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Abstract
Purpose—Preclinical studies suggest that inhibition of vascular endothelial growth factor
(VEGF) improves glioma response to radiotherapy. Bevacizumab, a monoclonal antibody against
VEGF, has shown promise in recurrent gliomas, but the safety and efficacy of the concurrent use
of bevacizumab with brain irradiation has not been extensively studied. The objectives of this
study were to determine the safety and activity of this combination in malignant gliomas.

Methods and Materials—After prior treatment with standard radiation therapy patients with
recurrent glioblastoma (GBM) and anaplastic gliomas (AG) received bevacizumab (10 mg/kg IV)
every 2 weeks of 28-day cycles until tumor progression. Patients also received 30 Gy of
hypofractionated stereotactic radiotherapy (HFSRT) in 5 fractions after the first cycle of
bevacizumab.

Results—Twenty-five patients (20 GBM and 5 AG) median age of 56 years (range, 30 to 80)
and median KPS 90 (range, 70 to 100) received a median of 7 cycles of bevacizumab. One patient
did not undergo HFSRT because overlap with prior radiotherapy would exceed the safe dose
allowed to the optic chiasm. Three patients discontinued treatment due to: grade 3 CNS
intratumoral hemorrhage, wound dehiscence and bowel perforation. Other non-hematologic and
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hematologic toxicities were transient. No radiation necrosis was seen in these previously-
irradiated patients. For the GBM cohort, overall response rate was 50%, 6-month progression free
survival was 65%; median overall survival was 12.5 months and 1-year survival was 54%.

Discussion—Bevacizumab in combination with HFSRT is safe and well tolerated. Radiographic
responses, duration of disease control and survival suggest that this regimen is active in recurrent
malignant glioma.

Keywords
malignant gliomas; glioblastoma; bevacizumab; anti-angiogenesis; intensity-modulated radiation
therapy

INTRODUCTION
Radiotherapy (RT) has been shown to be the most effective adjuvant treatment for malignant
gliomas but has only limited benefit in these tumors because of intrinsic radioresistance and
the limited radiation tolerance of surrounding normal brain (1, 2). Attempts to improve the
therapeutic index of brain tumor irradiation by localized dose escalation, altered
fractionation, and radiosensitization have failed to significantly affect survival of patients
with malignant gliomas (3).

Malignant gliomas are innately hypoxic tumors with strong endogenous expression of
hypoxia-inducible factor -1 (HIF-1), VEGF, and VEGF receptors and consequently
demonstrate vigorous angiogenesis (4–7). Tumor xenografts, including U87 gliomas, induce
vascular endothelial growth factor (VEGF) expression in response to irradiation, which may
serve to protect their endothelium.(8, 9) Furthermore, adding VEGF to cultures of human
umbilical endothelial cells enhances radioresistance (8).

Bevacizumab, a humanized monoclonal antibody to VEGF, has been used with safety and
clinical success with concomitant chemotherapy in solid tumors (10–12). In recurrent
malignant gliomas it has been used alone and in combination with irinotecan (13–15).
Bevacizumab has been successfully used in patients undergoing radiotherapy and
chemotherapy for solid tumors, including glioblastomas (16–19). Reasons to combine
bevacizumab and RT include the ability of antiangiogenic agents to sensitize tumor
endothelium to RT by depletion of VEGF and reduction of its pro-survival signaling (8, 20).
It is known that blockade of the VEGF receptor-2 by the monoclonal antibody DC101 can
lower the dose of radiation needed to control 50% of tumor xenografts, including the
glioblastoma U87 (21). Recent evidence points to a population of radioresistant glioma stem
cells residing within vascular niches. These stem cells may be a nidus for regrowth
following RT but, promisingly, this niche can be disrupted by bevacizumab in xenograft
brain tumor models (22, 23). Garcia-Barros et al have found that at a single dose threshold
of approximately 8–10 Gy, the endothelium in tumor xenografts undergoes apoptosis,
legitimizing tumor endothelium as an additional target for radiotherapy (24). Early clinical
trials have shown efficacy of stereotactic high dose fraction irradiation for paraspinal and
brain metastases, lung cancer, pancreatic cancer and renal cancer (25–32). The threshold for
endothelial apoptosis in glioblastoma endothelium is not clear, therefore, we chose an
aggressive fractionation scheme to optimize the antiendothelial impact, particularly since
bevacizumab could maximize the effects of radiation on this target (8).

We hypothesized that a combined approach of hypofractionated stereotactic radiotherapy
(HFSRT) with VEGF inhibition would be an effective strategy for malignant glioma. The
study was performed in previously-irradiated patients with recurrences as a pilot to assess
the safety of bevacizumab used during RT for glioma treatment in general and also the
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potential of this regimen in particular for patients at all stages of disease. Correlative
markers of response to anti-angiogenic therapy are being actively sought (33); perfusion
MRI imaging was done in some patients in order to assess changes in tumor perfusion after
bevacizumab administration.

METHODS AND MATERIALS
Patient eligibility

Patients were recruited from March 2006 to February 2008. Adult patients (≥ 18 years of
age) with histopathologic confirmation of malignant glioma who had recurrent or
progressive tumor and had failed prior RT were eligible. Brain MRI needed to show a
circumscribed enhancing tumor ≤ 3.5 cm in its largest diameter; surgery for recurrent
malignant glioma could be offered prior to enrollment in this protocol but at least four weeks
had to elapse between the surgery and first dose of bevacizumab. Additional eligibility
criteria included KPS ≥70, adequate bone marrow function (hemoglobin ≥ 10g/dL,
absoluteneutrophil count ≥ 1,500/mm3, platelet count ≥ 100,000/mm3), adequate liver
function (bilirubin <1.5 times the upper limit of normal (ULN), AST and ALT ≤ 3 times the
ULN, alkaline phosphatase ≤ 2 times the ULN), adequate renal function (BUN and
creatinine <1.5 times the ULN), and life expectancy ≥12 weeks. At least four weeks must
have elapsed from major surgery, open biopsy or significant traumatic injury, one week
from minor surgical procedures, six weeks from RT, four weeks from prior cytotoxic
therapy and one week from non-cytotoxic agents; patients must have recovered from all
toxicities of prior therapies. Patients who received prior treatment with bevacizumab, or had
a history of hypertensive crisis or hypertensive encephalopathy, stroke or transient ischemic
attack, symptomatic peripheral vascular disease, grade 2 congestive heart failure, unstable
angina or myocardial infarction within 12 months of enrollment, peptic ulcer, abdominal
fistula, gastrointestinal perforation or intra-abdominal abscess within six months of
enrollment were excluded. Additional exclusion criteria included blood pressure >150/100
mmHg, ongoing use of anticoagulant or antiplatelet agents, pregnant or nursing women,
urine protein:creatinine ratio ≥1.0 at baseline, non-healing wound, ulcer or bone fracture and
prior spontaneous CNS hemorrhage as determined from clinical history or preoperative CT
or MRI scan. Agreement to use an acceptable method of birth control was required for men
and women with reproductive potential.

Study design
The study was approved by the Memorial Sloan-Kettering Cancer Center Institutional
Review Board and written informed consent was obtained from all patients. Baseline
evaluation included gadolinium-enhanced brain MRI with gradient echo sequence and
perfusion, complete physical and neurological examination, blood and urine tests within two
weeks prior to treatment. Patients received bevacizumab 10 mg/kg every 14 days on days 1
and 15 of 28-day cycles until treatment failure. After completion of the first cycle, patients
underwent a physical and neurological examination and a repeat brain MRI with gradient
echo sequence, perfusion for RT planning. If patients had a response or had stable findings
on MRI they proceeded to radiation therapy.

Radiation technique
Patients underwent an MRI with 1.5mm slices within 1 week of a treatment planning CT
with 3mm slices. MRI was fused with the treatment planning CT and a gross tumor volume
(GTV) was designed based on the contrast enhancing lesion. The planning treatment volume
(PTV) typically was defined as the GTV plus a 5mm margin. At the time of the treatment
planning CT an immobilization device was created for each patient. The first 11 patients
were immobilized with a Gil-Thomas-Cosman (GTC) frame and the subsequent 13 patients
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were immobilized with a 7 point face mask system. Treatment planning was performed with
either the BrainLAB system for the patients with a GTC frame or the MSKCC treatment
planning system for patients treated with a facemask. A single isocenter plan was utilized for
each patient and IMRT with a sliding window technique was used.

A total dose of 30 Gy (6 Gy x 5 fractions) was prescribed to the 100% isodose line for all
plans. HFSRT started on day 7–10 of cycle 2 and was delivered over a two and half week
period. A median number of 9 beams (range 2 to 11 beams) were used. The median planning
target volume was 34 cm3 (range 2 to 62 cm3). Brain MRI was repeated every two cycles
after cycle 2.

Response and Toxicity Evaluation
Response to treatment was evaluated by brain MRI and neurological status according to the
Macdonald criteria (34). Toxicity was evaluated using the National Cancer Institute’s
Common Toxicity Criteria, version 3.0, throughout the clinical trial until 30 days after
removal from the protocol.

Perfusion MRI and Analysis
In a subset of patients, perfusion MRI, a non-invasive method of assessing cerebral
microvascular environment, was performed at baseline and after the first cycle of
bevacizumab before starting HFSRT. Dynamic contrast enhanced (DCE) MRI, a technique
that provides quantitative measure of the cerebral microvasculature such as permeability
represented by Ktrans (volume transfer constant) and fractional blood volumes (fBV) (35)
and dynamic susceptibility contrast (DSC) MRI, a method that provides information on the
relative cerebral blood volume (rCBV) were used.

The MRI scans were all acquired during single imaging sessions using 1.5 Tesla TwinSpeed
scanners (GE Medical Systems, Milwaukee, WI) equipped with a standard quadrature
birdcage head coil. The sequences were obtained in the following order: pre-contrast
anatomic, DCE perfusion, post-contrast anatomic, and finally DSC perfusion using a second
bolus of contrast agent. The contrast agent, gadopentetate dimeglumine (Magnevist; Berlex
Laboratories, Wayne, NJ), at a dose of 0.1 mmol per kilogram of body weight and rate of 3
ml/s was administered through the antecubital vein using a power injector. The DSC
perfusion imaging was done last using a second, identical bolus of contrast which was
advantageous due to presaturation and extravasation correction from the first bolus.

The DCE maps, Ktrans and fBV, were obtained using software with in-house modifications.
The mean time courses for regions of interest (ROI) in the tumors were fitted by applying
the Tofts two compartmental model to obtain the bolus wash-in slopes (1/minute) (35).

Statistics
The primary endpoint was safety of bevacizumab given in combination with HFSRT for
recurrent malignant glioma. Safety was measured by the occurrence of grade 3 or higher
non-hematologic toxicity; an early stopping rule was included to halt accrual if five
treatment-related toxicities of grade 3 or higher were observed. Because the toxicity of
greatest concern was CNS hemorrhage, if two or more grade 2 or higher symptomatic CNS
hemorrhages were observed, the trial would have been terminated. The study planned to
accrue 25 patients with the expectation that at least 20 patients would receive the proposed
treatment with bevacizumab and HFSRT. Secondary endpoints included 6-month
progression-free survival (PFS), response rate and overall survival (OS).
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Demographic, safety, laboratory data and treatment response were analyzed using
descriptive statistics; survival analyses were based on Kaplan-Meier estimates. For all
patients, PFS was measured from enrollment in the study to disease progression, removal
from study due to toxicity, last contact or death. OS was measured from study entry to death
or last follow-up. Survival analyses were performed in an intent-to-treat fashion. Follow-up
extended thru June 2008. Mean and standard deviation for the wash-in slopes and the ratios
of Ktrans, fBV and rCBV pre and post-cycle 1 of bevacizumab were calculated and a paired
t-test was performed. A p value of less than 0.05 was considered significant.

RESULTS
Patients Characteristics

Twenty-five patients (14 men, 11 women) with histologically confirmed malignant glioma
(20 GBM, 5 anaplastic gliomas [AG]) were enrolled in this trial (Table 1). The median age
was 56 years (range, 30 to 80) and median Karnofsky performance scale (KPS) was 80
(range, 70 to 100). The median elapsed time between prior RT and study enrollment was 15
months and 23 patients (92%) had completed RT at least 6 months prior to enrollment. Two
patients were enrolled two and four months after completing RT but after receiving adjuvant
temozolomide; the patient who enrolled two months after RT had a hypermetabolic lesion
on a fluorodeoxyglucose–positron emission tomography (FDG-PET) scan. Patients
completed a median of seven cycles of bevacizumab (range, 2 to 30 cycles); one patient did
not undergo HFSRT because overlap with prior RT would exceed the safe dose allowed to
the optic chiasm. Of the 24 patients who received radiation therapy all had re-irradiation to
the same region that was previously treated to 60 Gy except for one patient who had a
recurrence outside of their initial field. For the patients who were treated using the
BrainLAB software system the PTV median Dmax was 106% (range: 104–113%) and the
PTV median Dmin was 97% (range 100–44%). One patient had a Dmin of 44% because the
PTV overlapped the chiasm. For the patients who were treated with IMRT using the
MSKCC software program the PTV median Dmax was 106% (range: 103–111%) and the
PTV median D05 was 103% (range 101–107%). In these patients (treated with IMRT) 95%
or more of the PTV received 100% of the dose.

Response to treatment
Two patients underwent surgical resection for recurrent malignant glioma prior to
enrollment on this trial; all 25 patients were assessable for response because there was still
residual enhancing tumor on the immediate post-operative scan of these two patients.
Thirteen patients (52%, 95% confidence interval [CI], 28 to 89%) had an objective
radiographic response (ORR), including complete response in five and partial response in
eight (Figure 1). Fifty percent of patients with GBM and 60% of patients with AG had an
ORR. Twelve patients (48%) had stable disease for a median of 4.6 months (range, 2.3 to
11.5 months). Six patients required dexamethasone at the time of enrollment in the study
(median dose 5 mg/daily, range: 4 to 16 mg); after three months on the clinical trial, three
patients discontinued dexamethasone and three had reduction in the dose.

Progression-free and overall survival
The 6-month PFS for all patients was 64% (95% CI, 42 to 79%) (Figure 2). The 6-month
PFS was 65% (95% CI, 40 to 82%) for GBM and 60% (95% CI, 13 to 88%) for AG
patients. The median PFS was 7.3 months (95% CI, 4.4 to 8.9 months) for GBM and 7.5
months (95% CI, 3 to not reached) for AG patients. To date, among the 25 patients enrolled,
20 patients were removed from the study (17 due to tumor progression and three due to
toxicity) and 15 (60%) had died. The median follow-up among survivors was 6.6 months.
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Median OS was 12.5 months (95% CI, 6.9 to 22.8 months) for GBM and 16.5 months (95%
CI, 8 to not reached) for the AG patients.

Safety
Grade 3 and 4 toxicity is shown in Table 2; hematological toxicity was transient and six
patients had hyponatremia. Three patients discontinued treatment due to toxicity; one patient
had a grade 3 CNS intratumoral hemorrhage after four cycles of bevacizumab, one had
bowel perforation in the setting of chronic dexamethasone use six weeks after the last dose
of bevacizumab, and one patient who had undergone craniotomy for tumor resection four
weeks prior to starting bevacizumab developed wound dehiscence that required
debridement, scalp rotation flap and skin graft. One patient developed lower gastrointestinal
bleeding three weeks after coming off study for tumor progression. There was no clinical or
radiographic radiation necrosis; moreover, no significant radiation necrosis was seen on the
pathological examination of three patients who required re-operation and two patients who
underwent autopsy.

Perfusion MRI
Baseline perfusion MRI ratios of Ktrans (n=13), fBV (n=13) and rCBV (n=17) were higher
in the tumor compared to the contralateral hemisphere with average ratios of 1.85 ± 0.80,
1.83 ± 0.91 and 2.10 ± 1.02, respectively. Ten patients underwent both DCE and DSC
perfusions studies; the mean bolus wash-in slope and the mean ratios of Ktrans, fBV, and
rCBV decreased after one cycle of bevacizumab (Table 3). Figure 3 illustrates the decrease
in the values of Ktrans, fBV, and rCBV in the tumor areas for a GBM patient before and
after one cycle of bevacizumab. The mean ratios of rCBV of four patients who only
underwent DSC perfusion imaging at baseline and after cycle one also decreased. In
summary, all patients who underwent perfusion imaging demonstrated diminished perfusion
parameters after cycle one. Twelve patients (86%) had matching radiographic findings
(decreased enhancing tumoral disease); of these 12 patients, 2 (14%) had < 25% reduction, 3
(21%) had minor response, 6 (43%) had partial response and 1 patient had complete
response. In 2 patients (14%), a similar match was not observed.

DISCUSSION
Concomitant administration of bevacizumab and HFSRT in previously-irradiated malignant
glioma recurrences was safe and effective in this pilot study. Overall toxicity in our study
was in line with other reports of bevacizumab use in patients with malignant glioma.(13–15,
18). No significant adverse reactions were attributable to the interaction of bevacizumab
with radiation, except possibly the single wound dehiscence. In fact, the combination
appears to have improved the therapeutic ratio of radiation with a lower than expected side
effect and toxicity profile in heavily pre-treated patients. There were no cases of
radionecrosis and there was no need for additional corticosteroid use during or after
radiation. A single CNS hemorrhage occurred in a patient who had tolerated the initial
treatment with bevacizumab and HFSRT well, with a partial response, and received a total
of four cycles of bevacizumab before developing sudden hemiparesis due to intra-tumoral
bleeding. Lai et al and Narayana et al each treated 10 newly-diagnosed GBM patients with
RT, temozolomide, and bevacizumab.(18, 19) Lai et al reported two cases of grade 3 wound
breakdown including one in the RT phase and another in on week 21 (18). Moreover, one
unexpected complication possibly attributed to the interaction of RT and bevacizumab was
reported; a patient developed an optic neuropathy, felt to be due to depletion of VEGF, a
possible protector of normal brain (18, 36).
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The outcome of this trial compares favorably with the best prior experience with the
treatment of recurrent malignant gliomas. Wong et al(37) reviewed the results of eight
different chemotherapy trials for patients with recurrent glioblastomas and showed that the
6-month PFS was 15% and the median PFS was 9 weeks, with a 1-year OS of 21%
compared to our 1-year OS of 54%. Improved benchmarks have been set by the introduction
of bevacizumab into clinical trials for recurrent glioblastomas. Vredenburgh et al (14)
reported on the treatment of 35 patients with the combination of bevacizumab and
irinotecan; 6-month PFS was 46% and the 6-month overall survival was 77%. Twenty
(57%) had at least a partial response (14). In a randomized trial the results in recurrent
glioblastomas treated with bevacizumab with irinotecan are slightly better than with
bevacizumab alone (15). Our results with HFSRT and bevacizumab compare favorably with
those of either treatment group of recurrent GBM in the randomized trial.

In order to evaluate the effects of bevacizumab the results of our trial need also to be
compared to those of hypofractionated re-irradiation alone for malignant glioma recurrences.
We modeled our hypofractionation scheme for recurrent malignant gliomas on the report of
Vordermark and his coworkers (38) who safely re-irradiated patients with recurrent
malignant gliomas with hypofractionated regimens similar or identical to the one we
adopted. The median OS in their study was 9.3 months from the time of HFSRT for the
whole group and 7.9 months for glioblastomas (38). Our results combining bevacizumab
with radiation are superior. Significantly, in the Vordermark trial the median tumor volume
treated was 12.6 cm3, smaller than our median of 34 cm3. Both of these median volumes
reflect selection of patients for re-irradiation as larger volumes and their consequently more
complex geometries are inappropriate because of treatment planning constraints for this
radiation modality and for fear of radiation injury of normal tissue. Obviously, selection of
cases for small, circumscribed volumes confers a bias to our results that cannot be overcome
outside a randomized study.

Independent of the potential radiosensitization effects of bevacizumab detailed above are the
propitious effects of administering the drug during the post-irradiation period twice monthly
until failure. Malignant gliomas relapse in their original bed in over 90% of patients (39).
Maintaining bevacizumab treatment in the post-irradiation patient as done in this study may
help to prevent the tumor bed from recovering to the point where it allows tumor regrowth.
RT is known to damage the tumor stroma and delays regrowth, in part by the inability of the
damaged bed to provide adequate vascularity (40). Revascularization after RT depends upon
both sprouting of local vessels and the incorporation of bone marrow-derived VEGFR-2-
positive endothelial progenitor cells and perivascular infiltration of VEGFR-1-positive
myelomonocytic cells (20, 41). All of these mechanisms are suppressed by anti-VEGF
therapies (41–43). Daily endostatin administered after radiation has been shown to block
xenograft revascularization in mice, prolonging disease free survival (44). The growth rate
of lung cancer xenografts, recurrent after irradiation, is slower in animals treated with
DC101 (45).

The higher values of perfusion MRI parameters at baseline in the tumor compared to the
contralateral side imply that tumor associated vasculature was leaky (high Ktrans) and
vessel density was high (high fBV and rCBV); these findings are consistent with known
pathological characteristics of recurrent malignant gliomas, which have high vascularity and
poor capillary integrity. Perfusion MRI demonstrated a decrease in capillary permeability
and microvessel density after patients received only two doses of bevacizumab, which is
similar to studies of other anti-VEGF studies (42, 46). Although its implications are limited
by the small number of patients studied, the mismatch observed between perfusion and
anatomical imaging findings suggests that in a small subset of patients (those with stable
radiographic disease), perfusion imaging may be helpful in determining response to anti-
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angiogenic therapy when conventional imaging does not. Larger studies are required but
such imaging markers have the potential of being useful in dose-seeking studies or as early
markers of response and survival for antiangiogenic agents (42, 47). VEGF was previously
known as vascular permeability factor (48) and decrease in peritumoral vasogenic edema
and decreased corticosteroid dependence is another benefit of anti-VEGF treatment; as
demonstrated by the decrease in Ktrans (42).

This novel treatment approach combining bevacizumab with HFSRT was exceptionally well
tolerated with promising signs of efficacy in heavily pretreated malignant glioma patients,
suggesting that it is reasonable to increase the size of recurrences treated with this regimen
and also to export this approach to a newly diagnosed patient population. The safety of RT
with bevacizumab in recurrent malignant glioma patients provides important reassurance as
coming trials with newly-diagnosed patients move bevacizumab into the RT window at the
beginning of treatment.
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Figure 1.
Baseline (A) and post-treatment (B) gadolinium enhanced brain MRI in a patient with
glioblastoma showing a partial response.
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Figure 2.
Progression-free and overall survival curves for all patients (n=25).
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Figure 3.
The upper panel shows pre-treatment perfusion MRI studies and the lower panel shows the
perfusion MRI studies after one cycle of bevacizumab for a left frontal lobe glioblastoma
patient. There are increased ratios of transfer coefficient (Ktrans) (A), fractional blood
volume (fBV) (B) and relative cerebral blood volume (rCBV) (C) before treatment; Ktrans
(D), fBV (E) and rCBV (F) normalized after the first cycle of bevacizumab.
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Table 1

Patient characteristics

Characteristic Patients (n=25)

Gender

 Men 14 (56%)

 Women 11 (44%)

Median age (range) 56 (30–80)

Karnofsky performance scale

 70–80 13 (52%)

 90–100 12 (48%)

Prior low grade glioma 3 (12%)

Histological diagnosis

 Glioblastoma 20 (80%)

 Anaplastic astrocytoma 4 (16%)

 Anaplastic oligodendroglioma 1 (4%)

Median No. of prior recurrences (range) 1 (1 to 4)

Median time from initial malignant glioma diagnosis (range) 14.5 mos (6 to 135)

Median dose of prior radiotherapy (range) 5940 cGy (5400 to 6120)

Median elapsed time between prior radiotherapy and study enrollment (range) 15 mos (2.2 to 292)
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Table 2

Grade 3 and 4 toxicity.

Number of patients (%)

Toxicity Grade 3 Grade 4

Leukopenia 2 (8%)

Neutropenia 2 (8%)

Lymphopenia 7 (28%) 2 (8%)

Thrombocytopenia 2 (8%) 1 (4%)

Anemia 3 (12%)

Hyponatremia 6 (24%)

Fatigue 1 (4%)

Hypertension 1 (4%)

CNS hemorrhage 1 (4%)

Bowel perforation 1 (4%)

Wound healing complication 1 (4%)

Gastrointestinal bleeding 1(4%)
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Table 3

Bolus wash-in slopes, ratios of Ktrans, fBV, and rCBV before and after one cycle of bevacizumab (n= 10
patients).

Perfusion MRI parameter Baseline After 1 cycle of bevacizumab P

Bolus wash-in slopes 1.79±1.82 0.58±0.37 0.02

Ktrans* 1.79±0.78 1.24±0.21 0.03

fBV† 1.83±0.80 1.34±0.68 0.01

rCBV†† 1.93±0.93 1.23±0.28 0.02

All measurements are shown as mean ± standard deviation.

*
Ktrans=transfer coefficient, a marker of microvascular permeability;

†
fBV=fractional blood volume;

††
rCBV=relative cerebral blood volume.
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