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Abstract
Purpose—Patients with recurrent malignant gliomas treated with stereotactic radiosurgery (SRS)
and multiagent systemic therapies were reviewed to determine the effects of patient- and
treatment-related factors on survival and toxicity.

Methods and Materials—A retrospective analysis was performed on patients with recurrent
malignant gliomas treated with salvage SRS from September 2002 to March 2010. All patients
had experienced progression after treatment with temozolomide and radiotherapy. Salvage SRS
was typically administered only after multiple post-chemoradiation salvage systemic therapies had
failed.

Results—63 patients were treated with SRS for recurrent high-grade glioma; 49 patients had
World Health Organization (WHO) Grade 4 disease. Median follow-up was 31 months from
primary diagnosis and 7 months from SRS. Median overall survival from primary diagnosis was
41 months for all patients. Median progression-free survival (PFS) and overall survival from SRS
(OS-SRS) were 6 and 10 months for all patients, respectively. The 1-year OS-SRS for patients
with Grade 4 glioma who received adjuvant (concurrent with or after SRS) bevacizumab was 50%
vs. 22% for patients not receiving adjuvant bevacizumab (p = 0.005). Median PFS for patients
with a WHO Grade 4 glioma who received adjuvant bevacizumab was 5.2 months vs. 2.1 months
for patients who did not receive adjuvant bevacizumab (p = 0.014). Karnofsky performance status
(KPS) and age were not significantly different between treatment groups. Treatment-related Grade
3/4 toxicity for patients receiving and not receiving adjuvant BVZ was 10% and 14%, respectively
(p = 0.58).On multivariate analysis, the relative risk of death and progression with adjuvant
bevacizumab was 0.37 (confidence interval [CI] 0.17–0.82) and 0.45 (CI 0.21–0.97). KPS >70 and
age <50 years were significantly associated with improved survival.

© 2012 Elsevier Inc.

Reprint requests to: John P. Kirkpatrick, M.D., Ph.D., Department of Radiation Oncology, Duke University Medical Center, DUMC
3085, Durham, NC 27710. Tel: (919) 668-7342; Fax: (919) 668-7345; john.kirkpatrick@duke.edu.

Presented at the 51st Annual Meeting of the American Society for Radiation Oncology, Chicago, IL, November 1–5, 2009.

Conflict of interest: none.

NIH Public Access
Author Manuscript
Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2013 June 24.

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2012 April 1; 82(5): 2018–2024. doi:10.1016/j.ijrobp.2010.12.074.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusions—The combination of salvage radiosurgery and bevacizumab to treat recurrent
malignant gliomas is well tolerated and seems to be associated with improved outcomes.
Prospective multiinstitutional studies are required to determine efficacy and long-term toxicity
with this approach.
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INTRODUCTION
The diagnosis of malignant glioma carries a poor prognosis, with few long-term survivors.
Long-term local control in high-grade gliomas is difficult to achieve because of the
infiltrating nature of the disease and its relative resistance to targeted and cytotoxic systemic
therapies. Standard treatment for a newly diagnosed malignant glioma includes surgical
resection followed by radiation therapy with concurrent temozolomide. This treatment yields
a median overall survival (OS) of 12 to 15 months (1). Most malignant gliomas recur locally
within a year after the completion of initial treatment (2–4), and recurrent disease is difficult
to manage, given the morbidity associated with re-excision (5, 6) or large-volume
reirradiation (7) and the limited options for systemic therapy (8–10).

Stereotactic radiosurgery (SRS) offers the potential to obtain local control in recurrent high-
grade gliomas with minimal morbidity. Several case series, retrospective studies, and
prospective studies have shown the potential efficacy and acceptable toxicity of radiosurgery
for this disease (4, 11–15). Although radiation is often thought to destroy tumor vasculature,
preclinical studies have demonstrated that radiation can paradoxically stimulate
angiogenesis via a hypoxia-inducible-factor-1α—mediated pathway (16). Thus, it might be
useful to combine radiation with an agent that inhibits this paradoxic effect.

Bevacizumab is a humanized murine monoclonal antibody that targets vascular endothelial
growth factor-A (VEGF) and inhibits angiogenesis (17, 18). This agent has been approved
for use by the U.S. Food and Drug Administration for colorectal cancer, non–small-cell lung
cancer, renal cell carcinoma, and recently for recurrent high-grade gliomas. Grade 4 gliomas
overexpress VEGF, and higher VEGF expression is associated with a poorer prognosis (19,
20). A recent Phase II trial showed efficacy and minimal toxicity for bevacizumab and
irinotecan in the treatment of recurrent high-grade gliomas (21, 22). The current study
examined the safety and efficacy of salvage SRS and systemic agents, including
bevacizumab, in a retrospective series of patients with recurrent malignant gliomas. These
patients were heavily pretreated before undergoing SRS, and most patients received
additional courses of systemic therapy immediately after SRS.

METHODS AND MATERIALS
Patient selection

Between September 2002 and March 2010, 63 patients with a diagnosis of a recurrent
malignant glioma of the brain were treated with salvage SRS at Duke University Medical
Center using a linear accelerator–based system. All patients had pathologic results reviewed
and confirmed at our institution. Patients were treated at the time of initial diagnosis with a
gross or near total resection followed by adjuvant external-beam radiation and
temozolomide. Recurrence was confirmed by surgical pathologic analysis and/or
neuroimaging, including magnetic resonance imaging (MRI) and/or positron emission
tomography. All patients in the study had experienced progression after primary treatment
with concurrent temozolomide and external-beam radiotherapy, and salvage systemic
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therapy had been unsuccessful in nearly all patients before SRS was performed. Most of the
patients received additional systemic therapy after SRS was administered. Only patients
with World Health Organization (WHO) Grade 3/4 gliomas were included in the analysis.
This retrospective study was approved by the Institutional Review Board of Duke University
Medical Center.

SRS technique
All radiosurgical procedures were performed with linear-accelerator–based systems.
Radiosurgical procedures before March 2008 were performed using a Radionics X-Knife
system (Burlington, MA) with a Brown-Roberts-Wells stereotactic head frame for
immobilization. Radiosurgical procedures after March 2008 were performed using a Novalis
Tx system (Varian, Palo Alto, CA, and BrainLAB, Munich) with a custom U-frame mask
for immobilization, a high-definition micromultileaf collimator, and cone-beam computed
tomography for image guidance. All patients underwent a simulation computed tomography
scan, which was fused to thin-slice, contrast-enhanced T1-weighted MRI. The gross tumor
volume was defined based on T1-weighted contrast-enhanced axial MRI images,
occasionally with guidance by positron emission tomography. Before March 2008, patients
were treated using multiple arcs with conical collimators or six to nine static conformal
beams. After March 2008, lesions 3 cm in diameter or smaller were typically treated using
four to five dynamic conformal arcs, and larger lesions were treated with intensity-
modulated static beams. Doses were prescribed to the isodose line fully encompassing the
planning target volume, and single-fraction treatments were limited by the volume-based
guidelines established in Radiation Therapy Oncology Group 90-05. Most patients received
a short prophylactic course of dexamethasone after SRS.

Systemic therapies and toxicity
A review of patient medical records was performed to determine which systemic therapies
each patient received before and after salvage SRS. Systemic therapy administration was
directed by the Preston Robert Tisch Brain Tumor Center at Duke University. Many of the
patients included in this analysis had previously been treated according to therapeutic
protocols approved by the Institutional Review Board. Many of the systemic agents were
given in combination. Toxicity was determined based on the Common Terminology Criteria
for Adverse Events (version 4). Toxicity was defined as new symptoms or worsening of
previous symptoms after salvage radiosurgery was administered. Symptoms occurring after
3 months from salvage radiosurgery that were attributable to disease progression were
excluded.

Statistical analysis
Actuarial survival was calculated using the Kaplan-Meier method. Endpoints for analysis
included OS from the time of initial (primary) diagnosis, OS from the time of radiosurgery
(OS-SRS), and progression-free survival (PFS) from the time of radiosurgery. Patients were
censored at the time of the last follow-up visit. Student’s t test was used to compare grade,
age, Karnofsky performance status (KPS), number of therapies, time from diagnosis to SRS,
and tumor volume between groups. Survival curves were compared using the Wilcoxon
(Mann-Whitney U) rank sum test. Multivariate analyses of OS-SRS and PFS in patients with
a WHO Grade 4 glioma were performed using a Cox proportional hazards model. Variables
used in the analysis included the use of adjuvant bevacizumab, KPS >70, age >50 years, and
tumor volume greater than the median (5 cc). Adjuvant bevacizumab was defined as
bevacizumab given at the time of SRS or afterward. Statistical calculations were performed
using JMP statistical software (version 8, SAS, Cary, NC). The toxicity analysis included all
patients who received salvage radiosurgery for a malignant glioma. Survival analysis
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focused on the subset of patients with a WHO Grade 4 glioma, for consistency with previous
reports.

RESULTS
Patient characteristics

Table 1 shows the characteristics of the patients in the study. Of the 63 patients included in
the analysis, 45 were men and 18 were women. The median age at the time of radiosurgery
was 47 years (range, 19–76 years). Forty-nine patients had a WHO Grade 4 glioma, and 14
patients had a WHO Grade 3 glioma. Six of the 14 patients with a WHO Grade 3 glioma
were originally diagnosed with a WHO Grade 1 or 2 glioma, which later dedifferentiated.
All of the patients with a WHO Grade 4 glioma had a de novo tumor. The median time from
initial diagnosis to salvage SRS was 20 months. The median SRS dose was 15 Gy (range,
12.5–25 Gy). Twelve patients received 25 Gy in five equal fractions, all using the Novalis
Tx system, and the remaining patients were treated with a single fraction.

Salvage SRS was typically administered after multiple courses of salvage systemic therapy
had been unsuccessful. The mean number of systemic agents given before salvage SRS and
after SRS was 3.6 (range, 1–8) and 3.9 (range, 0–11), respectively. All patients received
temozolomide with their initial course of radiation therapy. The most commonly prescribed
systemic agents were bevacizumab (n = 51), irinotecan (n = 47), lomustine (CCNU) (n =
24), and etoposide (n = 37). Many of the systemic agents were given in combination. The
most common combination was bevacizumab and irinotecan. Of the 51 patients who
received bevacizumab, 42 received it during or after SRS. The median KPS at the time of
salvage SRS was 80 (range, 50–90). The median KPS of the group receiving adjuvant
bevacizumab and of the group not receiving bevacizumab was the same. The median target
volume for all patients receiving salvage SRS was 4.8 cc.

The group of patients who received adjuvant bevacizumab after salvage SRS was similar to
the group of patients who did not. There was no statistically significant difference between
the two groups in WHO grade, age, sex, time from initial diagnosis to salvage SRS, KPS, or
volume treated. Patients treated with bevacizumab received a greater number of salvage
systemic therapies after SRS than did patients not receiving bevacizumab (p ≤ 0.0001).

Toxicity
Treatment with salvage SRS was relatively well tolerated. Thirty-two percent of patients
experienced acute Grade 2 toxicity and 11% of patients experienced Grade 3 toxicity
according to the Common Terminology Criteria for Adverse Events (Table 2). One patient
died shortly after (2 weeks) receiving salvage SRS without concurrent or post-SRS systemic
therapy as a result of fulminant disease throughout the brain. It was unclear for many of the
patients whether the toxicities reported were related to radiosurgery, to adjuvant therapies,
and/or to progressive disease. The most commonly reported toxicity, which was seen in 1
out of 4 patients treated, was a worsening of preexisting neurologic symptoms. This acute
side effect was managed with dexamethasone, and most patients responded favorably.
Twenty-one percent of patients were noted to have an increase in the frequency of seizure
activity within 3 months of receiving SRS. New-onset seizures were not seen in any of the
patients. Radionecrosis was diagnosed by either imaging or repeat biopsy in 10% of patients
who received salvage SRS. In most cases, radionecrosis was associated with mild symptoms
or was asymptomatic. The rates of toxicity did not differ significantly between patients who
did or did not receive adjuvant bevacizumab.
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Survival
The survival data for patients with a WHO Grade 4 glioma who did or did not receive
adjuvant bevacizumab were analyzed. On univariate analysis, there was a statistically
significant improvement in OS-SRS in the group of patients who received adjuvant
bevacizumab at the time of salvage radiosurgery or shortly thereafter (p = 0.005). The 1-year
OS-SRS was 50% in the group of patients receiving adjuvant bevacizumab and 22% in the
group not receiving adjuvant bevacizumab (Fig. 1A). The median OS-SRS in patients with a
recurrent WHO Grade 4 glioma receiving adjuvant bevacizumab was 11.2 months,
compared with 3.9 months in patients not receiving adjuvant bevacizumab. Progression-free
survival was also improved in patients receiving adjuvant bevacizumab after SRS, in whom
the median PFS was 5.2 months, compared with 2.1 months in patients receiving salvage
radiosurgery without adjuvant bevacizumab (p = 0.014) (Fig. 1B). Additionally, OS from
the time of primary diagnosis was 47 months for patients treated with adjuvant bevacizumab
vs. 25 months for patients treated without adjuvant bevacizumab (p = 0.039).

Performance status was a significant predictor of survival. Patients with a KPS >70 had a
median OS-SRS of 11.9 months compared with 1.9 months for patients with a KPS <70 (p =
0.0001) (Fig. 2). Patients younger than 50 years old at the time of radiosurgery also had
improved OS from the time of SRS. The interval of time from primary diagnosis to salvage
SRS did not correlate with OS-SRS. The outcomes in patients treated with the most
commonly prescribed systemic agents were analyzed to determine the effect on survival.
Besides bevacizumab, irinotecan and CCNU were associated with improved OS survival.
However, over 75% of the patients who received irinotecan or CCNU also received
bevacizumab.

Table 3 shows the results from a multivariate analysis using a Cox proportional hazards
model in patients with WHO Grade 4 glioma treated with salvage SRS. The risks of death
and progression were significantly reduced in patients receiving SRS plus adjuvant
bevacizumab, with a risk ratio of 0.37 (confidence interval [CI] 0.17–0.82, p = 0.015) and
0.45 (CI 0.21–0.97, p = 0.043), respectively. A KPS >70 was also associated with improved
survival from the time of SRS (hazard ratio [HR] 0.24, CI 0.09–0.63, p = 0.005). Age >50
years was associated with an increased risk of death (HR 2.23, CI 1.01–5.10, p = 0.047) and
of progression (HR 3.42, CI 1.56–8.07, p = 0.002). Treatment volume was not significantly
correlated with survival or progression.

The subset of patients who had experienced progression while receiving bevacizumab before
undergoing salvage radiosurgery was analyzed to determine if additional bevacizumab was
associated with improved outcomes. Thirty-four patients with a WHO Grade 4 glioma had
experienced progression while receiving a treatment regimen containing bevacizumab
before undergoing radiosurgery. Of these 34 patients, 25 received additional adjuvant
bevacizumab at the time of SRS or shortly thereafter. Nine patients did not receive
additional bevacizumab. The patients receiving additional adjuvant bevacizumab had a
median OS-SRS of 9.8 months compared with 2.5 months in the group not receiving
adjuvant bevacizumab (p = 0.002) (Fig. 3A). Furthermore, the patients receiving adjuvant
bevacizumab had a median PFS of 6.3 months vs. 1.4 months in patients not receiving
additional bevacizumab (p = 0.012) (Fig. 3B).

Nine patients with a recurrent WHO Grade 4 glioma received bevacizumab before salvage
radiosurgery only. The median OS from the time of SRS was only 2.5 months in this group
of patients, which was significantly worse than in the group of patients receiving
bevacizumab after radio-surgery (median survival, 11.2 months; p = 0.01). Survival in
patients who received bevacizumab before salvage SRS only was also worse than in patients
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who received bevacizumab both before and after SRS (median survival, 9.8 months; p =
0.03).

Radiographic findings after radiosurgery
Postradiosurgery MRI scans were available for review on 55 of the 63 patients treated with
salvage SRS for a recurrent glioma. The initial post-SRS MRI showed progression in 25
patients, stable disease in 16 patients, and a response in 14 patients. Of the 25 patients who
had evidence of progression on the initial post-SRS MRI, 10 were found to have either
stable disease or a treatment response on a subsequent scan indicating that the initial MRI
demonstrated pseudoprogression. The median interval from the time of SRS to the first post-
SRS MRI in patients who showed pseudoprogression was 2 months (range, 2 weeks to 6
months). The incidence of pseudoprogression was 15% in patients who received
bevacizumab during or after SRS compared with 25% in patients who did not receive
bevacizumab during or after SRS.

DISCUSSION
Most patients treated with surgery and adjuvant chemoradiation for a high-grade glioma of
the brain experience recurrence within 1 to 2 years of initial diagnosis. Salvage therapies
including chemotherapy and SRS are frequently used but are often unsuccessful. Wong et al.
performed an analysis of eight different chemotherapy trials for recurrent glioma and found
a median PFS of 10 weeks and OS of 30 weeks (23). In more recent studies, bevacizumab as
a single agent and in combination with irinotecan provided a median PFS and OS of 6 and 9
months, respectively (21, 22).

In the current study, the median PFS and OS from the time of SRS were, respectively, 26
weeks and 43 weeks for all patients and 35 weeks and 51 weeks for patients who received
adjuvant bevacizumab. The median OS from the time of initial diagnosis was 41 months for
all patients and 35 months for patients with a WHO Grade 4 glioma. For reference, the
median OS observed in randomized trials of radiation therapy alone and radiation therapy
with temozolomide is 9 to 15 months and 10 to 21 months, respectively (1, 24).

Table 4 shows survival data from published reports on stereotactic radiotherapy for recurrent
glioblastoma. In the current study, survival from the time of SRS was similar to the results
in other series where the median OS and PFS from SRS was 7 to 13 months and 4 to 7
months, respectively. The OS from the time of initial (primary) diagnosis with a malignant
glioma was considerably higher in the cohort of patients analyzed in our study than in
previous series.

In prior studies by Vredenburgh et al. (21) and Desjardins et al. (22), treatment of recurrent
gliomas with bevacizumab and irinotecan was found to be well tolerated, with one cerebral
hemorrhage and four thromboembolic complications in 35 patients. In the current study,
toxicity did not differ between patients who did or did not receive adjuvant bevacizumab
with salvage radiosurgery. In many patients, it was difficult to determine if toxicity was
related to SRS, adjuvant systemic therapy, and/or disease progression. Overall, SRS was
well tolerated, and most side effects could be managed with steroids and/or antiepileptic
medications.

There is evidence that bevacizumab works synergistically with chemotherapy and radiation
therapy. Anti-VEGF therapy has been shown to normalize tumor vasculature and to decrease
interstitial fluid pressure, resulting in increased bioavailability of chemotherapy agents (25,
26). Bevacizumab has also been shown to be cytotoxic to glioma stem cells, which are
believed to be more resistant to traditional chemotherapy (27, 28). Radiation therapy can
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stimulate VEGF production in tumors, which paradoxically leads to increased angiogenesis
(29, 30). Furthermore, high-dose SRS has a substantial vascular endothelial cell ablative
effect, which may be far more potent than what is observed in conventional radiation
therapy (31). Bevacizumab has also been shown to decrease cerebral edema and radio-
necrosis after SRS (32, 33).

Appropriate patient selection for salvage SRS seems important to maximize benefits from
this treatment modality. In our series, patients with a KPS ≤70 had minimal benefit from
salvage radiosurgery. Older patients were also found to have poorer outcomes on
multivariate analysis. Bevacizumab has been shown to be well tolerated when used with
concurrent radiation therapy in many disease sites. A recently published study from
Memorial Sloan-Kettering evaluating the toxicity and efficacy of bevacizumab and
hypofractionated stereotactic radiotherapy for recurrent glioma (34) found minimal
treatment-associated toxicity. The Memorial Sloan-Kettering study examined
hypofractionated stereotactic radiotherapy and bevacizumab as salvage treatment after
postradiation recurrence. By contrast, salvage biochemotherapy had been unsuccessful in
nearly all of the patients treated in our study (including 39 patients treated with
bevacizumab) before they underwent SRS, and SRS was typically given as a last resort after
other options had been exhausted.

A major challenge in neurooncology is effectively treating patients with recurrent malignant
gliomas in whom bevacizumab has been unsuccessful. Bevacizumab plus irinotecan has
been shown to be an effective salvage regimen with good response rates. However, patients
typically do not respond to a second bevacizumab-containing regimen. In the current study,
patients in whom bevacizumab before radiosurgery had been unsuccessful were found to
benefit from additional bevacizumab at the time of salvage radiosurgery or shortly
thereafter. A recent study by Torcuator et al. (35) found that bevacizumab plus SRS/
fractionated stereotactic radiotherapy was associated with improved survival compared with
bevacizumab without SRS/fractionated stereotactic radiotherapy in a population of patients
in whom a bevacizumab-containing regimen had previously been unsuccessful. Our findings
are consistent with this report and indicate that salvage SRS with bevacizumab may benefit
patients with recurrent gliomas who have experienced progression while receiving
bevacizumab-based chemotherapy regimens.

Pseudoprogression is characterized by progressive changes on a posttreatment radiographic
study that disappear on a subsequent study or are ruled out by a biopsy. Chamberlain et al.
reported on pseudoprogression in a series of patients treated with temozolomide and
radiation for newly diagnosed glioblastoma (36). In this report, 26 patients had evidence of
progression on their initial posttreatment MRI. Fifteen of these patients underwent
reoperation, which found no evidence of tumor in 7 of the patients. Another report from Taal
et al. found that 15 of 31 patients whose initial posttreatment MRI showed progression were
found to have stable disease on a subsequent scan (37). In our study, 10 of the 25 patients
whose initial MRI showed evidence of progression were found to have stable disease on a
subsequent scan or biopsy. The rate of pseudoprogression was lower in patients who
received bevacizumab after SRS. Bevacizumab has been shown to reduce interstitial fluid
pressure, edema, and radionecrosis (32, 33). These findings may explain the reduction in the
rate of pseudoprogression seen in the group of patients receiving post-SRS bevacizumab.

A prospective study is under way at our institution to explore the effects of bevacizumab and
salvage SRS (National Cancer Institute code NCT01017250). In this study, patients with a
recurrent malignant glioma receive intravenous bevacizumab (10 mg/kg) the day of salvage
SRS. A second bevacizumab dose is administered 2 weeks later. The primary endpoint is
neurotoxicity, and secondary endpoints include PFS, OS, quality of life measures,
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neurocognitive changes, and MRI-based radiographic estimates of mass transfer. A multi-
institutional study will ultimately be required to determine the efficacy and long-term
toxicity of concurrent bevacizumab and SRS in patients with a recurrent malignant glioma.
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Fig. 1.
Overall survival (A) and progression-free survival (B) from the time of salvage sterotactic
radiosurgery (SRS) for patients with a recurrent World Health Organization Grade 4 glioma
who did (+) or did not (−) receive adjuvant bevacizumab (BVZ).
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Fig. 2.
Overall survival from the time of stereotactic radiosurgery (SRS) for patients with a World
Health Organization Grade 3 or 4 glioma who had a Karnofsky performance status (KPS)
>70 compared with patients with a KPS ≤70.
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Fig. 3.
Overall survival (A) and progression-free survival (B) from stereotactic radiosurgery (SRS)
in patients with World Health Organization Grade 4 glioma who had experienced
progression while receiving bevacizumab before radiosurgery and who did or did not
receive additional bevacizumab at the time of or shortly after salvage radiosurgery.
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Table 1

Characteristics of the patients receiving salvage radiosurgery for recurrent Grade 3 or 4 glioma who did or did
not receive adjuvant bevacizumab

Total −BVZ +BVZ

Number of patients 63 21 42

WHO grade

  3 14 5 9

  4 49 16 33

Sex

  F 18 7 11

  M 45 14 31

Median age (y) 47 48 47

Median follow–up (mo) 6.5 5.3 7.8

Median time from initial diagnosis to salvage SRS (mo) 19.6 19.0 20.9

Median KPS at time of SRS 90 90 90

Median KPS for WHO Grade 4 80 80 80

Median SRS target volume (cc) 4.8 5.6 4.5

Mean number of systemic therapeutic agents before SRS 3.6 3.5 3.7

Mean number of systemic therapeutic agents after SRS 2.9 1.1 3.8*

Abbreviations: BVZ = bevacizumab; SRS = stereotactic radiosurgery; WHO = World Health Organization; KPS = Karnofsky performance status;
adjuvant BVZ = treatment with BVZ concurrent with radiosurgery or afterward.

*
p < 0.05.
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Table 2

Reported number and rate of toxicity (Common Terminology Criteria for Adverse Events version 4) seen in
patients receiving salvage SRS for recurrent WHO Grade 3 or 4 glioma who did or did not receive
bevacizumab (BVZ)

Total −BVZ +BVZ

Number of patients 63 21 42

Toxicity (%)

  Grade 2 20 (32) 7 (33) 13 (31)

  Grade 3 7 (11) 3 (14) 4 (10)

  Grade 4 1 (2) 1 (5) 0 (0)

Radionecrosis 6 (10) 4 (19) 2 (5)

Worsening of neurologic symptoms 16 (25) 6 (29) 10 (24)

Increase in seizure activity 13 (21) 4 (19) 9 (21)

Fatigue 4 (6) 0 (0) 4 (10)

Changes in memory 4 (6) 1 (5) 3 (7)

Headache 4 (6) 2 (10) 2 (5)

Abbreviations: SRS = stereotactic radiosurgery; WHO = World Health Organization; BVZ = bevacizumab.
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Table 3

Risk of death and risk of progression after salvage radiosurgery for recurrent Grade 4 glioma with 95%
confidence intervals and p values calculated from a multivariable Cox proportional hazards model

Risk ratio 95% CI p

Risk of death

  Bevacizumab 0.37 0.17–0.82 0.015

  KPS >70 0.24 0.09–0.63 0.005

  Age >50 y 2.23 1.01–5.10 0.047

  Volume >5 cc 1.40 0.63–3.10 0.406

Risk of progression

  Bevacizumab 0.45 0.21–0.97 0.043

  KPS >70 0.59 0.25–1.53 0.265

  Age >50 y 3.42 1.56–8.07 0.002

  Volume >5 cc 0.61 0.28–1.30 0.199

Abbreviations: CI = confidence interval; KPS = Karnofsky performance status.
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