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Abstract Purpose To determine the radiographic and
clinical efficacy of stereotactic single dose radiosurgery
(SRS) and fractionated stereotactic radiotherapy (FSRT) as
salvage therapy for glioblastoma (GBM) at recurrence.
Methods Thirty-six patients with pathologically proven
recurrent GBM were treated with salvage reirradiation by
either SRS or FSRT between March of 2001 and August of
2006. Thirty-one patients had an initial diagnosis of GBM.
Five patients had a malignant transformation. All patients
had received radiotherapy with a dose of 50-60 Gy, a
median 13.6 months prior to reirradiation (range: 0.8—
119 months). At the time of recurrence, 26 patients were
treated with SRS with a median dose of 18 Gy (range: 12—
20 Gy). FSRT was performed in ten patients with a dose of
36 Gy in six fractions, twice weekly. Follow-up included
MRI and clinical examination every 2 months. Results
Median survival time after SRS was 8.5 months, compared
to 7.4 months after FSRT (P = 0.81). Of 26 patients treated
with SRS, radiographic tumor response or stable disease
was observed in eight (35%) patients and tumor progression
was seen in 18 (65%) patients. Of 10 patients treated by
FSRT, radiographic tumor response or stable disease was
observed in four (40%) patients and tumor progression was
observed in four (40%) patients (two lost to follow-up).
Patients who responded to treatment had statistically
improved survival compared to non-responders, with med-
ian survival of 15.8 vs. 7.3 months (P < 0.05). Conclusion
Salvage reirradiation with SRS or FSRT for recurrent GBM
results in radiographic response in a proportion of patients.
Survival was significantly improved among patients who
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either responded or had stable disease after salvage reirra-
diation, compared to non-responders. Further study is
warranted to investigate the method and time of reirradia-
tion for recurrent GBM.
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Introduction

Standard treatment of glioblastoma (GBM) consists of sur-
gical resection followed by adjuvant treatment using
radiotherapy and chemotherapy. With the recent advance-
ment in treatment, tumor control and survival have improved
significantly with the use of temozolomide and radiation
therapy [1]. Despite improvement in combined modality
treatment, nearly all patients develop tumor recurrence at the
site of primary tumor where maximum surgical resection and
high dose radiation therapy was delivered [2—4]. This poses a
challenge for further treatment of recurrent disease. While
surgical resection can reduce the tumor burden, only a subset
of patients with recurrent GBM may be surgically resectable.
In addition, the infiltrative nature of disease, which requires a
more aggressive resection, increases the probability of sur-
gery-related side effects [5].

Various second line chemotherapy regimens and targeted
agents have also been utilized with limited success. Recent
use of bevacizumab and irinotecan have demonstrated effi-
cacy in delaying tumor recurrence, and thus have been
widely used as the second line therapy for recurrent GBM [6,
7]. However, tumor progression and failure inevitably occurs
in the primary disease site or vicinity. Conventional frac-
tionated radiation therapy using 3-dimensional or intensity-
modulated radiation technology, either alone or combined
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with chemotherapy is limited due to the relatively low dose
of radiation and associated long term neurotoxicity [8]. Ra-
diosurgical techniques, however, utilize image guidance and
improved immobilization thus allowing smaller target vol-
umes, reducing the dose to normal brain tissue [9].
Reirradiation can be useful for well-localized recurrent
tumors enabling delivery of a high dose of radiation with
potential to achieve local tumor control.

The experience of reirradiation with radiosurgery for
recurrent GBM is limited. At our institution, we have
performed Single Fraction reirradiation (SRS) and Frac-
tionated Stereotactic Radiation Therapy (FSRT) in selected
patients with relatively well defined recurrent tumors as
visualized on imaging studies. In this study we report the
results of radiographic response and overall survival in
patients with recurrent GBM treated using SRS or FSRT.

Materials and methods
Patients

The Henry Ford stereotactic radiosurgery database was
reviewed for patients treated for recurrent GBM identified
on neuroimaging between March 2001 and August 2006. A
total of 51 patients were treated with either SRS or FSRT.
We excluded 15 patients due to incomplete medical
information, loss to follow up, or receipt of palliative
fractionated conventional radiotherapy. We analyzed data
from the remaining 36 patients who were treated with SRS
or FSRT to the contrast enhancing tumor seen on the MRI.
Of these 36 patients, 26 (72%) were treated with SRS and
10 (28%) were treated with FSRT. The medical record was
reviewed to obtain patient Karnofsky Performance Score
(KPS), age at diagnosis, and location of tumor at recur-
rence. Pathology slides of patients whose initial tumor
resection occurred at an outside institution were reviewed
and confirmed by the neuropathologist at our institution.

All patients were initially treated with a combination of
surgery, chemotherapy and radiation therapy. Patients who
underwent definitive treatment within the Henry Ford Health
System were followed with clinical examination and neuro-
imaging studies every 2 months. Patient findings were
reviewed at the multidisciplinary brain tumor board. Treat-
ment of recurrence included judicious use of surgery,
chemotherapy and radiation. In particular, patients were
considered for various phase I trials through New Approaches
to Brain Tumor Therapy (NABTT) [10]. Whenever possible,
surgical resection was attempted to reduce tumor burden at
recurrence. All patients received chemotherapy either prior to
or after salvage radiation therapy. However, no chemotherapy
was given concurrent with salvage SRS or FSRT.
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Frame-less image-guided SRS/FSRT

Immobilization was achieved using thermoplastic mask.
Simulation CT (Phillips, Cleveland, OH) with intrave-
nous contrast was obtained with 2-3 mm slice thickness.
Stereotactic localization box and ExacTrac image guid-
ance system (BrainLab Inc, Heimstetten, Germany) were
used to associate the treatment isocenter with the ste-
reotactic coordinator system determined by the fiducial
lines. The isocenter position was defined for each
patient. The simulation CT images were transferred to a
dedicated treatment planning computer system (Brain
Scan 5.3). Both T1 (with gadolinium) and T2 FLAIR
MRI images were fused with the simulation CT images
using an automatic fusion algorithm. The reirradiation
target volume for radiosurgery was defined as the gad-
olinium contrast-enhancing tumor shown on T1 weighted
MRI. These tumors were treated with SRS to a median
dose of 18 Gy (range: 12-20 Gy). The size of the target
volume and the location of the lesion along with the
proximity to critical structures were taken into account
to determine SRS versus FSRT treatment. Critical nor-
mal tissues were contoured including the optic chiasm,
optic nerves, fornix, and brainstem. When there was a
rapid increase in FLAIR imaging signal, this was also
taken into consideration and patients were treated with
FSRT. The area of FLAIR signal change was not
included in the radiosurgery target volume. Stereotactic
treatment planning was achieved by using either five
dynamic conformal arcs or six to nine intensity-modu-
lated non-coplanar beams to minimize dose to critical
organs [11].

Radiation dose was prescribed to the 90% isodose line.
The prescribed dose for reirradiation was chosen with
respect to prior radiation volume, total dose, and interval
between treatments. The prescribed reirradiation dose was
evaluated in relation to the final radiation isodose distri-
bution. Once all the requirements were met, the patient was
brought to the treatment room.

The patient was first positioned using the thermoplastic
mask based stereotactic localization box. The ExacTrac
image guidance system was used to finally adjust the
patient position [12]. The ExacTrac system used a six
degree of freedom image fusion algorithm to automatically
register the simulation CT images through various digitally
reconstructed radiographs to the set of stereoscopic images
obtained on the treatment table. Before delivery of radia-
tion treatment, orthogonal portal films were obtained for
final position verification as part of the patient-specific
quality assurance program of the irradiation treatment.
Patients were maintained on steroids prior to treatment and
slowly tapered thereafter.
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Statistics

The primary endpoint was median survival after salvage
radiation therapy, which was measured from the comple-
tion day of SRS or FSRT to death. Patient medical records
and the Social Security Death Index were used to assess
vital status during the follow-up period. A secondary
endpoint was imaging progression on MRI as defined by
the neuroradiologist. In cases where tumor progression
versus necrosis was equivocal, MR spectroscopy and per-
fusion CT were obtained to aid in differentiating the MRI
findings. Univariate and multivariate analysis were used to
examine relationships of variables such as age, KPS, tumor
volume, extent of resection, and SRS or FSRT with sur-
vival. Survival functions were estimated using the Kaplan—
Meier method. Log-rank tests were used to assess the sta-
tistical significance of differences in survival between
groups. All patients had at least 6 months of follow-up. For
survival analysis purposes, death was considered an event,
and patients who were alive at the end of the follow-up
period were censored. Statistical analyses were performed
using SAS version 9.0 (SAS Institute, Inc., Cary, NC).

Results
Patient and treatment characteristics at initial diagnosis

There were a total of 36 patients with 22 males and 14
females. Thirty-one patients (86%) had biopsy-proven
GBM at initial diagnosis. The remaining five patients (14%)
had biopsy proven malignant transformation from the initial
diagnoses of anaplastic astrocytoma (n = 1), anaplastic
oligodendroglioma (n = 2), and low grade glioma (n = 2).
The median age of patients initially diagnosed with GBM
was 57 years (range: 25-70). Among those patients who
had a malignant transformation, the median age at diagnosis
was 39 years (range: 29-68). Initial treatment included
surgical resection and radiotherapy. Gross total resection
was performed in 12 patients (33%), subtotal resection in 22
(61%), and biopsy in 2 (6%). All patients received adjuvant
radiotherapy (50-60 Gy). Chemotherapy was given to 33
patients. The most common regimens included: temozolo-
mide; carmustine; oxaliplatin; irinotecan; and procarbazine,
lomustine, and vincristine (PCV). The most common site of
recurrence was in the temporal lobe and corpus callosum.

Patient and treatment characteristics at recurrence

The median interval between primary radiation therapy and
recurrence was 13.6 months (range: 0.8-119). In the SRS
group, the time from primary radiation to reirradiation was
12.5 months (range: 0.77-119), compared to 14.9 months

(range: 3.7-31.2) in the FSRT group. The patient charac-
teristics at the time of recurrence are summarized in
Table 1. For the treatment of recurrent tumor, gross total
resection was performed in three patients (8%), subtotal
resection in 14 (39%), and biopsy in 1 (3%) and no surgical
procedure was performed in the remaining 18 patients
(50%). The reirradiation target volume was the most
important factor determining whether patients received
SRS (n = 26) or FSRT (n = 10). The median target vol-
umes were 10.4 ml (0.3-60.1) in the SRS group versus
51.1 ml (16.1-123) in the FSRT group (P < 0.01). There
was no difference in survival based on tumor volume
(P =0.47).

While chemotherapy was not given concurrently during
SRS or FSRT, all patients were subsequently treated with
various agents such as irinotecan, erlotinib, bevacizumab,
carmustine, lomustine, and temozolomide.

Radiographic tumor response, including stable appear-
ance, was seen in 12 patients (33%), whereas 22 patients
(61%) had imaging progression. The response was unknown
in two patients (6%). Tumor control was seen in 31% of
patients in the SRS group and 50% in the FSRT group
(Table 2). There was no statistical difference between
response in either FSRT or SRS group (P = 0.29). However,
the tumor response was an important factor determining the

Table 1 Patient and treatment characteristics at recurrence

Characteristic SRS (n = 26) FSRT (n = 10)

Interval between primary radiation therapy and reirradiation (months)

Median 12.5 14.9

Range (0.8-119) (3.7-31.2)
Age

Median 53 44

Range (25-70) (28-60)
Karnofsky performance score

Median 80 90

Range (50-100) (70-90)
Site of recurrence

Frontal 4 (15%) 2 (20%)

Parietal 2 (8%) 2 (20%)

Temporal 10 (38%) 3 (30%)

Occipital 3 (12%) 0 (0%)

Corpus callosum 6 (23%) 3 (30%)

Cerebellum 1 (4%) 0 (0%)
Tumor volume (ml)

Median 10.4 51.1

Range 0.3-60.1 16.1-123.3
Extent of resection

Biopsy only 0 (0%) 1 (10%)

Subtotal resection 10 (38%) 4 (40%)

Total resection 1 (4%) 2 (20%)
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Table 2 Imaging response and survival after SRS/FSRT

Characteristic SRS FSRT P value
Median survival (months)
From diagnosis 24.4 24.1 0.47
From salvage 8.4 7.5 0.42

Imaging response
8 (31%)
18 (69%)

4 (50%) 0.29
4 (50%) 0.20

Response or stable disease

Progression

0.8 -

06

Proportion

0.4

0.2

0 10 20 30 40
Survival in Months

Fig. 1 Survival in patients with imaging response versus progression

survival after reirradiation. The median survival of
responders was 15.8 months, compared to 7.3 months in
non-responders (P < 0.05). This is illustrated in Fig. 1.

In general, patients tolerated treatment well with limited
toxicity. Two patients in the SRS group at imaging

Image 1 57-year-old patient with recurrent glioblastoma of the right
temporal lobe anterior to the surgical resection cavity. The targeted
volume was 12.3 ml. The patient was treated with SRS to a dose of
18 Gy prescribed to the 90% isodose line
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Image 2 44-year-old patient with recurrent glioblastoma of the right
temporal lobe. The targeted volume was 123.3 ml. The patient was
treated with FSRT to a dose of 36 Gy in six fractions prescribed to the
90% isodose line due to the large tumor volume and close proximity
of critical structures

progression were found to have necrosis at the time of
resection. One patient underwent subtotal resection 3 months
after salvage SRS and another had biopsy 2 months after
treatment. The final pathology revealed mixed tumor and
necrosis. In the second patient who underwent biopsy, only
necrosis was visualized in the specimen. In the FSRT group,
one patient’s biopsy specimen revealed mixed residual tumor
and necrosis 11 months after salvage treatment.

The median overall survival from the initial diagnosis in
the SRS group was 24.4 months compared to the median
survival of 24.1 months in the FSRT group (P = 0.47).
The median survival after salvage SRS was 8.4 months,
and that of FSRT was 7.4 months (P = 0.42).

Discussion

The salient finding of this study is that survival was signifi-
cantly improved among patients who either responded or had
stable disease after salvage reirradiation. Radiographic tumor
response to SRS and FSRT by MRI was a useful predictor of
clinical course. Our finding of inferior survival in treatment
non-responders is similar to the results of RTOG 90-06
which reported poorer survival in those with imaging pro-
gression. They found no difference in survival amongst
patients who had stable disease, partial response or complete
response [13]. Other investigators have also demonstrated
that imaging after treatment is predictive of clinical outcome
[14]. Although MRI is the most reliable radiographic
investigation at follow-up, evaluation is not always
straightforward. Due to the development of changes from
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radiation treatment, it often becomes difficult to distinguish
true tumor progression from radiation effect. This has been
defined as pseudoprogression by other investigators [15].
This effect is particularly evident when radiation is com-
bined with temozolomide. The imaging change is
presumably caused by radiation-induced injury leading to
vasodilation, disruption of the blood brain barrier and edema
[16]. We have used more sophisticated imaging modalities
with MRS and/or CT perfusion to distinguish tumor (as
increased blood flow and blush) and necrosis (no perfusion).
This appears to be a useful imaging tool in addition to MRI.
However, these techniques are plagued with difficulties in
reproducibility and results which can be altered with the use
of steroids [17, 18]. In our study, there were three cases of
biopsy confirmed radiation necrosis seen after MRI and
perfusion computed tomographic (PCT) imaging with
decrease in cerebral blood volume. All these patients had
pathologic evidence of necrosis, while two of the three also
had viable tumor cells in the specimen. In general, while
there were three cases of necrosis, radiation toxicity was not
a common event in this study.

Radiosurgery has been utilized as part of the initial
treatment for patients diagnosed with GBM. In a retro-
spective review by Nwokedi et al., median EBRT dose was
59.7 Gy (range: 28-70.2) and the median gamma knife
SRS boost dose was 17.1 Gy (range: 10-28 Gy). There
was a statistically significant median overall survival ben-
efit of 13 months in the external beam radiation therapy
only group versus 25 months in the external beam plus
SRS group [19]. Buatti et al. report on six patients with
GBM and five patients with anaplastic astrocytoma with a
median tumor volume of 14 ml. Patients were treated with
external beam radiation to a dose of 60 Gy, although most
received treatment with a twice-daily schedule followed by
Linac based SRS to a median dose of 12.5 Gy. Despite
rigorous selection and aggressive stereotactic boost irradi-
ation, median actuarial survival was only 17 months [20].

In a prospective trial of radiosurgery for patients with
GBM, the RTOG 93-05 study randomized patients to SRS
followed by external beam radiation therapy (EBRT) with
Carmustine (BCNU) versus patients who received EBRT
plus Carmustine alone. There was no survival benefit with
the addition of the upfront SRS treatment. The interval
between SRS and EBRT was less than 1 week [21]. Due to
the lack of survival benefit and tumor progression at the
treated site, reirradiation has been largely abandoned even
in the salvage treatment setting.

In another study by Kondziolka et al. during an 8 year
interval, the survival benefit of gamma-knife SRS per-
formed in 64 patients with GBM and 43 patients with
anaplastic astrocytoma was reviewed. Adjuvant radiosur-
gery was performed before disease progression or for
recurrent tumor at the time of disease progression. Of the

entire series, the median survival of patients with GBM
was 26 months. In comparison to historical controls there
was an improved survival benefit after radiosurgery for
patients with GBM. However, the mean tumor volume
treated in this study was 6.5 ml (range: 0.88-31.2). In fact,
the authors state that there may have been a benefit in terms
of patient selection with treated patients having smaller
tumor volumes [22]. The median tumor volume in our
FSRT treated group was 51.1 ml with a similar median
survival.

Chemotherapy has been widely used as second line
therapy for recurrent tumor. Many different chemothera-
peutic agents have been tested. More recently,
bevacizumab and irinotecan have shown promising results
in delaying tumor progression [6, 7]. However, patients
who fail second line therapy with bevacizumab and irino-
tecan have limited options. Although radiation is an active
treatment modality of gliomas, reirradiation with full dose
is not always feasible. In the recurrent setting a prolonged
time interval between initial treatment and reirradiation,
may serve to enable repair of tissue. Delaying reirradiation
to the third-line may serve to increase the interval between
initial radiation therapy and salvage therapy providing a
safer treatment alternative.

A benefit of treatment with stereotactic reirradiation
(SRS) is the increased conformality of treatment which can
spare previously irradiated tissue thus limiting toxicity.
This enables the escalation of dose to potentially achieve
local tumor control. In our study, selection of the reirra-
diation dose was based on radiobiologic principles coupled
with clinical outcomes and experience. Biologically
equivalent doses (BED;() for tumors in our study are 42
and 50 Gy for 16 and 18 Gy SRS, respectively. The BED
is 58 Gy for the FSRT dose/fractionation of 36 Gy in six
fractions. Although one of the limitations of using the BED
formulation is the lack of experimental validity for large
doses per fraction and short overall treatment time, it
currently serves as a useful model for biological compari-
son of different fractionations. Retreatment with various
regimens including 20-50 Gy in 5 Gy fractions [23] or 20—
30 Gy in 4-10 Gy fractions [24] has demonstrated a total
dose greater than 40 Gy as a possible predictor of radiation
damage.

Performance status, relevant debulking, and local
recurrence without multifocality determine whether a
patient may benefit from surgical resection. Approxi-
mately, one quarter of patients with GBM develop a type of
recurrence which enables repeated resection [25]. There-
fore, in most instances where surgical resection is not
possible, reirradiation and chemotherapy may provide a
benefit. The majority of patients in our study received
chemotherapy during the course of their recurrent disease.
In a study by Lederman et al., patients were treated with a
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median dose of 24 Gy (range: 18-36 Gy) in four weekly
fractions with concurrent paclitaxel [26]. Volume was
described as an important factor in predicting survival. The
study reported that patients with tumor volumes greater
than 30 cubic centimeters experienced a survival of 5.7 vs.
9.4 months for volumes less than 30 cc. In our study,
volume was not a factor which predicted survival, but
patients with larger volumes underwent FSRT.

More recently, targeted agents combined with hypo-
fractionated radiation therapy are being studied in the
treatment of recurrent tumors. A phase I dose escalation
trial of FSRT with gefitinib in 15 patients with recurrent
gliomas demonstrated that a dose of 36 Gy in three frac-
tions is well tolerated with a daily dose of 250 mg of
gefitinib [27]. Thus, combined modality efforts to improve
tumor response may be promising. Our patients were not
treated concurrently with reirradiation and chemotherapy.
Since reirradiation targets only the area of abnormal
enhancing tumor or of rapidly progressing radiographic
changes, we believe it can maximize the therapeutic ratio
with sequential chemotherapy to prevent tumor progres-
sion. With this rationale, we are planning a clinical trial to
establish a treatment scheme of reirradiation with sequen-
tial chemotherapy as a third-line therapy for recurrent/
progressive GBM. In addition, clinical improvement and
prolonged time to functional decline were seen in this
retrospective study population; however these were not
systematically captured.

As with all retrospective studies, one limitation of this
study is selection bias. A select group of patients with
recurrent glioblastoma are candidates for salvage radio-
surgery. While the addition of FSRT was introduced as a
means to treat patients who may not have been candidates
for radiosurgery due to prohibitively large target volumes
and suboptimal tumor locations, there are many patients
who face recurrent glioblastoma without the possible
benefit of reirradiation.

In general, patients who have a higher performance status
tend to receive more aggressive forms of treatment. In our
study the use of chemotherapy and surgery before and after
salvage radiation therapy were not controlled for. Albeit,
there was no statistical difference in the SRS versus FSRT
groups related to therapies following reirradiation. Patients
who were followed more closely tended to have a higher
performance status as they were able to return for their fol-
low-up appointments and obtain the necessary imaging and
clinical evaluation. We intend to formalize a prospective trial
where performance measures and quality of life outcomes
can be captured. While, selection bias will continue to be an
issue for studies of patients with glioblastoma, a prospective
trial with strict eligibility criteria and formal indications for
systemic therapy and surgical resection may serve to
improve upon the quality of research in this area.

@ Springer

References

1. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn
M]J, Belanger K, Brandes AA, Marosi C, Bogdahn U, Curschmann J,
Janzer RC, Ludwin SK, Gorlia T, Allgeier A, Lacombe D, Cairncross
JG, Eisenhauer E, Mirimanoff RO (2005) Radiotherapy plus con-
comitant and adjuvant temozolomide for glioblastoma. N Engl J Med
352:987-996. doi:10.1056/NEJMoa043330

2. Bashir R, Hochberg F, Oot R (1988) Regrowth patterns of glio-
blastoma multiforme related to planning of interstitial brachytherapy
radiation fields. Neurosurgery 23:27-30. doi:10.1097/00006123-
198807000-00006

3. Jansen EP, Dewit LG, van Herk M, Bartelink H (2000) Target vol-
umes in radiotherapy for high-grade malignant glioma of the brain.
Radiother Oncol 56:151-156. doi:10.1016/S0167-8140(00)00216-4

4. Wallner KE, Galicich JH, Krol G, Arbit E, Malkin MG (1989)
Patterns of failure following treatment for glioblastoma multi-
forme and anaplastic astrocytoma. Int J Radiat Oncol Biol Phys
16:1405-1409

5. Dirks P, Bernstein M, Muller PJ, Tucker WS (1993) The value of
reoperation for recurrent glioblastoma. Can J Surg 36:271-275

6. Norden AD, Young GS, Setayesh K, Muzikansky A, Klufas R,
Ross GL, Ciampa AS, Ebbeling LG, Levy B, Drappatz J, Kesari
S, Wen PY (2008) Bevacizumab for recurrent malignant gliomas:
efficacy, toxicity, and patterns of recurrence. Neurology 70:779—
787. doi:10.1212/01.wnl.0000304121.57857.38

7. Vredenburgh JJ, Desjardins A, Herndon JE 2nd, Marcello J,
Reardon DA, Quinn JA, Rich JN, Sathornsumetee S, Gururangan S,
Sampson J, Wagner M, Bailey L, Bigner DD, Friedman AH,
Friedman HS (2007) Bevacizumab plus irinotecan in recurrent
glioblastoma multiforme. J Clin Oncol 25:4722-4729. doi:10.1200/
JCO0.2007.12.2440

8. Hudes RS, Corn BW, Werner-Wasik M, Andrews D, Rosenstock J,
Thoron L, Downes B, Curran WJ Jr (1999) A phase I dose esca-
lation study of hypofractionated stereotactic radiotherapy as
salvage therapy for persistent or recurrent malignant glioma. Int J
Radiat Oncol Biol Phys 43:293-298. doi:10.1016/S0360-3016
(98)00416-7

9. Mayer R, Sminia P (2008) Reirradiation tolerance of the human
brain. Int J Radiat Oncol Biol Phys 70:1350-1360. doi:10.1016/
j-ijrobp.2007.08.015

10. Grossman SA, Fisher JD, Piantadosi S, Brem H (1998) The
new approaches to brain tumor therapy (NABTT) CNS consor-
tium: organization, objectives, and activities. Cancer Control 5:
107-114

11. Jin JY, Yin FF, Ryu S, Ajlouni M, Kim JH (2005) Dosimetric
study using different leaf-width MLCs for treatment planning of
dynamic conformal arcs and intensity-modulated radiosurgery.
Med Phys 32:405-411. doi:10.1118/1.1842911

12. Jin JY, Ryu S, Faber K, Mikkelsen T, Chen Q, Li S, Movsas B
(2006) 2D/3D image fusion for accurate target localization and
evaluation of a mask based stereotactic system in fractionated
stereotactic radiotherapy of cranial lesions. Med Phys 33:4557—
4566. doi:10.1118/1.2392605

13. Lustig RA, Seiferheld W, Berkey B, Yung AW, Scarantino C,
Movsas B, Jones CU, Simpson JR, Fishbach J, Curran WJ Jr (2007)
Imaging response in malignant glioma, RTOG 90-06. Am J Clin
Oncol 30:32-37. doi:10.1097/01.coc.0000236214.13206.38

14. Norman D, Enzmann DR, Levin VA, Wilson CB, Newton TH
(1976) Computed tomography in the evaluation of malignant
glioma before and after therapy. Radiology 121:85-88

15. Brandsma D, Stalpers L, Taal W, Sminia P, van den Bent MJ (2008)
Clinical features, mechanisms, and management of pseudopro-
gression in malignant gliomas. Lancet Oncol 9:453—461. doi:
10.1016/S1470-2045(08)70125-6


http://dx.doi.org/10.1056/NEJMoa043330
http://dx.doi.org/10.1097/00006123-198807000-00006
http://dx.doi.org/10.1097/00006123-198807000-00006
http://dx.doi.org/10.1016/S0167-8140(00)00216-4
http://dx.doi.org/10.1212/01.wnl.0000304121.57857.38
http://dx.doi.org/10.1200/JCO.2007.12.2440
http://dx.doi.org/10.1200/JCO.2007.12.2440
http://dx.doi.org/10.1016/S0360-3016(98)00416-7
http://dx.doi.org/10.1016/S0360-3016(98)00416-7
http://dx.doi.org/10.1016/j.ijrobp.2007.08.015
http://dx.doi.org/10.1016/j.ijrobp.2007.08.015
http://dx.doi.org/10.1118/1.1842911
http://dx.doi.org/10.1118/1.2392605
http://dx.doi.org/10.1097/01.coc.0000236214.13206.38
http://dx.doi.org/10.1016/S1470-2045(08)70125-6

J Neurooncol (2009) 92:185-191

191

16.

17.

18.

19.

20.

21.

Wong CS, Van der Kogel AJ (2004) Mechanisms of radiation
injury to the central nervous system: implications for neuropro-
tection. Mol Interv 4:273-284. doi:10.1124/mi.4.5.7
Covarrubias DJ, Rosen BR, Lev MH (2004) Dynamic magnetic
resonance perfusion imaging of brain tumors. Oncologist 9:528—
537. doi: 10.1634/theoncologist.9-5-528

Jain R, Scarpace L, Ellika S, Schultz LR, Rock JP, Rosenblum ML,
Patel SC, Lee TY, Mikkelsen T (2007) First-pass perfusion com-
puted tomography: initial experience in differentiating recurrent
brain tumors from radiation effects and radiation necrosis. Neu-
rosurgery 61:778-786 (discussion 786-777)

Nwokedi EC, DiBiase SJ, Jabbour S, Herman J, Amin P, Chin LS
(2002) Gamma knife stereotactic radiosurgery for patients with
glioblastoma multiforme. Neurosurgery 50:41-46 (discussion
46-47)

Buatti JM, Friedman WA, Bova FJ, Mendenhall WM (1995)
Linac radiosurgery for high-grade gliomas: the University of
Florida experience. Int J Radiat Oncol Biol Phys 32:205-210.
doi:10.1016/0360-3016(94)00498-A

Souhami L, Seiferheld W, Brachman D, Podgorsak EB, Werner-
Wasik M, Lustig R, Schultz CJ, Sause W, Okunieff P, Buckner J,
Zamorano L, Mehta MP, Curran WJ Jr (2004) Randomized
comparison of stereotactic radiosurgery followed by conventional
radiotherapy with carmustine to conventional radiotherapy with
carmustine for patients with glioblastoma multiforme: report of
Radiation Therapy Oncology Group 93-05 protocol. Int J Radiat
Oncol Biol Phys 60:853-860. doi:10.1016/].ijrobp.2004.04.011

22.

23.

24.

25.

26.

217.

Kondziolka D, Flickinger JC, Bissonette DJ, Bozik M, Lunsford
LD (1997) Survival benefit of stereotactic radiosurgery for
patients with malignant glial neoplasms. Neurosurgery 41:776—
783 (discussion 783-775)

Shepherd SF, Laing RW, Cosgrove VP, Warrington AP, Hines F,
Ashley SE, Brada M (1997) Hypofractionated stereotactic radio-
therapy in the management of recurrent glioma. Int J Radiat Oncol
Biol Phys 37:393-398. doi:10.1016/S0360-3016(96)00455-5
Vordermark D, Kolbl O, Ruprecht K, Vince GH, Bratengeier K,
Flentje M (2005) Hypofractionated stereotactic reirradiation:
treatment option in recurrent malignant glioma. BMC Cancer
5:55. doi:10.1186/1471-2407-5-55

Mandl ES, Dirven CM, Buis DR, Postma TJ, Vandertop WP
(2008) Repeated surgery for glioblastoma multiforme: only in
combination with other salvage therapy. Surg Neurol 69:506-509
(discussion 509)

Lederman G, Wronski M, Arbit E, Odaimi M, Wertheim S,
Lombardi E, Wrzolek M (2000) Treatment of recurrent glio-
blastoma multiforme using fractionated stereotactic radiosurgery
and concurrent paclitaxel. Am J Clin Oncol 23:155-159. doi:
10.1097/00000421-200004000-00010

Schwer AL, Damek DM, Kavanagh BD, Gaspar LE, Lillehei K,
Stuhr K, Chen C (2008) A phase I dose-escalation study of
fractionated stereotactic radiosurgery in combination with gefi-
tinib in patients with recurrent malignant gliomas. Int J Radiat
Oncol Biol Phys 70(4):993-1001

@ Springer


http://dx.doi.org/10.1124/mi.4.5.7
http://dx.doi.org/10.1634/theoncologist.9-5-528
http://dx.doi.org/10.1016/0360-3016(94)00498-A
http://dx.doi.org/10.1016/j.ijrobp.2004.04.011
http://dx.doi.org/10.1016/S0360-3016(96)00455-5
http://dx.doi.org/10.1186/1471-2407-5-55
http://dx.doi.org/10.1097/00000421-200004000-00010

	Salvage reirradiation for recurrent glioblastoma �with radiosurgery: radiographic response and improved survival
	Abstract
	Introduction
	Materials and methods
	Patients
	Frame-less image-guided SRS/FSRT

	Statistics
	Results
	Patient and treatment characteristics at initial diagnosis
	Patient and treatment characteristics at recurrence

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


