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Change in Plasma Vascular Endothelial Growth Factor
after Gamma Knife Radiosurgery for Meningioma:
A Preliminary Study

Seong-Hyun Park, M.D., Ph.D., Jeong-Hyun Hwang, M.D., Sung-Kyoo Hwang, M.D.
Department of Neurosurgery, Kyungpook National University Hospital, Daegu, Korea

Objective : The purpose of this study was to investigate changes in the plasma level of vascular endothelial growth factor (VEGF) after Gamma Knife
radiosurgery (GKRS) for the treatment of meningioma.

Methods : Fourteen patients with meningiomas had peripheral venous blood collected at the time of GKRS and at 1 week, 1 month, 3 month and
6 month visits. Plasma VEGF levels were measured using commercially available enzyme-linked immunosorbent assay. For controls, peripheral blood
samples were obtained from 20 healthy volunteers.

Results : The mean plasma VEGF level (29.6 pg/mL) in patients with meningiomas before GKRS was significantly lower than that of the control
group (62.4 pg/mL, p=0.019). At 1 week after GKRS, the mean plasma VEGF levels decreased to 23.4 pg/mL, and dropped to 13.9 pg/mL at 1
month, 14.8 pg/mL at 3 months, then increased to 27.7 pg/mL at 6 months. Two patients (14.3%) with peritumoral edema (PTE) showed a level of
VEGF 6 months after GKRS higher than their preradiosurgical level. There was no significant association found in an analysis of correlation between PTE
and tumor size, marginal dose, age, and sex.

Conclusion : Our study is first in demonstrating changes of plasma VEGF after stereotactic radiosurgery (SRS) for meningioma. This study may provide
a stimulus for more work related to whether measurement of plasma level has a correlation with tumor response after SRS for meningioma.
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INTRODUCTION compared with 0 to 22% of basal meningiomas”‘w’m. The direct
cause of PTE is still not known although many factors have been

Recently, stereotactic radiosurgery (SRS) for meningiomas has  suggested including tumor location, size, and radiation dose"**'*™*.,

been used in cases that are inoperable, or when the tumor has It is known that meningiomas produce vasogenic mediators

recurred or was not completely removed. Even though the control  and high levels of VEGF concentration at the tissue level; how-

rates for the SRS are high, a qualitative analysis of treatment out-  ever, evaluation of plasma VEGF in patients with meningioma

come after Gamma Knife radiosurgery (GKRS) may be neededto  before and after SRS has not yet been demonstrated. VEGF

understand the effectiveness and complications of GKRS"*'. found in the blood may aid in understanding the pathophysiol-
Angiogenesis plays an important role in the development and  ogy of tumor response and radiation-induced complications.

progression of intracranial tumors, especially in meningioma”. In this study, we evaluated plasma VEGF of patients with me-

This angiogenesis is primarily mediated through vascular endo-  ningioma before and after GKRS, and investigated the changes

thelial growth factor (VEGF). With stimulation by hypoxia, VEGF in this biomarker to predict treatment efficacy and radiation-in-

involves in the formation of new blood vessels. Based on its po-  duced complications after GKRS.

tential to increase vascular permeability, Senger et al."” first hy-

pothesized an involvement of VEGF in angiogenesis. It isalsoin- ~ INWJATERIALS AND METHODS

directly involved in the development of peritumoral edema (PTE).

PTE has been widely reported subsequent to GKRS. Edema de- ~ Patient population

veloped in 25% to 71% of patients with nonbasal menigniomas, Fourteen consecutive patients with meningioma, all of whom
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provided written informed consent, were enrolled in a prospec-
tive protocol that was reviewed and approved by the institution-
al review board at our hospital. Thirteen of these patients un-
derwent GKRS as the primary treatment for meningiomas, and
the remaining one patient underwent GKRS following surgical
resection. Peripheral blood samples donated from 20 volunteers
without known malignancy or pregnancy were used as controls.

Sample collection and ELISA for VEGF

Peripheral venous whole blood was obtained before radiosur-
gery and 1 week, 1 month, 3 months, and 6 months after GKRS.
Blood samples from protocol participants were collected in citrate-
supplemented tubes and centrifuged at 3200 rpm for 10 minutes
at 4°C. The supernatant including plasma fraction was transferred
into microtube and immediately frozen in aliquots at -80°C until
analysis. The analysis was performed with a commercially avail-
able ELISA kit (Quantikine Human VEGF Immunoassay, all
from R&D Systems, Minneapolis, MN, USA) according to the
manufacturer’s instructions. All samples collected from a patient
were assayed simultaneously.

Radiosurgical technique and measurement of volume

SRS was carried out using a Gamma Knife Model C (Elekta AB,
Stockholm, Sweden). T1-, T2-, and enhanced T1-weighted mag-
netic resonance (MR) images with a slice thickness of 2 mm
were used for the 3-dimensional reconstructions and treatment
planning. The MR images were transferred to a workstation for
post-processing and analysis. The Gamma Plan system was used
to determine the GKRS for all patients. To deliver a highly con-
formal dose to the tumor, multiple small isocenters were used.
The volume of the tumor ranged from 0.8 cc to 14.6 cc (median,
5.0 cc). The median marginal dose was 12.5 Gy (8-14 Gy). In
all patients, the 50% isodose line was used for the margin. The
maximal radiation doses varied between 16 and 28 Gy (median,
25.0 Gy). The size of each tumor and PTE, before and 6 months
after GKRS, was retrospectively measured using the Gamma Plan
workstation and picture archiving and communicating system
system.

Statistical analysis

All analyses were performed using SPSS 18.0 for Windows
(IBM Corporation, Chicago, IL, USA). Because the data were not
distributed normally, they were analyzed using the Wilcoxon
rank sum test, the Mann-Whitney U test, and the Kruskal-Wallis
test. Correlations were assessed using the nonparametric Spear-
man rank correlation. p values less than 0.05 were accepted as the
threshold for statistical significance.

RESULTS

Of the 14 consecutive patients enrolled, 11 were women and
3 were men (median age 59 years, range 40-81). In the 20 con-
trols, there were 5 women and 15 men and their median age was
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49.5 years (range 30-63). Seven patients had basal meningiomas
(50%), 3 had meningiomas located on the convexity (21.4%), 2
had falx meningiomas (14.3%), 1 had tentorial meningioma
(7.1%), and 1 had parasagittal meningioma (7.1%). The patient
and tumor characteristics, along with radiosurgical parameters,
are summarized in Table 1. At the 6 months MR imaging, 64.3%
of tumors decreased in size, 14.3% were stable, and 21.4% in-
creased in size.

Plasma VEGF concentrations

The mean plasma VEGF level in patients with meningioma
was 29.6 pg/mL (range 0.59-106.2) before GKRS, and 62.4 pg/
mL (range 9.2-153.1) in the control group. VEGF levels in pa-
tients with meningiomas were significantly lower than that of the
control group (p=0.019). In the control group, there was no sig-
nificant difference in VEGF levels between the sexes (p=0.274).
VEGF levels were not significantly correlated with age (p=0.103).
In patients, there was no significant difference in VEGF levels be-
tween the sexes (p=0.160). No correlation was found between plas-
ma VEGF level and patient age (p=0.403) or tumor size (p=0.075).

Plasma VEGF concentrations after SRS
At 1 week after GKRS, the mean plasma VEGF levels decreased

Table 1. The patient and tumor characteristics and radiosurgical param-
eters

Variable Median (range)
Age (years) 59 (40-81)
Gender (female : male) 11:3
Tumor volume (mL) 5.0 (0.8-14.6)
Tumor size 6 months after radiosurgery
Increased 3(21.4%)
Stable 2(14.3%)
Decreased 9 (64.3%)
Margin dose (Gy) 12.5 (8-14)
Maximal dose (Gy) 25.0 (16-28)
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Fig. 1. Plasma concentrations of VEGF before and after Gamma Knife ra-
diosurgery (GKRS). VEGF : vascular endothelial growth factor.



to 23.4 pg/mL (median, 18.2 pg/mL), then dropped to 13.9 pg/
mL (median, 11.6 pg/mL) at 1 month, 14.8 pg/mL at 3 months
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two patients had preradiosurgerical PTE. One patient had a sphe-
noid ridge meningioma and the other had a parasagittal menin-

(median, 5.7 pg/mL), and finally increased to 27.7 pg/mL (me-

Table 3. Characteristics of patients with/without PTE
dian, 20.3 pg/mL) at 6 months (Fig. 1). Four of 14 patients expe- P

rienced a constant decrease of VEGF concentration. However, 8 Variable PTE() (n=12) PTE (+) (n=2)
patients showed a temporary increase within 3 months after Age 56.5 (40-81) 64.5 (60-65)
GKRS, with a slow decline thereafter. The mean plasma VEGF Female o 2
. . . . . Tumor volume (mL) 5.0 (0.8-14.6) 3.7 (2.2-5.0)

levels in patients with an increase in tumor volume at 6 months )
MRI were 32.2 pg/mL before GKRS, 25.7 pg/mL at 1 week, 16.5 Margin dose (Gy) 125(8-14) 125(12713)
pg/mL at 1 month, 17.7 pg/mL at 3 months, and 27.7 pg/mLat 6  Lumor size 6 months after
months (Table 2). The mean plasma VEGF levels in patients with radiosurgery
a decrease and no change in tumor size were 20.3 pg/mL before Increased 2
GKRS, 14.8 pg/mL at 1 week, 4.4 pg/mL at 1 month, 4.4 pg/mL IS)tZliZased 2 0
at 3 months, and 37.9 pg/mL at 6 months. There was no signifi- Tumor location
cant difference in plasma VEGF levels between the variable tu- Basal 6 1
mor responses at the different time following GKRS (p=0.769, Falx 2 0
0.368, 0.088, 0.368, and 0.857, respectively). Convexity 3 0

Two patients (14.3%) experienced PTE after GKRS (Fig. 2). The Tentorial 1 0
plasma VEGEF levels 6 months after GKRS in patients with PTE Parasagittal 0 1

increased to 37.9 pg/mL, 42.4 pg/mL, respectively. None of the  Values expressed as the median (range). PTE : peritumoral edema

Table 2. Demographic and clinical characteristics of 14 meningioma patients

VEGF (pg/mL)
Patient Age/Sex Turnpr Tumor Tumor size Margin Before Ep—— 6months  PTE
no. location volume (mL) 6 months after SRS dose (Gy)
SRS after SRS after SRS
1 78/M Basal 53 4.8 12 15.88 2.54 NR -
2 53/F Basal 9.7 8.1 11 52.88 55.76 14.18 -
3 60/M Convexity 7.3 4.9 12 32.47 26.25 NR -
4 66/M Falx 52 4.9 12 23.57 15.40 NR -
5 52/F Falx 0.8 1.0 14 21.30 5.83 NR -
6 70/F Basal 14.6 134 8 25.34 1.22 20.32 -
7 55/F Tentorial 4.8 4.2 13 8.68 553 2.83 -
8 69/F Basal 58 5.0 12 18.18 553 42.38 +
9 58/F Convexity 1.5 1.6 14 24.06 2.53 NR -
10 60/F Parasagittal 1.6 2.2 13 15.47 4.75 37.93 +
11 55/F Convexity 1.7 1.7 14 69.55 30.79 NR -
12 81/F Basal 1.1 1.1 14 0.59 29.46 8.62 -
13 40/F Basal 29 2.8 13 0.59 0.78 NR -
14 52/F Basal 59 4.5 12 106.16 21.10 67.82 -

SRS : stereotactic radiosurgery, PTE : peritumoral edema, NR : not reported, VEGF : vascular endothelial growth factor

Fig. 2. Enhanced T1-weighted (A) and T2-weighted (B) magnetic resonance (MR) imaging obtained in a 60-year-old women who had a parasagittal

meningioma. GKRS was performed with a margin dose of 13 Gy to the 50% isodose line. The MR image obtained 6 months after GKRS shows in-
creased tumor volume from 1.6 mm® to 2.2 mm® (C) and a new peritumoral edema (D). GKRS : Gamma Knife radiosurgery.
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gioma involving superior sagittal sinus. Age, sex, radiation dose,
and tumor size were not significantly correlated with development
of PTE (p=0.410, 0.604, 0.849, and 0.855, respectively) (Table 3).
The average VEGF levels for non-PTE patients decreased 16.0
pg/mL from baseline to 6 months; on the other hand, the average
VEGEF levels for PTE patients increased 23.3 pg/mL over the same
period. However, the difference the two groups was on the bor-
derline for statistical significance (p=0.053).

DISCUSSION

Angiogenesis is important for the development and progres-
sion of brain tumors and has been a recent therapeutic target. VEGF
is the most potent angiogenic factor known so far*>"*’ It stimu-
lates endothelial cell proliferation and enhances vascular perme-
ability. Among many types of brain tumors, the highest levels of
VEGEF concentrations were detected in plasma derived from pa-
tients suffering from meningioma”. For the treatment of menin-
gioma, surgical resection remains the best options. SRS has be-
come a well-accepted alterative modality; however, the most
frequent side effect after GKRS is the occurrence of PTE, which
can cause neurological deficits in patient'®.

In the present study, we evaluated plasma VEGF levels in a
healthy control group and in patients with meningioma before
and after GKRS in order to understand the complex mechanism
of angiogenesis in tumor growth and treatment. Our finding from
serial measurement of plasma VEGF suggests that VEGF may
play a role in monitoring tumor response and radiation-induced
complications following SRS for meningioma.

Change of plasma VEGF level

Plasma VEGF was detectable in the peripheral blood of normal
healthy volunteers in a previous report'®. The origin and biolog-
ic role of VEGF in controls are unknown; however, their find-
ing implies a role for endothelial mitogens in the maintenance
of physiologic endothelial integrity”. Unexpectedly, plasma VEGF
concentration in controls was significantly higher than that in
patients with meningiomas in our study. Our finding contrasts
with studies for systemic cancer and controls*”?
recent study, plasma VEGF levels at baseline in patients harbor-
ing arteriovenous malformations were significantly decreased
when compared to their control population”. Kim et al.” sug-
gests that elevated local VEGF production may cause the release
of a molecular mediator which activates an inhibitory feedback
mechanism that downregulates systemic VEGF production. How-
ever, this hypothesis is not sufficient to justify the perplexing
findings of lower plasma VEGF level in patients with meningio-
mas. We need to collect much more data in order to understand
normal or abnormal plasma VEGF levels in patients with menin-
giomas.

After meningiomas were treated by SRS, the plasma VEGF lev-
els decreased 1 week, 1 month, and 3 months, consecutively; the-
ses levels returned to their baseline values after 6 months. This

. However, in a
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return to baseline levels implies that counter-regulatory mecha-
nisms are activated by modulation of angiogenic balance after
GKRS. Meanwhile, following surgical resection of arteriovenous
malformation and renal cell carcinoma, it took 5 days—1 month
to return to baseline levels of VEGF™
tion of counter-regulatory mechanisms after SRS for meningio-
ma takes longer in comparison with surgery. Eight (57.1%) patients
showed a temporary increase within 3 months after GKRS. The
transient increase may be thought to be related to the induction
of tissue hypoxia following radiosurgery, which leads to VEGF
production.

In the current study, there were no significant differences in
plasma VEGF levels between the patients with an increase in tu-
mor volume and a decrease or no change 6 months after GKRS.
The meningioma response following SRS occurs slowly and
progressively”. Tumor regression may take up to several years
following radiosurgery. Our preliminary experience could not be
enough to explain the relation between tumor control and plas-
ma VEGF levels. Meanwhile, Preusser et al."” suggested that mi-
crovessel density (MVD) value was generally higher in menin-
giomas with expression of VEGE High MVD correlated with
unfavorable prognosis in their series of recurring meningiomas.
VEGEF seems important for tumor growth and recurrence in me-
ningiomas. VEGF may be used to identify patients at risk of tu-
mor recurrence as well as PTE.

. This suggests that activa-

Peritumoral edema and VEGF

VEGEF is one of the molecular markers of hypoxia/hypoxia
regulated angiogenesis and is increased in the area of necrosis
in tumors. Twelve of 14 patients experienced a decreased pattern
of VEGEF after radiosurgery. However, 2 patients with PTE had
higher levels of VEGF 6 months after GKRS as compared to the
preradiosurgical concentration. VEGF is crucial in vascular per-
meability as well as angiogenesis and therefore indirectly in PTE
formation in menigiomas'”. Kan et al.” suggested that increased
vascular permeability induced by VEGF predisposes meningio-
mas to vasogenic PTE after SRS. Our results suggest an associa-
tion between the development of PTE and high VEGEF. Due to
the small sample size and a result which is on the borderline of
statistical significance, more investigation into this possible as-
sociation is necessary.

Role of VEGF in meningioma

The major roles of VEGF in meningioma could be the induc-
tion of neovascularization for tumor growth and the develop-
ment of vasogenic edema. VEGF is a potential target for clinical
research involving patients with meningioma. Anti-VEGF agents
are under investigation for the treatment of meningioma and PTE
after radiosurgery. Plasma VEGF measurement may be a useful
tool to monitor the efficacy of anti-VEGF agents for treating not
only VEGF-secreting tumor cells, but also PTE.

There are some limitations of the present study. This study had
a small number of patients and a relatively short follow-up peri-



od. As a result the statistics were flawed by the sample size. The
hypothesis in this study was that plasma VEFG levels might
change in response to SRS for meningiomas, however, the con-
trol group had higher basal levels compared to patients with me-
nigiomas. We need sufficient data related to plasma VEGF levels
in control group and abnormal levels in brain tumor patients to
use plasma VEGF levels as a potential diagnostic tool for tumor
response after SRS. Plasma VEGF levels may be different accord-
ing to tumor vascularity, tumor location, PTE, and the timing of
the sampling. A controlled systematic prospective study with a
longer follow up is necessary in order to evaluate the treatment
outcome of meningioma following GKRS.

CONCLUSION

Measurement of VEGF in the peripheral blood is a relatively
simple and reproducible way for monitoring the activity of an-
giogenesis and vascular permeability. Our study is an early data
study of the potential association of plasma VEGF levels and me-
ningiomas. It may support evidence for further work related to
whether plasma VEGF levels become a useful tool for tumor re-
sponse after SRS.
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