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New Approaches for the Treatment of 
Refractory Meningiomas

Brian Ragel, MD, and Randy L. Jensen, MD, PhD

Background: Complete surgical resection is the first-line therapy for meningiomas. However, tumor location

and biological aggressiveness can make surgical cure impossible. Treatment options for these refractory 

meningiomas include further surgery, conventional external beam irradiation, stereotactic radiosurgery, and

systemic therapies. In this paper, we discuss new and emerging systemic therapies when these "local" treatment

options are not successful.

Methods: We reviewed predictors of refractory meningiomas and novel systemic therapies in the treatment of

refractory meningiomas.

Results: Tumor location, atypical or malignant histologic subtypes, and staining for the Ki-67 protein (MIB-1

antibody) with a high labeling index are the best predictors of tumor recurrence. Novel systemic treatment

options include angiogenesis inhibition, meningioma cell growth inhibition, blockade of growth factor effects,

inhibition of intracellular secondary pathways, and gene therapies.

Conclusions: MIB-1 labeling index staining is a good predictor for refractory meningiomas. Currently, the

best-studied systemic treatment for patients with refractory meningiomas is hydroxyurea. Blockade of the

growth hormone receptor by pegvisomant is promising because in vivo and in vitro studies have shown good

results and the drug has a known side effect profile.

Several new systemic therapies 

for refractory meningiomas 

are now being studied.
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Introduction

Meningiomas are the second most common cen-
tral nervous system tumor, accounting for approxi-
mately 20% of all primary adult intracranial tumors.
The vast majority of meningiomas occur in patients
between 50 and 60 years of age, with a twofold higher
incidence in women.1 The biological behavior of
meningiomas is one of continued growth, ultimately
leading to compression of neuronal structures. The
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treatment of choice is surgery, which is frequently suc-
cessful in treating these tumors. There are usually two
reasons that surgery is ineffective. First, tumor location
or proximity to neurovascular structures may make
complete resection impossible. Second, the inherent
biology of the tumor may give a particular meningioma
a greater propensity for recurrence despite seemingly
complete resection (Table 1). Fortunately, histologically
atypical or malignant tumors comprise less than 10% of
meningiomas. These two types of tumors are especial-
ly disposed to recurrence.2

Surgery is the treatment of choice for sympto-
matic meningiomas, although asymptomatic menin-
giomas may be followed with serial imaging. The
Simpson classification is the most well known for
prediction of tumor recurrence after surgical resec-
tion. The extent of surgical resection, according to the
Simpson classification system (Table 2), ranges from
grade 1 (complete resection) to grade 5 (decompres-
sion only).3 Following a macroscopically complete
resection, the 5-, 10-, and 15-year recurrence-free rates
were 93%, 80%, and 68%, respectively. For incom-
pletely resected lesions, the progression-free rates at
the same postoperative intervals were expectedly
lower, at 63%, 45%, and 9%.4

Atypical and malignant meningiomas comprised
6.3% and 1.7% in one retrospective series of 319
intracranial meningiomas.5 Atypical and malignant
meningiomas have an earlier peak incidence compared
with their benign counterparts. Curiously, there is an
almost equal distribution between sexes, with a
male:female ratio of 1:0.9 for the more aggressive
meningiomas vs 1:2.3 for the histologically benign.5

Mahmood et al5 noted that radiographically, all these
tumors showed moderate to severe peritumoral edema.
At 5 years after complete removal, recurrence rates for
benign meningiomas range from only 2% to 3%, but the
recurrence rates range from 38% to 50% for atypical
ones and 33% to 78% for anaplastic ones. The median
times to recurrence are 3.1 to 7.5 years, 2.4 to 3.3

years, and 3.5 to 7.7 years, respectively.5,6 Overall, atyp-
ical and malignant meningiomas show a much greater
propensity to recur.

Treatment options for recurrence or incomplete
resection include further surgery, conventional external
beam irradiation, stereotactic radiosurgery, and systemic
therapies.7-9 Most patients with malignant meningiomas
will receive radiation therapy after surgery.6,10 Howev-
er, radiation therapy or stereotactic radiosurgery is lim-
ited by radiation neurotoxicity, tumor size, and injury to
adjacent vascular or cranial nerves.8,11 The most promis-
ing antineoplastic agent, hydroxyurea, has proven to be
an effective treatment for recurrent or unresectable
meningiomas.9,12,13 Hormonal therapy has been
attempted using agents that block estrogen or proges-
terone receptors, but trials with tamoxifen, medrox-
yprogesterone acetate, megestrol acetate, and the prog-
esterone receptor antagonist RU486 also have been dis-
appointing.14 To date, these adjuvant therapies have
been ineffective in controlling recurrent meningiomas,
and new treatments should be explored. In this paper,
we discuss emerging or novel therapeutic options that
may become available for meningiomas that are unre-
sponsive to the conventional treatments.

Case Illustration

A 54-year-old man began to have “shoulder prob-
lems”and was seen by a physical therapist. The therapist
believed that the symptoms were more consistent with
a stroke since they included right hemiparesis and cog-
nitive changes. The patient was returned to his internist,
and magnetic resonance imaging (MRI) demonstrated a
posterior left parasagittal meningioma (Fig 1A-C). He
was then admitted to the hospital and underwent a cere-
bral angiogram with subsequent embolization. The fol-
lowing day, a frameless stereotactic-guided craniotomy
and resection were performed. The postoperative MRI
was read as “no evidence of residual tumor” (Fig 1D-E)
but the tumor pathology showed a number of mitotic

Grade Designation Meningioma

I Typical Meningothelial, fibrous, transitional, 
psammomatous, angiomatous, microcystic, 
secretory, clear cell, choroid, lympho
plasmacyte-rich, metaplastic

II Atypical Papillary

III Anaplastic Malignant

* Based on WHO classification 1993.  Sekhar LN, Levine ZT, Sarma S.
Grading of meningiomas.  J Clin Neurosci. 2001;8(suppl 1):1-7.

Table 1. — Pathologic Classification of Meningiomas*

Grade Tumor Resection Recurrence Rate

I Macroscopically complete removal 
of dura, bone 9%

II Macroscopically complete removal, 
dural coagulation 19%

III Complete tumor resection, 
dura not coagulated 29%

IV Partial removal 44%

V Simple decompression

* Based on Simpson grade.3

Table 2. — Resection-Based Classification of Meningiomas*
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figures and an MIB index of 30%, with a diagnosis of
atypical meningioma (Fig 1F-G).

The patient made a full recovery and returned to
his prior occupation of construction work. His follow-
up imaging studies at 6 months were without residual
tumor. However, 15 months after his original surgery,
he experienced a recurrence of his original symptoms.
An MRI was performed and revealed large recurrence
of tumor (Fig 2A-C). Repeat angiogram, embolization,
and surgery were performed,with sacrifice of the supe-
rior sagittal sinus. Histopathologically, the tumor was
unchanged, with at least 5 mitotic figures per high
power field and an MIB index of 50%. His symptoms
again resolved and radiation therapy was performed to

54 Gy. He returned to work and was mostly asympto-
matic. Surveillance imaging revealed some extracranial
nodularity (Fig 3A-B), and these were followed with 
serial imaging. However, 24 months after his initial
surgery, they had grown considerably (Fig 3C).

A third resection performed in conjunction with
plastic surgery. This required duraplasty, cranioplasty,
resection of the invaded scalp, and a latissimus dorsi
muscle flap. The pathology was unchanged but
showed extensive invasion of the overlying scalp,bone,
and dura (Fig 3D-F). Initially, postoperative films
demonstrated no evidence of tumor recurrence (Fig
3G-H), but at 9 months from the last surgery, the films
showed small enhancing skin nodules consistent with

Fig 1. — MRI study demonstrating a posterior left parasagittal lesion.
Sagittal (A), axial (B), and coronal (C) T1 post-gadolinium administra-
tion showed a large, enhancing mass consistent with meningioma.
Postoperative coronal (D) and axial (E) MRI was read as “no evidence
of residual tumor.”  (F) Histologic examination included stained tissue
(hematoxylin-eosin, × 40) with a number of mitotic figures and histo-
logically consistent with an atypical histology.  (G) Immunohistochem-
istry with Ki-67 antibody × 100, DAB substrate counterstained with
toluidine blue, demonstrated an MIB index of 30%.
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tumor recurrence. The patient required intensive reha-
bilitation after this last surgery and is only now back to
a functional status. He has been counseled on possibly
needing stereotactic radiosurgery, chemotherapy with
RU486 or hydroxyurea, and/or repeat surgery.

Predictors of Refractory Meningiomas

There are predictors of meningiomas that may
prove difficult to treat surgically or may respond poor-
ly to radiation therapy. Location at the skull base, espe-

cially in the cavernous sinus, has a much higher recur-
rence rate than a tumor at the convexity. Other pre-
dictors of "difficult-to-treat" meningiomas include
atomic bomb survivors, chromosome aberrations, and
various histopathologic markers (Table 3). Patients at
increased risk for meningiomas include those who
have had radiation exposure and those with neurofi-
bromatosis type 2.15-17 Chromosome aberrations asso-
ciated with higher-grade meningiomas include 1p, 6q,
10p, 10q, 14q, and 18q.18-20 Current histopathologic
research centers on identifying specific markers (intra-
cellular, cellular wall, or extracellular) that would iden-

Fig 3. — MRI study 5 months after the patient’s second surgery, 20 months after the original surgery with evidence of a extracranial nodularity and 
possible recurrence of his tumor.  Coronal (A) and axial (B) T1 post-gadolinium administration demonstrated a small amount of  enhancement consistent
with possible recurrent meningioma.  Three months later this had progressed, demonstrating tumor recurrence.  (C) Coronal T1 post-gadolinium-enhanced
lesion appeared largely extracranial.  (D) Lateral photograph of the patient’s head showed a bump at the sight of prior surgery.  (E) Intraoperative 
photograph of the patient’s head after shaving showed a visible tumor mass subcutaneously below the prior skin incision.  (F) Hematoxylin-eosin stained
tissue (× 40) demonstrated extensive invasion of the overlying scalp, bone, and dura.  Immediate postoperative axial MRI (G) and coronal MRI (H) once
again were believed to show no residual tumor.

Fig 2. — MRI study 15 months after the patient’s original surgery with evidence of a recurrent posterior left parasagittal lesion.  Axial (A), coronal (B), and
sagittal (C) T1 post-gadolinium administration demonstrated a large, enhancing mass consistent with meningioma.
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tify recurrent meningiomas; of these, the MIB-1 anti-
body appears most promising.

Immunohistochemical staining with the MIB-1
antibody (Ki-67) has consistently correlated with
meningioma recurrence.21-23 Ki-67 is a nuclear, non-
histone protein expressed during the proliferation
phases of the cell cycle (G1, S,G2,M) and not expressed
in the resting phase (G0). Staining with MIB-1 gives a
labeling index (LI) that allows for quantification of the
number of cells dividing. Ho and colleagues22 recently
studied 83 meningioma patients with total resections
who where followed for a minimum of 10 years. They
report that 52 tumors had an MIB-1 LI <10%, and none
of these recurred in 10 years. Of the 31 tumors with
an LI >10%, 97% recurred within 10 years. Korshunov
et al24 retrospectively stained 263 meningioma patients
with the Ki-67 antibody and noted a significantly
decreased recurrence-free survival in patients with an
LI <4.4%. Variations between MIB-1 LI center around

differences in tissue processing and the method of
counting stained cells. An absolute value for the MIB-1
LI is difficult to ascertain because of the variability in
immunohistochemical staining among laboratories.
Nakasu et al21 compared two methods of calculating
the MIB-1 LI (area of highest labeling vs randomly
selected) and concluded that a randomly selected
method correlated better with meningioma recur-
rence (Table 4).

Other markers that have been reported to correlate
with higher-grade meningiomas include the bcl-2 proto-
oncogene, p53, p51, alterations in tumor suppressor
genes, Fas-APO1 (CD95) transmembrane protein, the
extracellular matrix protein tenascin, and five novel
meningioma-expressed antigens.19,23,26-30 In the future,
these markers may provide both identification of refrac-
tory meningiomas and “novel” therapeutic targets.

Current Treatments for 
Refractory Meningiomas

The role of radiation therapy for the treatment of
meningiomas is still being defined. Irradiation of
meningiomas is frequently used for high-grade histol-
ogy (atypical and malignant), high-risk locations (eg,
cavernous sinus), residual tumor, and patients who are
poor surgical candidates. Studies have shown 5-year
progression-free survival rates of 77% to 89% when
fractionated external beam irradiation was used after
subtotal resections in meningiomas with typical histol-
ogy.8,31,32 Lee et al33 advocates the use of stereotactic
radiosurgery in the treatment of cavernous sinus
meningiomas and reported a 5-year tumor control rate
for typical meningiomas of 93%. Overall, both conven-
tional radiation therapy and focused stereotactic thera-
py have been shown to prolong the time until recur-
rence. Atypical and malignant meningiomas continue

Study MIB-1 LI Cut-Off Point MIB-1 LI < Cut-Off MIB-1 LI > Cut-Off

Korshunov24 (2002) 4.4% (263 patients) 82% RFS at 6 yrs* 32% at 6 yrs*

Ho22 (2002) 10% (83 patients) 100% RFS at 10 yrs 3% RFS at 10 yrs
(ie, no recurrence at (ie, 97% recurred within
10 yrs [0/52]) 10 yrs [30/31])

Nakasu21 (2001) 2% (112 patients) 97% RFS at 10 yrs 57% RFS at 10 yrs
(ie, 3% recurred within (ie, 53% recurred within
10 yrs [3/93]) 10 yrs [10/19])

Perry25 (1998) 4.2% (425 patients) 85% RFS at 7 yrs* 62% RFS at 7 yrs*

* Kaplan-Meier method
RFS = recurrence-free survival
LI = labeling indices

Table 4. — Comparison of Cut-Off Points for MIB-1 Labeling Indices in Predicting Recurrence Free Survival of 
Meningiomas Managed With Initial Gross Total Resection

Radiation-Induced Tumors:
Secondary CNS tumors in childhood cancers treated with radiation 
Atomic bomb survivors

Chromosome Abnormalities:
Chromosome 22 - neurofibromatosis type 2 
Chromosome 1p deletion 
Chromosome aberrations (1p, 6q, 10p, 10q, 14q, and 18q)

Immunohistochemical Markers:
MIB-1 antibody (targets the Ki-67 intranuclear, nonhistone protein)
bcl-2
p53
p51
FAS-APO1 (CD95) (cell wall marker)
Tenascin (extracellular matrix component)
Alterations in tumor suppressor genes
Meningioma-expressed antigens

Table 3. — Predictors of Refractory Meningiomas
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to be difficult to treat with any modality, including
radiotherapy and stereotactic radiosurgery.

Hydroxyurea is a ribonucleotide reductase
inhibitor commonly used in the treatment of hemato-
logic malignancies.9 It diffuses into cells and inhibits
DNA synthesis without interfering with RNA or protein
synthesis by blocking the conversion of ribonu-
cleotides to deoxyribonucleotides. Hydroxyurea was
first reported to inhibit primary human meningioma
cell growth in culture and in xenograft transplantation
models.12 This drug was believed to be a powerful
inhibitor of meningioma cell growth, most likely by
causing apoptosis in the tumor cells. Recently, Rosen-
thal et al9 reported on 15 meningioma patients with
residual tumor postresection and progressive growth,
showing that 11 achieved stable disease with hydrox-
yurea. Mason et al13 treated 20 documented enlarging
meningiomas (16 benign, 3 atypical, and 1 malignant)
with hydroxyurea. Twelve of the 16 benign tumors sta-
bilized at a median duration of therapy of 122 weeks.
The 4 remaining patients with benign tumors,as well as
all of those who had atypical and malignant menin-
giomas,had progression of their disease. It appears that
complete tumor regression is not a realistic goal with
this drug. However, a reasonable number of patients
have experienced tumor stabilization with minimal
incidence of side effects after treatment with hydrox-
yurea. A current Southwestern Oncology Group proto-
col (SWOG-S9811) is currently enrolling patients to fur-
ther answer this question.

Mifepristone (RU486)

A discussion of the rationale of why hormone ther-
apies are disappointing is beyond the scope of this
paper. Briefly stated, numerous studies document that
meningiomas are more common in women than men;
also, the disease is exacerbated during pregnancy and
menstruation, and both estrogen and progesterone
receptors are found on meningiomas.34 In 1986, Olson
and colleagues35 reported the initial activity of mifepri-
stone (RU486) in tissue culture. Meningioma cell lines
were derived from 3 patients, and all cells expressed
estrogen and progesterone receptors. The use of
RU486 inhibited growth of all 3 cell lines. These find-
ings were confirmed by both in vitro and in vivo stud-
ies.36-38 A clinical trial that was conducted to capitalize
on these findings demonstrated that 8 of 28 patients
with meningiomas treated with RU486 experienced a
“suggestion of response.”39,40 In a separate clinical trial,
10 patients with 12 progressive recurrent and/or inop-
erable meningiomas were treated with a similar thera-
peutic regimen. Four tumors in 3 patients demonstrat-
ed tumor regression, 3 patients had “stable disease,”and

4 patients with 5 tumors had progressive disease.41

Prospective trials have been started, but there are no
published results available. There appears to be sec-
ondary to little response to treatment in the few
patients studied.

Novel Treatments for 
Refractory Meningiomas

Novel treatments for refractory meningiomas can
be divided into several categories based on the under-
lying mechanism of action: angiogenesis inhibitors,
inhibition of meningioma cell growth, blockade of
growth hormone pathways, blockade of growth factor
receptors, disruption of intracellular secondary path-
ways, and gene therapy (Table 5).

Angiogenesis Inhibitors

Tumors need to promote angiogenesis if they are
to survive and grow.42 Inhibition of neovascularization
is one potential strategy for treating hypervascular
tumors. Interferon alpha (IFN-α), a leukocyte-produced
cytokine, is a glycoprotein that is related to transform-
ing growth factor beta (TGF-β) and tumor necrosis fac-
tor. The IFNs work mainly by their antiangiogenesis
effect as well as by direct tumor cell inhibition.43,44

Interferon has been reported to have an effect on

Angiogenesis Inhibitors:
Interferon alpha
TNP-470 (synthetic analog of fumagillin)
Tumor necrosis factor
PD156707
Verotoxin

Inhibition of Tumor Cell Growth:
Interferon alpha
Hydroxyurea

Growth Hormone Blockade:
Pegvisomant
Octreotide
Bromocriptine

Growth Factor Blockade:
Trapidil
Suramin
Bromocriptine

Signal Pathway Inhibition:
Calcium channel blockers
Mitogen-activated protein kinases

Gene Therapy:
Herpes simplex virus for transduction of merlin gene
Adenovirus

Table 5. — Novel Treatments for Recurrent Meningiomas
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meningiomas in vivo and in vitro.44-48 Kaba et al44

reported on 6 patients with recurrent or malignant
meningiomas treated with IFN-α-2B. Five of the 6
patients had stabilization of disease progression, with
the duration of tumor stabilization ranging from 6 to 14
months. Muhr et al48 looked at meningioma metabo-
lism in 12 patients treated with IFN-α. This group fol-
lowed patients with serial [C]-L-methionine uptake
positron emission tomography (PET) studies, and they
showed stabilization of disease in 9 patients. They con-
cluded that PET was a useful tool in determining
responders to IFN treatment. In both reports, IFN treat-
ment toxicities were tolerable, with patients complain-
ing mostly of flu-like symptoms and leukopenia. Yazaki
et al49 looked at TNP-470, a synthetic analog of fumag-
illin, and showed that it significantly inhibited tumor
neovascularization and tumor growth of both non-
malignant and malignant meningiomas.

Endothelin (ET) is a peptide composed of 21
amino acids with three identified isoforms (ET-1, ET-2,
and ET-3). They exert their effects via two receptor sub-
types: ET-A and ET-B. Endothelins are angiogenic,
potent vasoconstrictors (ET-A R) and vasodilators (ET-B
R), and they also incite mitogenesis and c-Fos expres-
sion of neuronal cell types in vivo.50,51 Thus, ET has
been hypothesized to promote angiogenesis and to act
as an autocrine/paracrine growth factor in cerebral
tumors. Harland et al51 found that meningiomas
expressed a higher level of ET-A receptors compared
with normal cortex, and they concluded that the high-
affinity ET-A receptor antagonist PD156707 may be of
therapeutic value in treating these lesions.

Verotoxin has recently been studied as a new anti-
neoplastic agent that targets the globotriaosylceramide
(Gb3) glycolipid on tumor cells and tumor neovascu-
lature. Verotoxins, or Shiga-like toxins, are produced
by Escherichia coli and are associated with the patho-
genesis of hemolytic uremia syndrome, hemorrhagic
colitis, and microangiopathies. Verotoxin is a type II
ribosome-inactivating protein produced by pathogenic
strains of E coli and targets only cells that express gly-
colipid, Gb3 (CD77). Gb3 has been noted to be unreg-
ulated in many human cancers. The toxin consists of
an A-subunit (enzyme) and B-subunit (antigen). The B-
subunit recognizes specific glycolipids in particular
cells, which are known to be elevated in several
human cancers. Salhai et al52 recently showed that the
verotoxin receptor was present in 9 (82%) of 11 malig-
nant meningiomas and that intratumoral injection of
verotoxin in a mouse xenograft model resulted in
increased survival of seeded animals. Microscopically,
the verotoxin-treated animals showed decreased
microvascular density, increased apoptosis, and a
decrease in meningioma cell proliferation.

Growth Hormone Inhibitors

Interest in the roles that growth hormone and
insulin-like growth factor I (IGF-I) play in meningiomas
tumorigenesis stems first from observations that
patients with acromegaly have a high incidence of
meningiomas (1.5% in one large series), and second
from studies showing involvement of IGF-I in menin-
gioma growth in cultures.53,54 Growth hormone is pro-
duced and secreted from the anterior pituitary and
stimulates the synthesis of IGF-I in the liver, the com-
bined effects of which result in normal growth. In vivo
and in vitro studies have shown that the growth hor-
mone receptor is ubiquitous in meningiomas and that
blockade results in decreased tumor growth.55,56 Pegvi-
somant is a genetically engineered protein designed to
be structurally similar to the natural human growth hor-
mone. It is capable of binding to the growth hormone
receptor, acting as a competitive antagonist. Friend et
al55 looked at 14 human meningioma specimens that
were grown in primary culture. They found the ubiq-
uitous expression of meningioma receptor mRNA in all
14 specimens, regardless of tumor grade (benign,
anaplastic, or malignant). Blockade of the growth hor-
mone receptor with pegvisomant reduced serum-
induced DNA synthesis as measured by thymidine
incorporation by 8% to 33% (mean 20%). IGF-I
increased thymidine incorporation in primary menin-
gioma cultures in a dose-dependent manner: 1 ng/mL,
5 ng/mL, and 10 ng/mL resulted in 21%,43%,and 176%,
respectively, above baseline.

Based on the above study, McCutcheon et al56 took
15 human meningioma tumors and implanted them
into the flanks of nude mice. They showed that after 8
weeks, the mean tumor volume of the pegvisomant
group was 198.3 ± 18.9 mm3 vs 350.1 ± 23.5 mm3 for
the control group (P<.001). The serum IGF-I concen-
tration in the control group was 319 ± 12.9 µg/L com-
pared with 257 ± 9.7 µg/L in the pegvisomant group
(P<.02). The effects noted in this in vivo tumor model
were most likely due to both the decrease in circulating
IGF-I and the direct blockade of meningioma tumor
growth hormone receptors. Furthermore, clinical trials
have studied the treatment of acromegaly with pegvi-
somant and have shown that this drug is well tolerated
by patients.57,58

Somatostatin Agonist

Somatostatin receptors are present on menin-
giomas in high density, and the addition of somatostatin
in vitro inhibits meningioma cell proliferation.59,60

Schulz et al60 developed a panel of somatostatin recep-
tor subtype-specific antibodies that showed a high
expression of the sst2A subtype on 40 randomly select-
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ed meningiomas (29 [70%] of 40 meningiomas were
ss2A positive). In contrast, all other somatostatin recep-
tors were noted to stain weakly and sporadically. Based
on these data, a prospective study of 16 surgically
resected meningiomas was undertaken, and the level of
sst2A expression was determined using Western blot
analysis. The somatostatin sst2A subtype was readily
detectable as a broad band migrating at Mr 70,000 in 12
(75%) of these 16 tumors; 8 tumors (50%) showed par-
ticularly high levels of immunoreactive sst2A receptors.
There was an excellent correlation (P<.001) between
the level of sst2A protein expression detected in West-
ern blots and the sst2A-immunoreactive staining seen
in tissue sections. The authors suggested that this
immunohistochemical method could prove useful in
identifying recurrent meningiomas that may respond to
therapy with sst2-selective agonists.

Garcia-Luna et al59 reported on the clinical use of
octreotide, a long-acting somatostatin agonist, in 3
patients with unresectable meningiomas. Doses used
were gradually increased up to 1000, 900, and 1500
µg/24 hours during 16, 6, and 7 weeks, respectively.
Patient tolerance to the drug was excellent, with
abdominal discomfort and diarrhea observed in only 1
patient. Findings included the subjective improvement
of headache in 2 patients and objective transient
improvement in ocular movements in 1 patient. In all
cases, computed tomography scans observed no
change in meningioma size. This report confirms the
safety of octreotide but is too small to draw any mean-
ingful conclusions.

Growth Factor Receptor Inhibitors

The growth of human cerebral meningiomas in cul-
ture is increased by various growth factors, including
epidermal growth factor (EGF), TGF-α and TGF-β,
platelet-derived growth factor (PDGF)-BB, IGF-I and -II,
and acidic and basic fibroblast growth factors. These
factors may act in a paracrine and/or autocrine fashion
to incite cell proliferation. Several studies have looked
at disruption of growth-hormone-induced meningioma
cell growth, including the growth hormone scavenger
suramin, the PDGF antagonist trapidil, and inhibition of
EGF-induced proliferation by bromocriptine.

Suramin scavenges exogenous growth factor, pre-
venting the binding of a variety of growth factors to
their receptors and inhibiting paracrine- and/or
autocrine-mediated cell growth. Schrell et al61 tested
the ability of suramin to inhibit growth-factor-induced
meningioma proliferation in cell culture. They noted a
40% to 70% reduction in cellular proliferation and
abolishment of growth factor-induced proliferation
(EGF, IGF-I, and PDGF-BB) with the addition of

suramin. Five tumor samples were studied using DNA
flow cytometry. Suramin-arrested cells were observed
in the S and G2/M phases of the cell cycle. Western
blot analysis of 3 tumors showed a significant decrease
in the amount of intracellular content of PDGF-BB
after suramin treatment. Suramin also prevented the
binding of iodinated growth factors (ie, 125I-EGF, 125I-
IGF-I, and 125I-PDGF-BB) to their respective receptors.
These findings prove that suramin has the ability to
inhibit autocrine loops (ie, lowering of intracellular
PDGF-BB) and paracrine loops (ie, inhibiting cell
growth). Suramin may control meningioma prolifera-
tion in patients with recurrent meningiomas.

Meningioma cells secrete PDGF, which stimulates
their own growth in an autocrine manner. Based on
this finding, trapidil, a drug known to have an antago-
nistic action against PDGF, was used to show a dose-
dependent inhibition of cultured meningioma cell pro-
liferation in the absence of any exogenous mitogenic
stimulation. The maximum effect was observed at a
concentration of 100 µg/mL, with the decrease in cell
growth ranging from 16% to 54% compared with con-
trol samples. Trapidil similarly inhibited the basal DNA
synthesis assessed by [3H]-thymidine incorporation in 3
of 7 meningiomas. While the conditioned medium gen-
erated from meningioma cells remarkably stimulated
the proliferation of meningioma cells (166% to 277% of
control), this effect was strikingly inhibited by the addi-
tion of trapidil. Trapidil also inhibited conditioned
medium-stimulated DNA synthesis, even when there
was no effect on basal DNA synthesis. Furthermore, tra-
pidil significantly inhibited the EGF-stimulated prolifer-
ation of meningioma cells. This inhibitory effect on
EGF-stimulated cell demonstrates that trapidil is not an
antagonist specific to PDGF. The addition of trapidil (30
µg/mL) in combination with bromocriptine (1 µm)
showed an additive inhibitory effect on the menin-
gioma cell growth compared with trapidil or
bromocriptine alone. The overall results suggest that
trapidil exhibits an inhibitory effect on meningioma
cell proliferation by blocking the mitogenic stimulation
induced by autocrine or exogenous growth factors, and
it may be considered as a possible new approach to the
medical treatment of meningiomas.62

Signal Transduction Pathway Inhibition

The growth of meningiomas in culture and the
potent growth stimulation of meningioma cells by
EGF and PDGF are inhibited by calcium channel
antagonists.63,64 These studies arose out of the obser-
vation that calcium is an integral component of the
intracellular signaling pathways. It was hypothesized
that calcium channel antagonists might interrupt this
signaling with subsequent growth inhibition. Inter-
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estingly, these studies and others concluded that the
activity of the calcium channel antagonist agents had
nothing to do with calcium signaling.65,66 Neverthe-
less, these studies were expanded into animal studies.
A protocol was developed to allow for the growth of
meningiomas in a xenograft model.67 Animals with
subcutaneous flank meningiomas were treated with
verapamil and diltiazem. Serum drug levels of these
medications verified that the drugs were reaching
concentrations that would be found in patients being
treated for hypertension. Growth inhibition was
observed, but the results were modest. No long-term
“cures” were found.68 There is evidence that calcium
channel antagonists can potentiate the effects of
chemotherapeutic drugs. Human glioma tumor
growth is inhibited by verapamil alone and more dra-
matically in combination with the chemotherapeutic
agent 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU)
both in vitro and in vivo.69 In fact, the cytotoxicity of
many different standard anticancer agents is augment-
ed by calcium channel antagonists in a number of
tumor cell types.66,70-74 Currently, we are investigating
whether calcium channel antagonists coupled with
the two chemotherapeutic agents most commonly
used for the treatment of meningioma (hydroxyurea
and RU486) might comprise a more effective treat-
ment for growth inhibition of meningiomas.

Mitogen-Associated Protein Kinase Inhibition

Platelet-derived growth factor may act as an
autocrine/paracrine stimulator of meningioma growth.
PDGF-BB has been shown to stimulate DNA synthesis in
human meningioma cell lines.75 Johnson et al75

explored the intracellular pathways by which PDGF
exerts its mitogenic effects by performing Western blot
analysis for mitogen-associated protein kinase (MAPK).
MAPKs are a family of serine/threonine kinases impli-
cated in the regulation of cell proliferation and are
thought to be apart of the kinase cascade that trans-
duces receptor signals. Activation by growth factor tyro-
sine kinases phosphorylates and activates MAPK, which
enters the cell nucleus to phosphorylate numerous pro-
teins including transcription factors,RNA polymerase II,
and cytoskeletal proteins. These investigators per-
formed Western blot analysis on cultured human
meningioma cells to show that MAPK and phosphory-
lated (activated) MAPK were present. The authors
found that treatment with PD098059 (a selective
inhibitor of MAPK phosphorylation/activation) on pro-
liferating meningioma cells stimulated with 10% fetal
bovine serum produced a 52% to 84% loss in [3H]-thymi-
dine incorporation. Also, PD098059-treated menin-
gioma cells showed partial or complete loss of phos-
phorylated MAPK after 3 days of treatment. The addi-
tion of PDGF-BB to meningioma cell cultures resulted in

an increase in [3H]-thymidine incorporation and phos-
phorylation of MAPK. Coadministration of PD098059
completely blocked PDGF-BB’s stimulation of [3H]-
thymidine incorporation and cell proliferation along
with reduced MAPK phosphorylation. These findings
indicate that MAPK is expressed in meningioma cells
and transduces mitogenic signals of PDGF, thereby con-
tributing to the growth of human meningiomas.

Gene Therapy

Gene therapy is an emerging technology that offers
a therapeutic option for incurable brain tumors. Chau-
vet et al76 successfully infected a canine meningioma
with a recombinant adenovirus vector via selective
intra-arterial injection. Specific targets for gene thera-
pies in patients afflicted with meningiomas associated
with neurofibromatosis type 2 (NF2) is transfection
with merlin, the wild-type NF2 gene. Ikeda et al77

showed the feasibility of gene transfer by infecting the
wild-type NF2 transgene into human meningioma
tumors excised from patients with and without NF2,
using a herpes simplex virus. Western blot analysis con-
firmed that vector-mediated gene transfer mediated the
expression of the NF2-encoded polypeptide merlin and
that overexpression of merlin significantly inhibited the
growth of both NF2-negative and NF2-positive human
meningioma cells when compared with controls. Dir-
ven et al78 proved that the adenovirus viral vector could
be altered to target specific tumor receptors on menin-
giomas, thus enhancing gene transfer.

Conclusions

Complete surgical resection is the first-line therapy
for meningiomas. However, tumor location and biolog-
ical aggressiveness can make a “surgical cure” impossi-
ble. Treatment options for these refractory menin-
giomas include further surgery, conventional external
beam irradiation, stereotactic radiosurgery, and sys-
temic therapies. Tumor location, atypical or malignant
histologic subtypes, and staining for the Ki-67 protein
(MIB-1 antibody) with a high labeling index are the best
predictors of tumor recurrence. Novel systemic treat-
ment options include angiogenesis inhibition, menin-
gioma cell growth inhibition,blockade of growth factor
effects, inhibition of intracellular secondary pathways,
and gene therapies. Currently, the best-studied sys-
temic treatment for patients with refractory menin-
giomas is hydroxyurea. Blockade of the growth hor-
mone receptor by pegvisomant may soon hold a role
because in vivo and in vitro studies have shown good
results and pegvisomant has a known side effect pro-
file. Long-term therapies holding promise include cal-
cium channel blockers and gene therapies.
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