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toxicity (proteinuria, 2; colitis, 1, thrombocytopenia, 1). 
However, other grade 3 toxicity was uncommon, and no 
patient had grade 4 toxicity. The combination of evero-
limus and bevacizumab was well-tolerated, and produced 
stable disease in 88 % of patients; the median duration of 
disease stabilization of 10 months (2–29). The median PFS 
from this prospective trial was similar to previous retro-
spective reports of bevacizumab in the treatment of recur-
rent meningioma.
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Introduction

Meningiomas are tumors that arise from the meninges and 
account for 13–26 % of central nervous system tumors [1]. 
The World Health Organization (WHO) criteria are used to 
classify these tumors by morphologic features into three 
categories: I—Benign; II—Atypical and III—Malignant 
[2]. Prognosis and treatment differ across categories. WHO 
grade I tumors are generally asymptomatic and slow grow-
ing, while WHO grade II and III tumors are more likely to 
be invasive, recur following initial treatment, and are asso-
ciated with a shorter overall survival (OS) than WHO grade 
I tumors [3]. While the initial and subsequent treatment 
approaches for patients with meningioma includes surgi-
cal resection, if possible, and radiation, there are no defined 
standard treatments for patients whose disease recurs after 
these modalities fail.

Angiogenesis is vital to the growth of tumors and higher 
grade meningiomas are highly vascular tumors. These 
grade II and III tumors in particular are characterized by 
high microvascular density and display upregulation of 
hypoxia and angiogenesis-related factors [4, 5]. Reszec et 

Abstract  Meningiomas that progress after standard ther-
apies are challenging with limited effective chemotherapy 
options. This phase II trial evaluated the efficacy of evero-
limus plus bevacizumab in patients with recurrent, progres-
sive meningioma after treatment with surgical resection and 
local radiotherapy when appropriate. Patients with recur-
rent meningioma (WHO grade I, II, or III) following stan-
dard treatments with surgical resection and radiotherapy 
received bevacizumab (10  mg/kg IV days 1 and 15) and 
everolimus (10  mg PO daily) each 28  day cycle. Evalua-
tion of response occurred every 2 cycles. The primary end-
point was progression-free survival (PFS). Secondary end-
points included response rate, overall survival and safety. 
Seventeen patients with a median age of 59 years (29–84) 
received study treatment. WHO grades at study entry 
included: I, 5 (29 %); II, 7 (41 %); III, 4 (24 %); unknown, 
1 (6 %). Patients received a median of 8 cycles (1–37); all 
patients are off study treatment. A best response of SD was 
observed in 15 patients (88 %), and 6 patients had SD for 
>12 months. Overall median PFS was 22 months (95 % CI 
4.5–26.8) and was greater for patients with WHO grade 
II and III compared to grade I tumors (22.0  months vs 
17.5 months). Four patients discontinued treatment due to 
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meningioma, with PFS as the primary endpoint. Assessment 
of the safety of this regimen, which is well tolerated in other 
disease indications, was a secondary objective.

Patients and methods

This phase II multi-centered, open-label study (NCT009 
72335) was conducted in accordance with all applicable 
regulatory guidelines, and under the guidance of the Dec-
laration of Helsinki [17]. The study was conducted at nine 
sites of the Sarah Cannon Oncology Research Consortium; 
institutional review boards at each site granted approvals 
prior to the consenting of patients. The primary and second-
ary endpoints were PFS and safety respectively.

Patient selection

Adult patients with symptomatic WHO grades I, II, or III 
progressive or refractory meningioma for which they had 
received up to one prior systemic regimen were enrolled. 
Patients must have undergone surgical resection, if pos-
sible, and definitive radiotherapy, when appropriate, for 
unresectable or recurrent disease. Resection and radiation 
must have been completed at least 4 and 2 weeks, respec-
tively, prior to study treatment. Furthermore, patients were 
required to have measurable disease, an Eastern Coopera-
tive Oncology Group (ECOG) performance status of 0–2 
and adequate hematologic, renal, and hepatic function. The 
ability to swallow and retain whole pills was required, and 
prior treatment with non-approved or investigational agents 
must have been completed >4 weeks before beginning study 
treatment. Prior treatment with bevacizumab, other anti-
angiogenesis agents, or mTOR inhibitors was not allowed. 
Women of child-bearing potential were required to have a 
negative serum pregnancy test.

Treatment and dose modification

Bevacizumab was provided by Genentech and was admin-
istered at 10  mg/kg by intravenous (IV) infusion on days 
1 and 15 of each 28-day cycle. Patients were instructed to 
take everolimus 10 mg orally (PO), provided by Novartis, 
at the same time once daily, swallowed whole with a glass 
of water. Growth factors were not administered prophylac-
tically; however, use of these agents to treat hematologic 
toxicity was at the discretion of the treating investigator.

Toxicities were assessed using the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events 
(NCI CTCAE) version 3. No more than two dose reduc-
tions were allowed for the 10 mg daily dose of everolimus 
(first reduction, 5 mg daily; second reduction, 5 mg every 
other day). Patients who discontinued everolimus because 

al. reported that vascular endothelial growth factor (VEGF) 
expression (assessed by IHC) was increased in 29/43 high 
grade meningiomas (67.4 %) while only 29/93 low grade 
meningiomas (30.1 %) expressed VEGF. They noted that 
more intense VEGF expression was seen in recurrent and 
anaplastic meningiomas and also noted a statistically sig-
nificant correlation between VEGF expression and tumor 
grading [6]. Other groups have correlated increased VEGF 
expression with increased peritumoral brain edema [7–9] in 
this patient population. Similarly, it is known that activation 
of mTORC1 occurs in high grade meningiomas, and a sig-
nificant dose-dependent growth inhibition by temsirolimus 
and everolimus has been observed in all meningioma cell 
lines tested [10].

Clinical trials in patients with refractory meningioma 
have also suggested a possible role for angiogenesis inhibi-
tors. Results from a phase two trial with sunitinib in grade II/
III meningioma patients revealed a median progression-free 
survival (PFS)-6 of 36 % and a median PFS of 5.1 months 
[11]. Vatalanib, a tyrosine kinase inhibitor of the vascu-
lar endothelial growth factor receptor (VEGFR), showed 
modest activity in patients with refractory meningioma 
[12]. Two retrospective studies evaluating the role of bev-
azicumab have also been reported: the first one evaluated 
patients with atypical and anaplastic meningiomas treated 
with bevacizumab and showed a median PFS of 26 weeks, 
with a PFS-6 rate of 43.8 % [13]. In the second retrospec-
tive review, patients with recurrent meningioma who were 
treated with bevacizumab had an overall median PFS and 
a PFS-6 of 17.9 months and 85.7 %, respectively. Patients 
with grade II/III meningioma had a slightly longer median 
PFS (15.8 months) than grade I patients (12.2 months) [14].

Furtner et al. recently published a retrospective analy-
sis of serial cranial MRI in patients with WHO II and III 
recurrent meningioma treated with systemic therapy [15]. 
They conducted a detailed analysis of the MRI images 
obtained before, during and after treatment and measured 
the tumor volume, maximum tumor diameter and volume 
of peritumoral edema. Using this information, they calcu-
lated growth rates of tumor diameter and tumor volume and 
observed that the most pronounced decrease in growth rates 
was seen in patients treated with bevacizumab. There was 
some drug induced tumor growth inhibition with other sys-
temic therapies, albeit considerably smaller than seen with 
bevacizumab.

Inhibition of mTOR with everolimus and VEGF-A 
ligand with full dose bevacizumab has been a strategy that 
has shown some activity in kidney cancer and glioblastoma 
(GBM) patients. This combination was administered as 
maintenance therapy after concurrent radiotherapy, temo-
zolomide and bevacizumab in the first-line setting [16]. 
Hence, this phase II trial was designed to evaluate the 
efficacy of this combination for patients with refractory 
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treatment. Using a linear regression, the rate of increase or 
decrease of each patient’s overall tumor burden was cal-
culated and found to be 0.0167 ± −0.0053 cm3/day prior to 
initiating treatment on the study protocol. However, overall 
tumor burden was found to decrease while on treatment at a 
rate of −0.0029 ± 0.261 cm3/day (p = 0.46 t test).

V AP T CC
=
4
3 2 2 2
π C

Results

Patient characteristics and treatment received

Between January 2010 and December 2011, 18 patients 
were enrolled in this study. Prior to treatment, 1 patient was 
found to be ineligible (no evidence of disease on baseline 
brain MRI) and is not included in the study analysis. The 
projected patient population of 41 was not reached as a 
result of the trial closing early due to slow accrual. Baseline 
characteristics of the 17 treated patients are summarized in 

of toxicity were allowed to continue treatment with beva-
cizumab as long as tumor progression was not evident and 
tumor-related symptoms were not present. With the excep-
tion of a > 10 % reduction in a patient’s baseline weight, there 
were no dose reductions allowed for bevacizumab. If beva-
cizumab was held because of toxicity, the dose remained the 
same if treatment resumed.

Patients were evaluated for response to treatment follow-
ing the completion of 2 cycles (8 weeks) by magnetic reso-
nance imaging (MRI) using the MacDonald criteria [18]. 
Treatment continued in the absence of disease progression 
or unacceptable toxicity, with MRI evaluations repeated 
every 2 cycles to assess response to treatment.

Assessments

Prior to the initiation of treatment, all patients underwent 
a complete medical history, physical examination, standard 
laboratory tests, assessment of vital signs and ECOG per-
formance status. These assessments were repeated at the 
beginning of each 28-day treatment cycle and at the end 
of treatment. A single electrocardiogram was performed at 
screening and at the end of treatment. A computed tomogra-
phy (CT) scan of the chest or chest radiograph was required 
every 2 cycles to monitor patients for pneumonitis.

There is no treatment for refractory meningioma that 
has been shown to be effective and the estimated PFS for 
these patients is 2 months. It was anticipated that the median 
PFS of patients in this study receiving the combination of 
bevacizumab and everolimus would be 4 months. To dem-
onstrate this improvement in PFS at an alpha level of 0.05 
and 85 % power, the treatment of 37 evaluable patients was 
required. In order to account for a 10 % rate of inevaluable 
patients, accrual of 41 patients was planned.

PFS was defined as the time from randomization until 
objective disease progression or death. Patients for whom 
no date of progression or death was captured were cen-
sored on the date of the last adequate disease assessment. 
Patients were also censored if subsequently treated follow-
ing discontinuation from study. PFS was estimated using the 
method of Kaplan and Meier [19].

Tumor burden was assessed in selected patients by 
reviewing the MRI scans of the lesions. In eight patients, 
the radiologist selected the patients’ most prominent lesions 
(between one and seven lesions were selected per patient) 
and provided measurements in three dimensions for each 
lesion. For each lesion, an ellipsoid volume was calculated 
using the formula below and the overall tumor burden was 
determined by summing the volume of each lesion. Overall 
tumor burden was calculated for each scan assessed while 
the patient was on the study protocol as well as for scans 
preceding study treatment. The earliest overall tumor bur-
dens were calculated 1188 ± 198 days prior to C1D1 of study 

Table 1  Patient characteristics (N = 17)

Characteristic Number of 
patients (%)

Median age (years, range) 59 (29–84)
Race
Caucasian 16 (94 %)
African American 1 (6 %)

Baseline ECOG
0 6 (35 %)
1 6 (35 %)
2 3 (18 %)
3 2 (12 %)

Initial resection
Partial resection 13 (76 %)
Complete resection 3 (18 %)
Unresectable 1 (6 %)

Subsequent surgical resection 13 (76 %)
Radiotherapy 12 (70 %)
Radiosurgery (SRS, gamma knife, cyberknife) 10 (59 %)
Prior systemic treatment 3 (18 %)
WHO grade (at study entry)a

I—Benign 4 (24 %)
II—Atypical 7 (41 %)
III—Malignant 5 (29 %)
Not documented 1 (6 %)

aSix patients with benign histology at initial diagnosis developed 
Grade II or III histology at recurrence/progression
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(6 %) expired due to disease after 1 cycle of treatment and 
was not evaluated. There were no objective responses to 
treatment. Fifteen patients (88 %) had stable disease with 
a median duration of 10 months (range 2–29 months). Fig-
ure 1 depicts the total disease burden relative to the tumor 
burden at baseline from the pre-treatment period through 
the duration on study treatment in eight patients. The data 
presented in the figure demonstrates tumor growth stabiliza-
tion in some patients after receiving treatment. This is most 
clearly seen in patient number ten represented by the curve 
in red color in the figure.

The PFS is shown in Fig. 2. At a median follow up of 20 
months (range 4–31), the median PFS was 22 months (95 % 
CI 4.5–26.8). The 6-, 12-, and 18-month PFS rates were 69, 
57 and 57 %, respectively.

Patients with WHO grade II/III tumors appeared to have 
a longer median PFS than patients with grade I tumors 
(22 months vs 17.5 months). Figure 3 shows the OS. Median 
OS was 23.8  months (95 % CI 9.0–33.1). The OS rate at 
18 months was 69 %.

Adverse events

Treatment-related toxicities are shown in Table  4. One 
patient experienced grade 3 thrombocytopenia. Grade 1/2 
thrombocytopenia was the most common hematologic tox-
icity, observed in nine patients (53 %). Severe non-hema-
tologic events were uncommon, with no grade 4 events, 
and proteinuria was the only adverse event observed in 
two or more patients (2, 12 %). Four patients discontinued 
treatment due to toxicity: Grade 3 colitis, Grade 3 chronic 
thrombotic microangiopathy/Grade 3 proteinuria, Grade 2 
proteinuria/nephrotic syndrome, and Grade 3 thrombocyto-
penia (one patient each).

Table  1. Twelve patients (70 %) had baseline ECOG per-
formance status of zero or one and seven patients (41 %) 
had atypical (WHO grade II) tumors at study entry. Three 
patients (18 %) had undergone complete resection and sub-
sequently relapsed prior to study entry; one patient (6 %) 
was unresectable due to tumor location. Thirteen patients 
(76 %) underwent partial surgical resection. Twelve patients 
(70 %) had received prior radiotherapy, ten patients (59 %) 
had received prior radiosurgery. Additional prior therapy 
details are included in Table 2.

Patients received a median of 8 cycles (range 1–37) of 
treatment with bevacizumab and everolimus. All patients are 
off treatment; reasons for treatment discontinuation include 
disease progression (six patients, 35 %), intercurrent illness 
(two patients, 12 %), patient request (two patients, 12 %), 
death due to disease, investigator discretion and patient 
withdrew consent (one patient, 6 % each). Four patients 
(22 %) discontinued treatment due to toxicity (proteinuria, 
2; colitis, 1; thrombocytopenia, 1).

Efficacy

Sixteen patients (94 %) received at least 2 cycles and were 
evaluated for response to treatment (Table 3). One patient 

Table 3  Response to treatment (N = 17)

Response assessment Number of patients (%)

Complete response 0
Partial response 0
Stable disease 15 (88 %)
Progressive disease 1 (6 %)
Unevaluablea 1 (6 %)
aPatient expired after receiving only 1 cycle of treatment

Fig. 1  Tumor growth stabilization during study treatment. The data 
presented in Fig. 1 shows that, in general, the tumor burden for the 
patients stabilized upon receiving study treatment (patient numbers in 

the graph correspond to the patient numbers noted in Table 2 in the 
manuscript). This is most clearly seen in patient number 2 represented 
by the curve in red color in the graph
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the combination of bevacizumab and everolimus in refrac-
tory meningioma patients compare favorably to the two pub-
lished retrospective trials, with a median PFS of 22 months 
(95 % CI 4.5–26.8) and a median OS of 23.8 months (95 % 
CI 9.0–33.1). Over two-thirds of the 17 patients treated 
with this combination had WHO grade II or III tumors at 
study entry. While there were no objective responses docu-
mented, 15 patients (88 %) had stable disease as the best 

Discussion

There have been two retrospective studies published eval-
uating the role of bevacizumab in patients with recurrent 
meningioma [13, 14]. To our knowledge, this is the first 
prospective trial to evaluate a bevacizumab-based regimen 
in patients with recurrent meningioma, albeit with small 
patient numbers. The results from our prospective trial with 

Fig. 2  a Progression-free survival. b Progression-free survival by WHO grade
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response. In six of these 15 patients, the duration of stable 
disease was >12 months. The median PFS in patients with 
WHO grade II/III tumors was slightly higher than in patients 
with WHO grade I tumors (22 months vs 17.5 months).

We hypothesize that these higher grade tumors which 
are more vascular are also potentially more dependent 
upon downstream mTOR and AKT signaling may therefore 
also respond better to anti-angiogenic therapy and mTOR 
inhibition. Normally grade II and III meningiomas have 
a lower PFS than grade 1 tumors; but our study suggests 
that treatment of these higher grade meningiomas with the 
combination of bevacizumab and everolimus improves the 
median PFS similar to that of the low-grade meningiomas. 
However, the sample size is small and therefore conclusions 
ought to be drawn with caution. Larger trials in this popula-
tion of patients would be needed to confirm this hypothesis.

Recurrent meningioma patents treated with bevacizumab 
and everolimus experienced tumor growth stabilization as 
seen from the data presented in Fig.  1. This is especially 
apparent in patient #2 who had a steady increase in tumor 
growth prior to study entry but this increase was stemmed 
upon receiving 2 cycles of study treatment; a similar but less 
dramatic change in the pace of tumor growth was observed in 
patient #14. Furtner’s retrospective analysis also performed 
volumetric analysis of tumor and edema during and after 
treatment and found the greatest tumor inhibition in patients 
receiving bevacizumab. These data corroborate with our 
observations of tumor growth stabilization in meningioma 
patients who received bevacizumab plus everolimus.

Adverse events did not significantly limit the ability for 
patients to receive the combination of bevacizumab and 
everolimus. Four patients (22 %) discontinued treatment due 

Fig. 3  Overall survival

Table 4  Treatment-related toxicities (N = 17)

Toxicity Number of patients (%)

Grade 1 Grade 2 Grade 3 Total

Hematologic
Thrombocytopenia 7 (41 %) 2 (12 %) 1 (6 %) 9 (53 %)
Anemia 5 (29 %) 1 (6 %) 0 6 (35 %)
Leukopenia 2 (12 %) 0 0 2 (12 %)
Neutropenia 1 (6 %) 1 (6 %) 0 2 (12 %)

Non-hematologic
Hypercholesterolemia 4 (24 %) 4 (24 %) 1 (6 %)** 9 (53 %)
Mucositis 5 (29 %) 4 (24 %) 0 9 (53 %)
Fatigue 6 (35 %) 1 (6 %) 1 (6 %) 8 (47 %)
Proteinuria 0 4 (24 %) 2 (12 %) 6 (35 %)
Hypertriglyceridemia 3 (18 %) 2 (12 %) 1 (6 %)** 6 (35 %)
Rash/desquamation 2 (12 %) 3 (18 %) 1 (6 %) 6 (35 %)
Diarrhea 4 (24 %) 1 (6 %) 1 (6 %) 6 (35 %)
Hypertension 1 (6 %) 3 (18 %) 1 (6 %) 5 (29 %)
Edema—limb 1 (6 %) 4 (24 %) 0 5 (29 %)
Vomiting 2 (12 %) 1 (6 %) 1 (6 %) 4 (24 %)
Anorexia 3 (18 %) 1 (6 %) 0 4 (24 %)
Nausea 3 (18 %) 1 (6 %) 0 4 (24 %)
Hyperglycemia 1 (6 %) 2 (12 %) 0 3 (18 %)
Pain—oral cavity 1 (6 %) 2 (12 %) 0 3 (18 %)
Epistaxis 2 (12 %) 1 (6 %) 0 3 (18 %)
Headache 2 (12 %) 1 (6 %) 0 3 (18 %)
Arthralgia 2 (12 %) 1 (6 %) 0 3 (18 %)

**Grade 3 hypercholesterolemia patient and Grade 3 
hypertriglyceridemia patient met inclusion criteria (fasting serum 
cholesterol ≤300  mg/dL OR fasting triglycerides ≤2.5 × ULN); 
however, both had elevated cholesterol levels at baseline
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and peritumoral edema before during and after systemic herapy 
in recurrent WHO grade II or grade III menigoma. Neuro Oncol 
18:401–407

16.	 Hainsworth JD, Shih KC, Shepard GC et al (2012) Phase II study 
of concurrent radiation therapy, temozolomide and bevacizumab 
followed by bevacizumab/everolimus as first-line treatment for 
patients with glioblastoma. Clin Adv Hematol Oncol 10:240–246

17.	 Declaration of Helsinki. In: www.wma.net/e/ethicsunit/helsinki.
htm, World Medical Association, Ethics Unit 2007

18.	 Macdonald DR, Cascino TL, Schold SC Jr, Cairncross JG (1990) 
Response criteria for phase II studies of supratentorial malignant 
glioma. J Clin Oncol 8:1277–1280

19.	 Kaplan E, Meier P (1958) Nonparametric estimation from incom-
plete observations. J Am Stat Assoc 53:457–481

to toxicity, and there were no treatment-related deaths. The 
incidence and severity of reported events were consistent 
with the known toxicity profiles of bevacizumab and evero-
limus, both as single agents and when used in combination.

To summarize, the results from this prospective trial 
are consistent with the data from other small retrospec-
tive studies with bevacizumab in recurrent meningioma 
patients. Treatment with bevacizumab and everolimus did 
not produce any objective tumor responses, but resulted in 
prolonged disease stability by (>12 months) in six patients 
(35 %). The combination of the two targeted therapies was 
well tolerated in most patients; bevacizumab-related toxici-
ties were limited to proteinuria and hypertension.
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