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Abstract Despite decades of clinical trials investigating
new treatment modalities for glioblastoma multiforme
(GBM), there have been no significant treatment advances
since the 1980s. Reported median survival times for
patients with GBM treated with current modalities generally range from 9 to 19 months. The purpose of the current
study is to retrospectively review the ability of CyberKnife® (Accuray Incorporated, Sunnyvale, CA, USA)
radiosurgery to provide local tumor control of newly
diagnosed or recurrent GBM. Twenty patients (43.5 %)
underwent CyberKnife treatment at the time of the initial
diagnosis and/or during the first 3 months of their initial
clinical management. Twenty-six patients (56.5%) were
treated at the time of tumor recurrence or progression.
CyberKnife was performed in addition to the traditional
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therapy. The median survival from diagnosis for the
patients treated with CyberKnife as an initial clinical
therapy was 11.5 months (range, 2–33) compared to
21 months (range, 8–96) for the patients treated at the time
of tumor recurrence/progression. This difference was
statistically significant (Kaplan–Meier analysis, P=
0.0004). The median survival from the CyberKnife treatment was 9.5 months (range, 0.25–31 months) and 7 months
(range, 1–34 months) for patients in the newly diagnosed
and recurrent GBM groups (Kaplan–Meier analysis, P=
0.79), respectively. Cox proportional hazards survival
regression analysis demonstrated that survival time did not
correlate significantly with treatment parameters (Dmax,
Dmin, number of fractions) or target volume. Survival time
and recursive partitioning analysis class were not correlated
(P=0.07). Patients with more extensive surgical interventions survived longer (P=0.008), especially those who
underwent total tumor resection vs. biopsy (P=0.004).
There is no apparent survival advantage in using CyberKnife in initial management of glioblastoma patients, and it
should be reserved for patients whose tumors recur or
progress after conventional therapy.
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Introduction
Despite decades of research investigating new treatment
modalities for glioblastoma multiforme (GBM), there have
been no significant treatment advances reflected in outcome
since the 1980s [12]. Conventional treatment programs,
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which include surgical resection, chemotherapy, external
beam radiation therapy, brachytherapy, or some form of
stereotactic radiosurgery (SRS), function as palliative
measures. Reported median survival times for patients with
GBM treated with combinations of these options generally
range from 9 to 19 months [6, 8, 14, 18, 28, 30, 38, 41, 43].
Although the pathogenesis of GBM is complex and
multiple factors may be responsible for the ultimate
outcome of treatment [39], an increased emphasis on local
tumor control has been recommended due to the fact that
the majority of patients develop local recurrences, often
within 2 cm of the initial tumor location [2, 17, 24, 44].
SRS has been explored as an option for treating GBM.
Gamma Knife® (Elekta AB, Stockholm, Sweden) and
linear accelerator (linac)-based systems are the two primary
systems for delivering SRS without surgical implantation of
radiation sources, e.g., brachytherapy. The Gamma Knife
system uses Cobalt-60 1.25-MeV radiation sources, and
linac-based systems typically use 6 MeV photons as the
radiation type [23, 25, 42]. While the CyberKnife® Radiosurgery System (Accuray Incorporated, Sunnyvale, CA,
USA) is also a linac-based system, far fewer studies exist
on its efficacy for GBM, due to this system's relatively
short history.
The CyberKnife System [1, 7] combines computercontrolled robotics with real-time image guidance to
provide high conformality without resorting to aggressive
fixation of the target, therefore offering an attractive option
for hypofractionated treatment. Because it allows local dose
escalation to surgically inaccessible or previously irradiated
areas with high precision, it may constitute a useful
alternative in treatment of GBM for select patients.
The appropriate timing and role of SRS in the treatment
of GBM as an upfront treatment option has been investigated using Gamma Knife SRS delivery systems. These
studies have suggested that Gamma Knife SRS is more
appropriate as a treatment option for recurrent tumors than
as an upfront radiosurgical boost [13, 18, 33, 41].
Therefore, we considered it important to retrospectively
review the efficacy of CyberKnife radiosurgery in the
treatment of newly diagnosed or recurrent glioblastoma
multiforme, as the outcome of these patients who had
undergone such treatment became available.

Methods
Patients
In order to compare the survival rate of patients treated with
CyberKnife either as radiosurgical boost after initial
treatment or at the time of tumor recurrence, we undertook
a retrospective study to review the cases of 46 patients
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treated between August 2002 and September 2005. Patients
were treated at the Rocky Mountain CyberKnife Center in
Boulder, CO, the Department of Neurosurgery at Stanford
University School of Medicine, and the Department of
Neurosurgery at Besta Neurological Institute in Milan,
Italy.
Patients with histopathologically verified diagnoses of
GBM were apportioned into newly diagnosed or recurrent
GBM patient groups. The former group included 20
(43.5%) patients that had had CyberKnife radiosurgery as
primary treatment intent or radiosurgical boost shortly after
surgery or surgery and standard fractionated radiotherapy
(external beam radiation therapy, EBRT). The recurrent
GBM group included 26 (56.5%) patients treated at the
time of tumor recurrence or progression. Timing of radiosurgery treatment was determined based on patients' clinical
status, personal preferences, or recommendations of the
treating physicians. Tumors in any location and treatment
volume less than 50 cm3 were considered for treatment.
The median time from the diagnosis to CyberKnife
treatment was 3 months (range, 1–3 months) and 13 months
(range, 5–89 months) for newly diagnosed and recurrent
tumors, respectively. Demographic and clinical patient
criteria are presented in Table 1. Overall, the only
statistically significant differences between the newly
diagnosed and recurrent GBM groups were the mean EBRT
dose they had received, which was higher in the recurrent
GBM group (P=0.001, t test) and the average recursive
partitioning analysis (RPA) class [11], which was higher in
the newly diagnosed GBM patient group and was statistically significant (P=0.025, t test).
There were 21 and 30 treated lesions, 11 (55%) and 15
(57.7%) gross-total resections, and five (25%) and nine (35%)
subtotal resections as initial clinical management in the newly
diagnosed and recurrent GBM patient groups, respectively.
The rest of the patients had undergone stereotactic biopsy.
Cyberknife treatment
A nonisocentric, individualized treatment plan was generated using contrast-enhanced axial computed tomography
(CT) images at 1.25 mm slice thickness, acquired along the
length of the skull and upper neck, from which digitally
reconstructed radiographs were derived to facilitate skull
tracking for stereotactic treatment guidance. In addition,
two separate acquisitions of postcontrast axial T1-weighted
magnetic resonance (MR) images and volumetric threedimensional T2-weighted images were three-dimensionally
fused with the planning CT scan. These were then
transferred to the CyberKnife workstation where the
visually detectable treatment target volume (excluding
edema) and its relations to surrounding critical structures
were outlined. For the patients who did not have an
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Table 1 Patient demographics

EBRT external beam radiotherapy,
RPA recursive partitioning
analysis
a

Mean values are presented with
ranges in parentheses

Patients (N)
Male/female ratio
Average agea
Total resection
EBRT
EBRT dose (Gy)a
Chemotherapy
Karnofsky scorea
RPA classa

enhancing tumor at the time of stereotactic radiosurgery
treatment, the surgical cavity was treated with at least a
5-mm margin. An inverse treatment planning method was
used to limit the maximum radiation dose delivered to such
critical structures as the optic chiasm or brainstem. The
CyberKnife system's treatment planning process was
previously described [10]. Treatment planning was carried
out using artificial anatomical tuning structures to constrain
the dose distribution and maintain tight conformality in the
dose gradient around the enhancing lesion between the 60%
to 10% isodose lines (Fig. 1a, b).
The radiation dose was prescribed to the 65–89%
isodose contour as normalized to the maximum dose
(median 76%; Table 2). Other radiosurgical treatment
parameters are detailed and summarized in Table 2. There
were no statistically significant differences in radiosurgical
treatment parameters between the groups.
For treatment, the patient was placed in the treatment
position wearing a custom-made immobilization mask. The
system acquired orthogonal X-rays which were registered
to the radiographs reconstructed from pretreatment CTs.
Computations required to bring the images into alignment
Fig. 1 a Treatment planning for
GBM primary tumor.
b Treatment planning for
recurrent GBM

Newly diagnosed

Recurrent

Total

20
13/7
61.3 (27–81)
11 (55%)
15 (75%)
54 (40–60)
15 (75%)
82 (60–100)
4.5 (3–6)

26
18/8
56.4 (36–82)
15 (57.7%)
26 (100%)
60 (50–63)
25 (96%)
84 (50–100)
3.9 (3–6)

46
31/15
58.5 (27–82)
26 (56.5%)
41 (89%)
58 (40–63)
40 (87%)
83 (50–100)
4.2 (3–6)

were communicated to the treatment table to adjust the
patient's position to match the pose of the patient during
simulation. Skull tracking was performed every five beams
throughout treatment delivery to ensure maintenance of
optimal position. Treatment was delivered by a linear
accelerator mounted on a robotic arm. On average, more
than 100 nonisocentric beams were used to irradiate a
single target stereotactically, with exceptional homogeneity
within the target volume [45]. Patients who were on
prophylactic corticosteroid prescription prior to their treatment were kept on their medication, and those who were
not were administered corticosteroids posttreatment to
relieve or prevent potential edemas.
Clinical outcome evaluation
Clinical and neurological evaluations were performed every
3 months with imaging obtained to assess local tumor
response (Fig. 2a, b). Information regarding patient outcomes was obtained from charts, or if this was not
available, the referring oncologist was contacted to obtain
the information or the time and cause of death.
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Table 2 Radiosurgical
treatment parameters

Median values are presented
with ranges in parentheses
Dmax maximal dose, Dmin
minimum marginal dose

Target volume (cm3)
Prescribed isodose (%)
Dmax (Gy)
Dmin (Gy)
Fractions
Collimator diameter (mm)

Statistical analysis
The main endpoint of this study was to compare survival in
the newly diagnosed and recurrent GBM patient groups
(Kaplan–Meier test). The secondary endpoint was to analyze
demographic, clinical, and radiosurgical treatment-related
variables and identify those that may predict longer survival
(Cox proportional hazards survival regression analysis).
Two-sample t test was used to analyze the distributions
between the two groups.

Results
The median survival from diagnosis for the patients treated
with CyberKnife as an initial clinical therapy was
11.5 months (range, 2–33) compared to 21 months (range,
8–96) for the patients treated at the time of tumor
recurrence/progression (Fig. 3). This difference was statistically significant (Kaplan–Meier analysis, P=0.0004).
Only one patient (33 months survival) was alive in the
newly diagnosed and two (19 and 28 months survival) in
recurrent GBM patients at the time of the last follow-up.
The median survival from the CyberKnife treatment was
9.5 months (range, 0.25–31 months) and 7 months (range,

Fig. 2 a Pretreatment MRI with
contrast. b Posttreatment MRI
with contrast

Newly Diagnosed

Recurrent

Overall

5.8
74.9
27.6
20
1
15

7.0
77.7
25.8
20
2
12.5

7.0
76.0
26.7
20
1.5
15

(0.7–47.3)
(66.1–89.0)
(16.9–36.9)
(12–25)
(1–5)
(4.5–25)

(0.4–48.5)
(65.0–88.0)
(11.4–36.8)
(8–25)
(1–5)
(7.5–30)

(0.4–48.5)
(65.0–89.0)
(11.4–36.9)
(8–25)
(1–5)
(4.5–30)

1–34 months) for patients in the newly diagnosed and
recurrent GBM groups (Kaplan–Meier analysis, P=0.79),
respectively.
Cox proportional hazards survival regression analysis
was performed to analyze potential prognostic factors that
may have influenced this difference in length of survival. It
demonstrated that none of the parameters such as the
demographic factors, radiosurgical treatment parameters
(Dmax, Dmin, number of fractions) or target volume, were
predictive of longer survival.
The only other factor examined was the extent of
surgical interventions, which had a significant effect on
survival time (P=0.008), especially for patients who
underwent biopsy vs. total tumor resection (P=0.004).
Patients who underwent biopsy only had a median survival
of 6 months (range, 5–20 months) compared to patients
who had gross total resection with a median survival of
21 months (range, 8–96 months). There was no significant
difference between the patients treated initially vs. at
recurrence in the extensiveness of surgical interventions.
As mentioned above, RPA class was lower in the
recurrent GBM group and although a strong tendency was
observed for prediction (P=0.07), its effect on survival was
not statistically significant. Likewise, EBRT doses were
significantly different (P=0.001), with patients in the
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SRS treatment (P=0.0001). Twelve patients in this group
had total gross resection and two patients had subtotal
resection. The median time to CyberKnife treatment was
14 months (range, 1–89 months) for this subgroup of
patients and 3 months (range, 1–16 months) for the
remaining patients.

Newly Diagnosed
Recurrent

80
60
40

Discussion

20
0
0

20

40

60

80

100

Time (months)
Fig. 3 The median survival from diagnosis for the patients treated
with CyberKnife as an initial clinical therapy vs. for the patients
treated at the time of tumor recurrence/progression

recurrent GBM group that were treated with higher
radiation doses. However, this difference was not predictive
of survival (P=0.2).
We also analyzed two groups of select patients who in
our opinion benefited from stereotactic radiosurgery as
primary or adjuvant treatment. There were five patients in
the newly diagnosed GBM group who elected to not have
EBRT and four out of them did not have chemotherapy
either. Only one patient had total surgical resection, one
biopsy was performed, and three patients had undergone
subtotal resection. All these patients were treated with
CyberKnife radiosurgery at 1 to 2 months from diagnosis.
There were no statistically significant differences between
this subgroup and the rest of the patients in the newly
diagnosed GBM patient group, although they were slightly
older (70.4 years; range, 58–81) and had lower average
Karnofsky score (76, range 60–100), a higher RPA class
(4.8, range 4–6), and larger tumors (9.2 cm3; range 2.6–
47.3 cm3). This subgroup of five patients in the newly
diagnosed GBM group had a median survival of 9 months
(range, 2–33).
In addition, we analyzed another group of patients that
survived 24 months or longer from the time of diagnosis.
There were 14 patients in this group, five women and nine
men. The average age was 58.9 years (range, 42–82 years).
The median survival was 32 months (range, 24–96 months).
There were no statistically significant differences in regards
to age, RPA class, or radiosurgical treatment parameters
between this subgroup and the rest of the patients, although
it is worth noting that the median treatment volume was
comparably smaller and measured at 3.5 cm3 (range, 0.9–
47.3 cm3). When Cox proportional hazards survival
regression analysis was performed to analyze factors that
may have influenced this difference, the only factors were
the extent of surgical interventions (P=0.02) and time to

The results of the present study may be most relevantly
compared to the results of Gamma Knife studies, as the aim
of both procedures is local tumor control achieved through
noninvasive delivery of radiation. Gamma Knife stereotactic radiosurgery delivers conformal radiation to lesions
using stereotactic head frames attached to the skull with
screws, so it may not be considered an entirely noninvasive
procedure.
In general, our results concur with the previously
published Gamma Knife reports regarding the appropriate
timing of SRS [13, 15, 33, 41]. It is not surprising that
CyberKnife in addition to EBRT does not prolong survival
of patients with newly diagnosed GBMs, because a highly
malignant tumor theoretically should not require high doses
achieved with SRS. We were not able to demonstrate any
survival advantage for newly diagnosed GBM patients
treated with CyberKnife, but considering the dismal success
rate of the current multimodality treatment for GBM,
CyberKnife radiosurgery as the primary and only treatment
option for selected GBM patients deserves to be explored
further. Although only five patients received radiosurgery
as primary monotherapy, too few to make definite conclusions, it is noteworthy that their median survival time
was comparable to that reported in the literature [36].
Survival times for patients who have undergone no
treatment or only one conventional mode of treatment with
any other treatment alone average at only 3 months [19, 27,
31, 34]. SRS can be offered as an option to patients who
reject an extensive surgical procedure or who cannot
tolerate radiation or decide against it. CyberKnife radiosurgery as a noninvasive and palliative option that does not
require significant time commitment or cause many side
effects may be the most suitable alternative in such cases.
Therefore, CyberKnife treatment in place of conventional
EBRT may provide comparable outcomes in significantly
shorter treatment times, which is important in these
terminally ill patients.
Future developments of SRS for glioma treatment should
be focused on improving targeting and overcoming limitations of imaging techniques, which guide tumor targeting
during treatment planning. Given that local recurrences of
GBM occur even after aggressive multimodal treatment
regimens, it is clear that infiltrative tumor cells are left

422

untreated [3, 4, 15, 20, 22]. CT or MRI, often utilized in
conjunction with one another, are the most common
imaging techniques used for treatment planning. A significant limitation of both CT and MRI is that contrast
enhancements are not necessarily indicative of tumor, as
necrosis and edema are often indistinguishable from
contrast enhancements due to the tumor per se. Thus,
adding metabolic imaging alongside CT and MRI may help
to distinguish tumor from necrosis or edema and more aptly
guide treatment planning. Miwa et al. [26] investigated the
extent of the overlap in tumor volumes in GBM patients
using metabolic imaging (11C-methyl methionine accumulation in positron emission tomography) and gadolinium
enhanced T1-weighted MRI. In a series of ten patients, the
metabolic imaging tumor area was found to be larger than
the MRI tumor area in all patients. In these patients, the
MRI area encompassed only 58.6% of the metabolic area
on average. Similarly, Chan et al. [5] recently performed a
study that compared GBM tumor volumes delineated by
proton magnetic resonance spectroscopy metabolic imaging
studies and T1-weighted MR imaging-derived radiosurgical
target volumes for Gamma Knife SRS treatment of primary
and recurrent GBM. The authors demonstrated that 12 of
the 26 patients had less than a 50% overlap of tumor
volume and treatment volume according to the two imaging
methods. Patients whose imaging studies had more than
50% overlap were found to have a significantly longer
median survival time (15.7 months) than those who lacked
50% overlap (10.4 months). Both of these studies suggest
that metabolically active tumor cells consistently evade
detection by conventional imaging strategies. Further, the
fact that incorporation of metabolic imaging into Gamma
Knife SRS treatment planning was found to be beneficial to
patient survival may suggest that metabolic imaging studies
could be useful for planning CyberKnife SRS as well.
Several clinical factors should be considered while
evaluating reported survival times after SRS. In an effort
to identify pretreatment prognostic variables that affect
survival rates in GBM patients, Curran et al. [11] developed
the RPA classification. The validity of RPA classification
was confirmed by a later study [37], and survival times are
often reported for patient groups in terms of these
prognostic classes [18, 21, 23, 35]. When we stratified
our patients according to RPA class, the difference between
newly diagnosed and recurrent GBM patient groups was
statistically significant. The relation between lower RPA
class and longer survival times approaches significance.
The extent of surgical intervention was also predictive of
longer survival in our study, which had been previously
demonstrated in GBM patients [9, 16]. It is unknown to
what extent these factors have influenced the results of our
study. As with any retrospective review, selection bias may
also have played a role. Roberge and Souhami [33] have
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suggested that any apparent survival improvement in
reported SRS phase I–II trials may be attributable to patient
selection. However, even the best patient selection method
that is based on clinical criteria only cannot entirely
eliminate this problem. The invasive nature and extension
of glioma cells through neural axes are predisposed by the
underlying molecular genetics [32, 40]. The development
of classifications based on the defined molecular profiles
[29, 32] may better predict survival and thus contribute to
an improved treatment decision-making process. Until new
biologic strategies are in place to conquer this genetically
coded information, efforts should be focused on rationally
and individually designing treatment protocols customized
to a patient's prognosis.
The fact that survival time was longer for the patients
treated at the time of tumor recurrence was related to
patient selection bias inadvertently associated with retrospective nature of the study. On the other hand, the
subgroup of 14 patients were treated with SRS at the
median time of 14 months and, in our opinion, benefited
from all the aspects of this multimodal treatment. CyberKnife effectiveness as radiosurgical boost in select patients
should be explored further in a prospective clinical study
designed to control for multiple variables, based on the
results of this retrospective study and considering that
mainly two variables (the extent of surgical resection and
timing of SRS) were predictive of longer survival time.

Conclusion
There is no apparent survival advantage in using CyberKnife in initial management of GBM patients. The present
data suggest that it should be reserved for patients
manifesting with local tumor recurrence/progression after
conventional therapy.
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Comments
Oliver Bozinov, Zurich, Switzerland
Villavicencio et al. report in detail a multicenter study of a small
series of patients with the diagnosis of glioblastoma multiforme or its
recurrence or progression after initial treatment and their survival rates
after CyberKnife procedures. The conclusion that there is no apparent
survival advantage in using CyberKnife in initial management of GBM
patients is correctly drawn and important. There is also no disadvantage in
using CyberKnife as a secondary option after this tumor recurs. However,
the longer survival time for patients treated at the time of tumor recurrence
(in a very small group) is certainly related to patient selection (as in almost
all other recurrence studies), and therefore, further prospective studies
should be done to compare CyberKnife and other modalities in
recurrences to conclude possible advantages or disadvantages. This
article demonstrated that radiation treatment avoids significant fixation
methods compared to Gamma Knife. It is not significant for this study,
but all presented tumors (by imaging) can be resected completely with
adequate intraoperative imaging. Anyway, this paper is short, interesting,
and noteworthy; therefore, the authors should be commended for their
results and presentation.

