
GKRS as salvage therapy for malignant gliomas, nine 
articles from 2005 to July 2013 were identified which 
evaluated rGBM treatment. In this review, we compare 
overall survival following diagnosis, overall survival fol-
lowing salvage treatment, progression-free survival, 
time to recurrence, local tumor control, and adverse 
radiation effects. This report discusses results for rGBM 
patient populations alone, not for mixed populations 
with other tumor histology grades. All nine studies re-
ported median overall survival rates (from diagnosis, 
range: 16.7-33.2 mo; from salvage, range: 9-17.9 mo). 
Three studies identified median progression-free surviv-
al (range: 4.6-14.9 mo). Two showed median time to 
recurrence of GBM. Two discussed local tumor control. 
Six studies reported adverse radiation effects (range: 
0%-46% of patients). The greatest survival advantages 
were seen in patients who received GKRS salvage along 
with other treatments, like resection or bevacizumab, 
suggesting that appropriately tailored multimodal 
therapy should be considered with each rGBM patient. 
However, there needs to be a randomized clinical trial 
to test GKRS for rGBM before the possibility of selection 
bias can be dismissed.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Glioblastoma is the most common malignant 
primary neoplasm of the brain. Despite aggressive, 
upfront therapy, most patients will experience a recur-
rence of their tumor six months after treatment. This 
review article analyzes the outcomes of clinical trials 
that utilized Gamma Knife radiosurgery as salvage 
therapy for recurrent glioblastoma. Other modalities of 
radiosurgery were excluded from this study as there is 
variability in the targeting precision and radiation dos-
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Abstract
Glioblastoma multiforme (GBM) is the most common 
malignant primary brain tumor with a survival progno-
sis of 14-16 mo for the highest functioning patients. 
Despite aggressive, multimodal upfront therapies, 
the majority of GBMs will recur in approximately six 
months. Salvage therapy options for recurrent GBM 
(rGBM) are an area of intense research. This study 
compares recent survival and quality of life outcomes 
following Gamma Knife radiosurgery (GKRS) salvage 
therapy. Following a PubMed search for studies using 
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age fall off. Gamma Knife can be used to target tumors 
that are adjacent to eloquent brain tissue, thus allow-
ing it to treat a wider population of patients, improving 
overall survival.

Larson EW, Peterson HE, Lamoreaux WT, MacKay AR, Fair-
banks RK, Call JA, Carlson JD, Ling BC, Demakas JJ, Cooke 
BS, Lee CM. Clinical outcomes following salvage Gamma 
Knife radiosurgery for recurrent glioblastoma. World J Clin 
Oncol 2014; 5(2): 142-148  Available from: URL: http://www.
wjgnet.com/2218-4333/full/v5/i2/142.htm  DOI: http://dx.doi.
org/10.5306/wjco.v5.i2.142

INTRODUCTION
Glioblastoma multiforme (GBM) remains the most 
common malignant primary brain tumor in adults and is 
uniformly fatal[1]. Without treatment, most patients die 
within a few weeks after presentation of  symptoms[2]. For 
newly diagnosed GBM, median survival can be extended 
to 14-16 mo using a standard treatment protocol that 
includes maximal surgical resection followed by temo-
zolomide chemotherapy and 60 Gy of  external beam 
radiation therapy (EBRT)[3,4].

Strong predictors of  prognosis with these treatments 
for patients with GBM have been outlined by Radiation 
Therapy Oncology Group recursive partitioning analysis 
(RTOG-RPA). These include tumor histopathology, age, 
Karnofsky Performance Score (KPS), neurologic func-
tion, and initial treatments[5,6]. Patients with GBM histol-
ogy are categorized in one of  four groups, RPA Classes 
Ⅲ, Ⅳ, Ⅴ, and Ⅵ, with Class Ⅵ having the worst prog-
nosis. In 2011, Li et al[7] analyzed the RTOG-RPA with a 
renewed focus on GBM alone. They suggest that there 
is not a significant difference between Classes Ⅴ and Ⅵ, 
and that these groups could be combined. They report 
median overall survival times for the updated classifica-
tion as 17.1, 11.2, and 7.5 mo for patient populations in 
Classes Ⅲ, Ⅳ, and Ⅴ + Ⅵ, respectively[7]. Additional 
prognostic factors that may improve survival include 
small tumor volume, unifocal lesions, use of  additional 
salvage therapies, and O6-methylguanine-DNA methyl-
transferase (MGMT) promoter methylation[8-11] MGMT 
status, however, was either not known, or not reported 
for any of  the studies reviewed herein.

Despite aggressive adjuvant therapy for GBM, tu-
mors typically recur within 6 mo of  treatment. This may 
be due in part to microscopic infiltrative growth up to 4 
cm from visible tumor location along white matter tracts 
in normal brain tissue[12] as well as the resistance of  the 
tumor to radiation and chemotherapy treatments. Salvage 
therapy for recurrent GBM (rGBM) is an area of  current 
interest in order to extend overall survival beyond the 
aforementioned median survival of  17.1 mo for the most 
functional patients. Some patients may not be eligible for 
repeated surgery because of  the location of  the tumor in 
critical structures or its diffuse nature. Others may find 

that recovery from surgery is too burdensome during the 
terminal stage of  illness. Salvage chemotherapy may be 
an option for patients who can tolerate the side effects. 
Repeated conformal radiation therapy comes with un-
certain benefit and increased risk of  adverse radiation ef-
fects including radionecrosis or radiation-induced edema. 
Stereotactic radiosurgery has shown not to be superior to 
standard EBRT for newly diagnosed GBM[13]. However, 
its role in rGBM is still under investigation.

There are multiple modalities of  stereotactic radio-
surgery; one of  which often utilized for this recurrent 
disease is Gamma Knife radiosurgery (GKRS). GKRS is 
capable of  delivering a high dose of  radiation to a tumor 
while sparing healthy surrounding tissue. Its advantages 
in rGBM include the convenience of  a single outpatient 
treatment, minimization of  potential radiation necrosis to 
adjacent brain, and a cost benefit over open resection[14]. 
Its disadvantage includes the lack of  treatment to regions 
of  tumor not well visualized on magnetic resonance im-
aging. Therefore, its effect on both local tumor control 
and overall survival is unclear. Previous review articles 
on stereotactic radiosurgery for malignant gliomas have 
taken a broad approach, including gliomas of  multiple 
grades or a variety of  radiosurgery treatment modalities. 
These other articles have excluded some of  the smaller 
studies of  radiosurgery for rGBM. The present article re-
views the outcomes of  clinical studies which used GKRS 
alone or as part of  multimodal treatment regimens as 
salvage therapy for rGBM. While other modalities, such 
as CyberKnife® or linear accelerator based systems may 
have similar outcomes, these radiosurgery modalities are 
not included in this review due to the differences in cost, 
conformity, homogeneity, maximum dose, treatment 
times, dose fall off, invasiveness, treatment planning, and 
beam properties[15-20]. Different radiosurgical delivery sys-
tems may be more appropriate for other tumor types and 
locations which are not discussed here[18,20].

RESEARCH
A PubMed search was performed to identify clinical stud-
ies that used GKRS salvage for treatment of  rGBM be-
tween 2005 and 2013. Key words for this search included 
“Stereotactic Radiosurgery”, “Gamma Knife”, “Glioblas-
toma”, “recurrent GBM”, “Glioma”, and “Glioma sal-
vage therapy”. To expand the search strategy, references 
from articles found in this search were also analyzed 
for inclusion in this review. Studies which treated World 
Health Organization Grade Ⅰ-Ⅲ Gliomas without treat-
ing Grade Ⅳ (GBM) were also excluded. Finally, studies 
which used Gamma Knife as upfront therapy only for 
newly diagnosed GBM were excluded.

The median overall survival outcomes as compared 
to RTOG-RPA prognostic indicators[7] were extracted 
and collated from these research studies. Other results 
were also analyzed including median survival post-GKRS 
salvage, progression-free survival, and time to repeat 
tumor recurrence. This article will discuss additional fac-
tors that may contribute to improved outcomes based on 
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these combined results. Additionally, barriers to effective 
GKRS salvage treatment are considered. Some studies 
did not report segregated data for GBM versus Grade 
Ⅰ-Ⅲ gliomas[11,21-23] or salvage GKRS versus upfront 
GKRS[24,25] in all categories; however, we considered data 
as available.

RESULTS
Table 1 outlines the characteristics of  patients from the 
various studies who were newly diagnosed with GBM. 
Table 2 shows which upfront treatment modalities were 
used for newly diagnosed GBM and the time until the 
first recurrence. In Table 3 we show the available details 
for salvage treatment modalities. Finally, Table 4 describes 
the outcomes of  these salvage therapies.

Median overall survival from initial diagnosis compared 
to RPA prognosis
Primarily, salvage therapies for rGBM, such as GKRS, 
are designed to prolong the life of  the patient. Taken 
as a whole, these studies showed an improved survival 
compared to classical results from the RTOG-RPA study. 

Considering the KPS scores and ages of  patients in each 
study, it is expected that the majority of  patients would be 
classified as RTOG-RPA Classes Ⅲ or Ⅳ with an expect-
ed overall median survival of  17.1 or 11.2 mo, respective-
ly[7]. The longest median survival for these salvage studies 
was reported in the cohort of  eleven patients studied by 
Park et al[10] in 2012 who were treated with both GKRS 
and bevacizumab as salvage: 33.2 mo (95%CI: 23.7-42.7 
mo) survival after initial GBM diagnosis. These patients 
were matched to a group of  44 patients who were treated 
with GKRS salvage without bevacizumab resulting in 
median overall survival of  26.7 mo (95%CI: 21.8-31.6 
mo). While the authors attributed this longer survival to 
selection bias (KPS scores ≥ 70), it is worth mentioning 
that four of  the eleven patients in the bevacizumab treat-
ment group would be classified in RPA Class Ⅴ + Ⅵ as 
they were older than 50 and received biopsy only when 
initially diagnosed, and thus their survival would have 
classically been very limited.

A 2012 study by Skeie et al[9] demonstrated a survival 
advantage in patients who received salvage GKRS with 
salvage gross total resection (median 21 mo) or without 
salvage gross total resection (median 18 mo). Improved 
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Table 1  Characteristics of patients with newly diagnosed glioblastoma multiforme

Ref. rGBM patients Median age (range) Median KPS (range) Median tumor volume (mL) (range)

Skeie et al[9] 32                   51                   73                            12.4
19                   50                   81                            13.9

Park et al[10] 11 62 (46-72) 90 (80-100) 13.6 (1.2-45.1)
44 64 (41-77) 90 (70-100)   9.5 (1.5-48.9)

Koga et al[28]   9 43 (17-64)                   90 (80-90) NR
  9 53 (27-79)                   90 (80-90)

Elliott et al[11] 16 60 (35-69) 90 (80-100) 1.35 (0.37-6.2)
Pouratian et al[25] 26    60.7 (12.9-76.9) 80 (40-100)   21.3 (0.3-110.0)
Kida et al[21] 54 [Mean 52.4 (11-80)] NR (Mean: 29.0 mm) (7-48.3 mm)
1Kong et al[23] 65 NR NR NR
Kohshi et al[22] 11 NR NR NR
Hsieh et al[24] 26 (Mean 58.2) (Mean: 70) (Mean: 21.6)

1Kong et al[23] (2008) includes data from 0-5 cases treated with LINAC. rGBM: Recurrent glioblastoma multiforme; KPS: Karnofsky Performance Status; NR: 
Data not reported or not segregated for rGBM patients.

Table 2  Upfront treatment modalities for newly diagnosed glioblastoma multiforme

Ref. rGBM patients Initial surgery Adjuvant rad Adjuvant chemotherapy Time to 1st recurrence (mo)

Skeie et al[9] 32 All GTR 93.5% of patients had EBRT 37% Temo, 19.9% PCV 11.0 (mean)
19 (39-60 Gy) 10.4 (mean)

Park et al[10] 11 4 Bx, 7 GTR All EBRT (54-60 Gy) All Temo NR
44 NR NR NR

Koga et al[28]   9 All resection     8 EBRT (48-80 Gy) 6 ACNU, 2 Temo, 1 CE 14.5 (median) (range, 1-51)
  9 2 Bx, 7 resection All EBRT (60-80 Gy) All Temo    12 (median) (range, 6-39)

Elliott et al[11] 16 NR        All EBRT (60 Gy) All Temo   7.9 (median) (range, 2-84)
Pouratian et al[25] 26 2 Bx, 18 STR, 6 GTR  25 EBRT (dose NR) 16 had chemotherapy (type NR) NR
Kida et al[21] 54 NR NR NR NR
1Kong et al[23] 65 NR All EBRT (54-70 Gy) NR        4.3 (range, 1.5-27.0)
Kohshi et al[22] 11 All debulking All EBRT (50-72 Gy) All had chemotherapy (type NR) NR
Hsieh et al[24] 26 NR        All EBRT (60 Gy) NR NR

1Kong et al[23] (2008) includes data from 0-5 cases treated with LINAC. rGBM: Recurrent glioblastoma multiforme; GTR: Gross total resection; STR: Subtotal 
resection; Bx: Biopsy; EBRT: External beam radiation therapy; Temo: Temozolomide; PCV: Procarbazine, lomustine, and vincristine; NR: Data not reported 
or not segregated for rGBM patients.
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worth mentioning that both of  these studies used a rela-
tively low median marginal dose for the GKRS therapy: 
12 Gy in the Hsieh study and 6.0 Gy in Pouratian.

There have not been large studies assessing the num-
ber or frequency of  repeated salvage GKRS for recur-
rent GBM. However there have been some reports that 
suggest that eligible patients may be offered as many 
repeated therapies as can be tolerated or are feasible with 
some initial promising results[26,27].

Other outcomes
Without treatment, the natural history of  a recurrent 
GBM is grim[2]. It is expected that the same prognostic 
indicators mentioned previously are the best predictors 
of  survival following recurrence. It is therefore useful 
when evaluating the efficacy of  GKRS salvage therapy to 
consider the length of  median overall survival after treat-

survival was shown for salvage GKRS patients in all RPA 
Classes, the majority of  whom were in Class Ⅳ. In 2011, 
Elliott et al[11] showed that salvage GKRS with repeat re-
section for rGBM patients resulted in 26.1 mo survival. 
This longer than average survival could be due, in part, to 
the relatively small volume tumors which were selected: 
median 1.35 mL (range, 0.37-6.2 mL).

There were two other studies which compared me-
dian overall survival outcomes to the RPA Classes of  
their patients: Hsieh et al[24] and Pouratian et al[25] reported 
16.7 and 17.4 mo survival, respectively. Pouratian et al[25] 
showed that their patients who had GKRS as salvage 
had significantly longer survival than those who received 
upfront GKRS therapy and the group which received the 
greatest benefit were patients in RPA Class Ⅲ. Contrarily, 
the study conducted by Hsieh et al[24] found that patients 
in Class Ⅵ received the greatest survival benefit. It is 

Table 3  Salvage treatment modalities and details for recurrent glioblastoma multiforme

Ref. rGBM patients Margin GK dose (range) Gy Salvage resection Salvage radiotherapy Salvage chemotherapy

Skeie et al[9] 32 12.2 (8-20) None 19 EBRT 3 Temo, 15 PCV
19 All GTR 12 EBRT 1 Temo, 6 PCV

Park et al[10] 11      16 (13-18) 2 debulking None All BZ (9 w/irinotecan, 1 w/Temo)
44      15 (10-20) 7 resection 1 EBRT 19 patients (no BZ)

Koga et al[28]   9                       20 NR NR NR
  9 Extended field, 20 NR NR NR

Elliott et al[11] 16      15 (12-18) 14 GTR, 2 NTR NR NR
Pouratian et al[25] 26         6.0 (3.0-15.0) NR NR NR
Kida et al[21] 54 14.7 (8-25) NR NR NR
1Kong et al[23] 65      16 (12-50) NR NR 13 Temo or PCV
Kohshi et al[22] 11 22 (18-27) in 8 fractions

followed by HBO therapy
2 patients NR NR

Hsieh et al[24] 26                       12 NR NR NR

1Kong et al[23] (2008) includes data from 0-5 cases treated with LINAC. rGBM: Recurrent glioblastoma multiforme; GK: Gamma knife; HBO: Hyperbaric oxy-
gen; GTR: Gross total resection; NTR: Near-total resection; EBRT: External beam radiation therapy; Temo: Temozolomide; PCV: Procarbazine, lomustine, 
and vincristine; BZ: Bevacizumab; NR: Data not reported or not segregated for rGBM patients.

Table 4  Outcomes following Gamma Knife salvage therapy for recurrent glioblastoma multiforme

Ref. rGBM patients Med. survival from Progression-free Median survival Time to recurrence, Local tumor ARE

diagnosis (mo) survival after GK salvage (mo) post-GK (mo) control
Skeie et al[9] 32 18.0 (95%CI: 16.7-30.8) NR   9 (95%CI: 8.7-14.9) 6 18.8% 9.80%

19 
(salvage GTR)

21.0 (95%CI: 21.2-55.9)   15 (95%CI: 12.8-40.4)

Park et al[10] 11
(salvage BZ)

33.2 (95%CI: 23.7-42.7) 14.9 (95%CI: 6.5-23.3) 17.9 (95%CI: 10.1-25.7) All 6 tumors > 10 mL: 5.9 
(95%CI: 1.8-10.0) 1 of 5 

tumors < 10 mL: 9.5

NR 9.00%

44 26.7 (95%CI: 21.8-31.6) 6.7 (95%CI: 5.6-7.8) 12.2 (95%CI: 8.1-16.3) 19 of 21 tumors > 10 mL: 
5.1 (95%CI: 4.0-6.2) 

21 of 23 tumors < 10 mL: 
8.3 (95%CI: 4.2-12.4)

NR    46%

Koga et al[28]   9  24.0 (range, 14-57) NR 10.5 (range, 3-29) NR 47.0% 5.90%
9 (EF GK)  21.0 (range, 15-51)      9 (range, 6-27) 93.0% 28.6%

Elliott et al[11] 16  26.1 NR    13 (range, 2.5-37.2) NR NR 18.8%
Pouratian et al[25] 26  17.4 (95%CI: 14.4-20.4)   7.1 (95%CI: 2.9-11.3)   9.4 (95%CI: 7.9-10.9) NR NR   0.0%
Kida et al[21] 54  27.0 NR 14.0 NR NR NR
1Kong et al[23] 65  23.0 (95%CI: 16.2-29.3)   4.6 (95%CI: 4.0-5.2)   13 (95%CI: 10.6-16.0) NR NR NR
Kohshi et al[22] 11  21.0 (95%CI: 16-26) NR    11 (95%CI: 4-12) NR NR 18.0%
Hsieh et al[24] 26  16.7 NR    10.0 NR NR NR

1Kong et al[23] (2008) includes data from 0-5 cases treated with LINAC. rGBM: Recurrent glioblastoma multiforme; GK: Gamma Knife; ARE: Adverse radia-
tion effects; GTR: Gross total resection; BZ: Bevacizumab; NR: Data not reported or not segregated for rGBM patients.
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ment, length of  progression-free survival, and time to 
repeat tumor recurrence post-GKRS salvage.

Median overall survival post-GKRS salvage ranged 
from 9-17.9 mo, and was reported for all nine of  these 
studies (n = 322 patients)[9-11,21-25,28]. Longer survival was 
associated with a combination salvage treatment of  be-
vacizumab[10], or repeated surgical treatment[9]. Those pa-
tient cohorts with a shorter post-salvage survival did not 
use these combined therapies, used a lower radiation dose 
for GKRS salvage, or did not report any information for 
other modes of  rGBM salvage therapy[9,22,24,25,28].

Three of  these studies reported progression-free 
survival data following salvage GKRS for their rGBM 
patients, which might be useful in counseling a patient on 
their treatment options[10,23,25]. Park et al[10] described 6.7 
mo progression-free survival in the 44 patient cohort re-
ceiving GKRS salvage compared to 14.9 mo progression-
free survival in the 11 patients who received GKRS + 
bevacizumab salvage (P = 0.035). Kong et al[23] reported 
only 4.6 mo median progression-free survival following 
GKRS salvage while their patients demonstrated promis-
ing median overall survival of  23 mo. Unfortunately, many 
of  the other patient characteristics, treatment histories, 
and prognostic factors that they reported were grouped 
together with Grade Ⅲ gliomas. This makes it difficult 
to independently assess their rGBM patient population. 
Lastly, the smaller dosage GKRS study by Pouratian et al[25] 
showed median progression-free survival of  7.1 mo.

Only two of  the reviewed studies reported the time to 
tumor recurrence following GKRS salvage[9,10]. Predict-
ing the timeline of  a second recurrence could be helpful 
in planning later salvage options. Skeie et al[9] indicated 
that the second recurrence was at a median of  6 mo 
after GKRS compared to 2 mo following repeat resec-
tion without GKRS (P = 0.009). The study by Park et 
al[10] found that the pattern of  recurrence was dependent 
upon initial tumor volume. The tumors which were larger 
than 10 mL tend to recur in approximately 6 mo while 
smaller tumors did not recur until around 9 mo indepen-
dent of  the addition of  bevacizumab treatment[10].

Factors contributing to outcomes
Due to the infiltrative nature of  GBM, most tumors will 
recur locally, within 4 cm from the original resection 
bed[12]. In the hope of  stopping or delaying this progres-
sion, it is important to develop a treatment strategy that 
will achieve local control. Skeie et al[9] assessed 98 of  their 
treated patients and found that 18.8% of  those treated 
with salvage GKRS achieved local control compared to 
only 2.0% of  those receiving repeat resections only (P = 
0.032). Koga et al[28] demonstrated 93% local control in 
their patients who received 20 Gy to a 0.5-1.0 cm extend-
ed field GKRS compared to 47% of  patients who were 
treated with 20 Gy to the gadolinium-enhancing margin 
only.

Other strategies for delaying progression of  GBM in-
clude radiosensitization methods such as bevacizumab[10], 
chloroquine[29], or hyperbaric oxygen therapy[22]. If  the tu-

mor tissue can be sensitized to radiation, it may be possi-
ble to prescribe a smaller dose of  radiation while achiev-
ing the same therapeutic effect and reducing adverse side 
effects. This could open up GKRS salvage to a wider pa-
tient population: those with larger volume tumors and/or 
tumors in close proximity to eloquent brain areas (e.g., 
basal ganglia, optic chiasm, and brainstem). Kohshi et al[22] 
used hyperbaric oxygen therapy combined with fraction-
ated GKRS as salvage in an effort to sensitize the tumor 
while reducing adverse effects of  radiation, resulting in a 
median survival of  21 mo in their rGBM patients. There 
has not yet been a randomized clinical trial to test these 
results so the benefits remain theoretical.

Barriers to effective GKRS salvage
Radionecrosis or radiation induced edema present a chal-
lenge for repeat conformal radiation treatment as well as 
aggressive GKRS salvage. In the studies reviewed, the 
highest rates of  symptomatic radiation side effects were 
associated with the highest prescribed GK dose to the 
tumor margin. Koga et al[28] reported adverse radiation 
effects in 28.6% of  patients who received 20 Gy to the 
extended margin, this suggests that achieving improved 
local tumor control may come with an increased risk of  
side effects. Park et al[10] demonstrated that bevacizumab 
not only prolonged survival but also reduced detectable 
adverse radiation effects from 46% to 9% (P = 0.037). 
Two studies reported 0% radiation side effects in their 
patients: Pouratian et al[25] used a median margin dose of  
6.0 Gy while Kohshi et al[22] delivered 22 Gy in 8 fractions 
(2-3 Gy per fraction).

CONCLUSION
The benefits of  salvage GKRS for rGBM appear to be 
promising in a selected group of  patients. However selec-
tion bias is uncontrolled in these studies, and poses a sig-
nificant limitation in these retrospective studies. Without 
a randomized clinical trial, it is unclear whether these sal-
vage therapies truly prolong survival. A future random-
ized trial is necessary to demonstrate that radiosurgery 
is beneficial for rGBM. Future studies should evaluate 
which RPA Classes benefit most from salvage GKRS.

In our center, Gamma Knife of  spokane, each case 
of  rGBM undergoes a multi-disciplinary review followed 
by individualized treatment. Temozolomide and EBRT 
are used as upfront therapy and bevacizumab upon re-
currence of  GBM. When identifying patients for salvage 
GKRS via surveillance magnetic resonance imaging, 
treatment is typically offered to those with a KPS of  60 
or better, at any age. In patients who are candidates for 
GKRS, we typically treat rGBM to a marginal dose of  
16 Gy. The median tumor volume treated has historically 
been 16.2 cc (range 0.6-52.2 cc).
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