorization and comparison of
outcome. However, the reported number of
patients represents 1 of the 3 largest cohorts
of patients with recurrent malignant gli-
omas treated with stereotactic radiosurgery
but is definitely too small to reliably define
.WORLDNEUROSURGERY.org e627
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Figure 5. Follow-up magnetic resonance imaging; February 2007.
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further selection criteria for clinical and
prognostic subcategorization.
Independently, if patients with glioblas-

toma recurrences fulfill the various outcome
criteria, tumor recurrences after standard
treatment constitute a major therapeutic
dilemma that cannot be solved by estab-
lished therapies. The median survival time
after reoperation of recurrent glioblastoma
can be estimated with 3.5e9 months (8, 9,
22, 36), but the prerequisite for a reoperation
is a good preoperative clinical condition
(KPS > 60) (13). A study at the Memorial
Sloan-Kettering Cancer Center with recur-
rent glioblastoma showed that the median
overall survival after progressive disease on
bevacizumabwas 4.5months (43). Repeated
e628 www.SCIENCEDIRECT.com
conventional fractionated radiotherapy is
generally not feasible.
Hence the aim of the current study was

rather to define the feasibility for radio-
surgery of recurrent glioma as late salvage
treatment and definition of criteria for radi-
osurgical options rather than the proof of
superiority compared with other therapies.
The present outcome in terms of survival

allows a promising prospect and would
justify a prospective trial. Using a LINAC
for a fractionated stereotactic conformal
radiotherapy boost, Balducci et al. (2)
showed promising results performing a
salvage therapy treatment for patients with
recurrences of high-grade glioma. Similarly,
Biswas et al. (4) and Combs et al. (11)
WORLD NEUROSURGERY, http://
showed encouraging results with the use of
LINAC-based concepts. A benefit for these
patients seems achievable with various ra-
diation treatment modalities and regimes
and is clearly not exclusively reserved for
stereotactic radiosurgery or GKRS.
In the present series, patients classified

according to RPA 1 and 2 showed a highly
interesting survival rate both after diag-
nosis and after the Gamma Knife proce-
dure. RPA 1 with a median survival of 52.5
months after diagnosis and 25.3 months
after GKRS and RPA 2 of 61.2 and 32.8
months, respectively. Stratification of pa-
tients according to the RPA classification
system could prove as a valuable instru-
ment for the selection of patients for
dx.doi.org/10.1016/j.wneu.2014.06.011
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Figure 6. Follow up magnetic resonance imaging; March 2013.
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delayed gamma knife surgery. Comparably
with the present feasibility study, Hsieh
et al. (20) demonstrated a significant sur-
vival benefit in patients with RPA class III
and IV when they applied GKRS as an
adjuvant therapy in glioblastoma re-
currences compared with historical con-
trols (36). The present study confirms a
beneficial effect of GKRS in the treatment
of malignant glioma WHO III and IV. A
median overall survival from the initial
diagnosis of 24.5 months for WHO grade
IV patients and 49.6 months for grade III
patients enable these results to range well
within the promising results of further
studies in which authors use radiosurgery
WORLD NEUROSURGERY 82 [5]: e623-e6
in the treatment of high-grade glioma.
The delayed timing of the radiosurgical
procedure, as opposed to earlier studies as
well as aiming specifically at local re-
currences, plays a crucial role in admin-
istering GKRS.
The study’s promising results must be

interpreted with care because both its small
patient population as well as its lack of a
randomized setting requires larger and
prospective study settings thatmay confirm
these preliminary results. The current study
shows a feasible way of integrating GKRS
into established therapy strategies. The
potential to induce AREs is a known phe-
nomenon in radiosurgery (3, 5-7, 14-18) and
32, NOVEMBER 2014 www
has to be thoroughly assessed in the current
indications. A total of 40% of all treated
patients in this study developed AREs,
representing a risk much greater than pre-
viously reported in other publications. The
patients of the current study suffered clin-
ical “impact,” meaning symptoms related
to their anatomical localization in 37% of
the ARE cases. However, most of the pa-
tients’ symptoms could be controlled with
transitory low amounts of corticosteroids.
Specifically, in view of these patients
limited expected, survival the phenomenon
of AREs plays an important role in the
physician’s discussion with the patient as
well as in a quest for reducing the
.WORLDNEUROSURGERY.org e629
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Table 7. Overview of Various Studies in Which Authors Used Radiosurgery for High-Grade Glioma

Author Modality Pathology Patients, n
Median

Age, Years KPS
Tumor,
mL

Median
Prescription
Dose, Gy

Median OS
from Diagnosis,

Months

Median OS from
Radiosurgery,

Months

Skeie et al., 2012 (39) GKRS WHO IV 32 51 73 12.4 12.2 19 12

19 50 81 13.9 12.2 19 12GKRS þ Re-Op

Pouratian et al., 2009 (34) GKRS WHO IV 48 61 80 14.4 � 16.2 �
Kong et al., 2008 (23) SRS LINAC þ GKRS WHO IV 65 49 60 10.6 16 (SRS) 60 (initial) 23 13

WHO III 49 49 60 10.6 16 (SRS) 60 (initial) 37.5 26

Hsieh et al., 2005 (20) GKRS upfront WHO IV 25 � � 13.6 12 10 �
GKRS at recurrence WHO IV 26 � � 13.6 12 16.7 �

Souhami et al., 2004 (41) EBRT þ BCNU WHO IV 97 55.5 mean > 60 4.0 � � 13.6

SRS upfront þ EBRT þ BCNU WHO IV 89 56.4 mean > 60 4.0 15, 18, 20 � 13.5

Nwokedi et al., 2002 (29) EBRT WHO IV 33 � � � 59 12 �
EBRT þ GKRS boost WHO IV 31 � � 18.5 17.1 25 �

Larson et al., 2002 (24) GKRS WHO IV 39 50 90 9.1 16 11 �
GKRS þ Marimastat WHO IV 14 53 90 8.0 15 9.5 �

GKRS WHO III 15 35 90 6.0 17 14.8 �
GKRS þ Marimastat WHO III 12 44 90 2.7 16.5 17 �

Kondziolka et al., 1997 (22) GKRS WHO IV 64 51 90 6.5 mean 15.5 26 21

GKRS WHO III 43 45 90 6.0 mean 15.2 32 16

Karolinska, 2014 GKRS WHO IV 35 51.1 > 70 24 20 24.5 11.3

GKRS WHO III 20 51.1 > 70 31.2 20 55.1 31.3

KPS, Karnofsky Performance Scale; OS, overall survival; GKRS, Gamma Knife radiosurgery; Re-Op, reoperation; WHO, World Health Organization; SRS, stereotactic radiosurgery; LINAC, linear accelerator; EBRT, external beam radiation therapy;
BCNU, bis-chloroethylnitrosourea.
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probability of inducing this side effect. This
very important factor of radiosurgery in the
current context will be discussed at length
elsewhere.
CONCLUSIONS

The present data indicate that GKRS could be
feasible for a subset of patients with recurrent
malignant gliomas in as addition to standard
therapy when other treatment options appear
unavailable. Rather than an alternative,
Gamma Knife radiosurgery could have an in-
tegrated role in comprehensive treatment
concepts. A promising outcome can be ach-
ieved if GKRS is used in combinationwith the
classical standard management specifically
timed and aimed at treating local recurrences.
Furtherprospective studieswill further identify
the patient population that may benefit most
in this context.
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