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v Meningiomas are extraaxial central nervous system tumors most often discovered in middle to late adult life, and
are more often seen in women. Ninety percent of meningiomas are benign, 6% are atypical, and 2% are malignant.
Most patients in whom a meningioma is diagnosed undergo resection to relieve neurological symptoms. Complete
resection is often curative. For the majority of incompletely resected or recurrent tumors not previously irradiated,
radiotherapy is administered. Radiotherapy may be administered as either conventional external-beam radiation ther-
apy or stereotactically by linear accelerator, Leksell Gamma Knife, or Cyberknife radiosurgery. Advocates of stereo-
tactic radiotherapy have suggested this therapy in lieu of surgery particularly in high-risk patients, those with menin-
giomas in eloquent or surgically inaccessible locations, and elderly patients. When the meningioma is unresectable or
all other treatments (surgery and radiotherapy) have failed, hormonal therapy or chemotherapy may be considered.
Notwithstanding limited data, hydroxyurea has been modestly successful in patients with recurrent meningiomas.
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autopsy report.>!>%% A French surgeon, Antoine Louis,

published the first report in 1754 that dealt specifically
with meningiomas.>'>3% In 1847, Virchow described me-
ningiomas as psammonas (sandlike) because of the pres-
ence of tumoral granules. In 1864, Bouchard termed me-
ningiomas as epitheliomas, and in 1869 Golgi described
them as endotheliomas. In 1922, Harvey Cushing first used
the term meningioma. Pathologists subsequently have
demonstrated the origin of meningiomas as arachnoid cap
cells commonly found in association with arachnoid villi at
the dural venous sinuses and veins.'>%

The first case relating prior head trauma to causality of
meningioma involved General Leonard Wood, Major Gen-
eral and Chief of Staff of the United States Army.**** In
1910, Cushing successfully performed surgery on Gen.
Wood’s parasagittal meningioma.*’

Hospital-based brain tumor series indicate that the inci-
dence of meningiomas is approximately 20% of all intra-
cranial tumors (the most common nonglial primary intra-
cranial tumor), whereas autopsy-based studies indicate an
overall incidence of 30%. Furthermore, 2% of autopsies
reveal incidental meningiomas. There is an age-dependent
incidence of meningiomas (0.3/100,000 in childhood and

I N 1614, Felix Plater first described a meningioma in an

Abbreviations used in this paper: CT = computed tomography;
MR = magnetic resonance; NF2 = neurofibrommatosis Type 2;
PES = progression-free survival;SWOG = Southwest Oncology
Group.
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8.4/100,000 in the elderly). Ninety percent of all menin-
giomas occur in the supratentorial compartment.>!>#580 [n-
tracranial meningiomas are most common in adults in their
fourth through sixth decades of life and are rare in children
(2% of all meningiomas present in childhood).>#3154146.58.60
Meningiomas are more common in African-Americans and
in females. There is a 2:1 female to male ratio in intracra-
nial meningiomas.>>#13%% A female preponderance for
meningioma correlates with an endogenous hormone level
and exogenous hormone replacement in postmenopausal
women (in whom an increased incidence of meningioma is
seen) as compared with postmenopausal women who have
not taken exogenous hormone replacement therapy.>!>!
313241485860 Tncreased growth of meningiomas during preg-
nancy as well as postpartum clinical regression has been
reported but remains poorly understood.> Recently, how-
ever, no associations with reproductive or hormonal factors
were observed in a case—control study of 151 meningiomas
in female patients.”” The literature does not support any
association between the development of meningiomas and
oral contraceptives."

Clinical Presentation

The clinical presentation of meningiomas (Table 1), as is
true of all intracranial mass lesions, is dependent on tumor
location (Tables 2 and 3).>132941563860 Meningiomas are
most often slow-growing tumors, and symptoms at presen-
tation are rarely precipitous, but more often insidious in



nature. New-onset and slowly evolving headache is com-
mon and usually unassociated with other symptoms sug-
gestive of raised intracranial pressure, reflecting the slow
growth of these tumors. A protracted history of partial
seizures for convexity meningiomas is not uncommon nor
is an insidious personality change (easily confused with
dementia or depression) in patients with large inferior
frontal meningiomas. A number of topographic anatomical
tumor syndromes have been defined (Table 3); however,
these syndromes are not etiologically specific as a variety
of focal intracranial lesions (for example, granulomas,
gliomas, and cysts) may present in a similar manner.>

Evaluation of Imaging Studies

Brain imaging with contrast-enhanced CT or MR imag-
ing is the most common method of diagnosing, monitoring,
and evaluating response to treatment (Table 4). Plain x-ray
films, most often obtained for coincidental indications, may
reveal a number of findings characteristic of meningioma
including intratumoral calcifications, bone hyperostosis giv-
ing rise to a “sunray effect,” a secondary osteolytic lesion, a
dilated middle meningeal artery groove, posterior clinoid
erosion, suture separation, and a “beaten brass” appearance
of the skull.*

Although MR imaging is the imaging technique of choice
for glial tumors as it provides more intracranial detail, CT
scanning still has an important role in the imaging of menin-
giomas. The CT scan best reveals the chronic effects of
slowly growing mass lesions on bone remodeling. Calci-
fication in the tumor (seen in 25%) and hyperostosis of sur-
rounding skull are features of an intracranial meningioma
that can be easily identified on a noncontrast CT scan.
Nonetheless, MR imaging reveals a number of characteris-
tics highly suggestive of meningioma and in recent stereo-
tactic radiotherapy articles, MR imaging has been used to
operationally define pathological findings.!'>3 These MR
imaging findings include a tumor which is dural-based and
isointense with gray matter, demonstrates prominent and
homogeneous enhancement (> 95%), frequent cerebrospin-
al fluid/vascular cleft(s), and often an enhancing dural tail
(60%). However, approximately 10 to 15% of meningiomas
have an atypical appearance on MR images, mimicking
metastases or malignant gliomas.” In particular, secretory
meningiomas may have a significant amount of peritumoral
edema. Cerebral angiography is occasionally performed,
often for surgical planning, as meningiomas are vascular
tumors prone to intraoperative bleeding.>!>2%41:56860 [n some
instances preoperative embolization is helpful for operative
hemostasis management. Angiographic findings consistent
with a meningioma include a dual vascular supply with
dural arteries supplying the central tumor and pial arteries
supplying the tumor periphery. A sunburst effect may be
seen due to enlarged and multiple dural arteries, and a pro-
longed vascular stain or so-called blushing can be seen,
which results from intratumoral venous stasis and expanded
intratumoral blood volume.*

There has also been interest in the use of MR spectro-
scopy to assist in the diagnosis of meningiomas. This mo-
dality may be particularly useful in patients unable to un-
dergo a surgery for whatever reason. Creatinine containing
peaks in meningioma are 20% that of comparable levels in
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TABLE 1

History and physical findings in patients with
intracranial meningioma*

No. of Patients (%)

Benign Malignant
Signs & Symptoms Meningioma Meningioma
patient history
headache 70 (36) 5 (36)
personality change/confusion 43 (22) 3(21)
paresis 37 (19) 6 (43)
generalized seizures 36 (19) 1(7)
visual impairment 30 (16) 4(29)
focal seizures 29 (15) 2 (14)
ataxia 28 (15) 321
aphasia 19 (10) 2 (14)
decreased level of consciousness 13(7) 2 (14)
paresthesia 11 (6) 0 (0)
diplopia 6(3) 0 (0)
vertigo 2(D) 0 (0)
decreased hearing 2 0 (0)
physical findings

paresis 57 (30) 7 (50)
normal examination 51 (26) 2 (14)
memory impairment 29 (15) 3(21)
other cranial nerve deficit 21 (12) 0 (0)
visual field deficit 19 (10) 3(21)
paresthesia 17 (9) 3(21)
aphasia 17 (9) 1(7)
papilledema 15 (8) 2 (14)
decreased visual acuity 12 (6) 7(7)
altered level of consciousness 9(5) 2 (14)
nystagmus 6(3) 0 (0)
decreased hearing 4(2) 0 (0)

* Based on data from articles by Bondy, De Monte, Jaiskeldinen, Long-
streth, Rutten, Sanson, Wilson, and their colleagues. Tables 2, 3, and 4 are
also based on these tables.

normal brain.*> An increase in the choline-containing peaks
and the alanine peak have been reported as well.** A low
inositol peak may help distinguish a meningioma from a
schwannoma.* Buhl et al.® reported that greater than 63%
of atypical meningiomas had a characteristic lactate peak
on preoperative MR spectroscopy.

Although positron emission tomography has not been
routinely used in the diagnostic workup and follow-up of
patients with meningiomas, it can be useful in cases of skull
base meningiomas that are frequently difficult to visualize
by using standard CT and MR imaging techniques. Rutten
et al.*® reported that using positron emission tomogra-
phy/CT and 2-"®F-fluoro-L-tyrosine, a marker of amino acid
transport, maybe a useful in managing meningiomas. These
authors showed that 2-'®F-fluoro-L-tyrosine uptake com-
pletely overlapped with the MR imaging lesion in 54%,
extended beyond the MR imaging lesion in 38%, and were
smaller in 8% of the tumors. This technique may be partic-
ularly useful in patients who previously underwent radia-
tion therapy.

Meningiomas are also known to have high somatostatin
receptor density allowing for the potential use of octreotide
brain scintigraphy to help delineate extent of disease.* This
may be particularly useful in distinguishing residual tumor
from postoperative scarring in subtotally resected/recurrent
tumors.
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TABLE 2

Location of intracranial meningiomas
demonstrated by CT scanning

No. of Meningiomas (%)

Tumor Location Benign Malignant
convexity 60 (34) 7 (50)
parasagittal 39 (22) 4(29)
sphenoid ridge 30 (17) 3(21)
lateral ventricle 10 (5) 00
tentorium 74 0(0)
cerebellar convexity 9(5) 0(0)
tuberculum sellae 73) 00
intraorbital 4(2) 0
cerebellopontine angle 4(2) 00
olfactory groove 6(3) 0(0)
foramen magnum 1(1) 00
clivus 1(D) 0(0)
other 1(1) 00
total 179 14

Pathological Characteristics and Molecular Genetics

A variety of pathological subtypes of meningioma have
been defined and are outlined in Table 5. Notwithstanding
the histological variety of meningiomas, treatment is deter-
mined primarily by the World Health Organization classifi-
cation, a three-tiered system comprised of three grades
(meningioma, atypical meningioma, and anaplastic menin-
gioma). Histopathological analysis reveals that meningio-
mas have the following characteristic array of immunohis-
tological markers: epithelial membrane antigen, vimentin,
laminin, fibronectin, carcinogenic embryonic antigen,
S100, and keratin. In addition, meningiomas express a vari-
ety of cell surface receptors as follows: progesterone, an-
drogen, glucocorticoid, somatostatin, epidermal derived
growth factor, insulin-like growth factor—I and —II, trans-
forming growth factor—@3, interferon-c, fibroblast growth
factor—1, estrogen, prolactin, and platelet-derived growth
factor receptor.

The primary chromosomal aberration in meningiomas is
monogamy or deletion of chromosome 22.!515263441.5860 The
meningioma gene has been mapped to a region between the
myoglobin locus and the c-sis protooncogene. Loss of one
chromosome 22 occurs in 75% of meningiomas and is the
sole chromosomal abnormality in 50%.!?° The loss of chro-
mosome 22 is believed to represent the loss of a putative
tumor suppressor gene and thereby results in malignant
change. In the majority of patients with sporadic meningio-
mas, the lost tumor suppressor gene appears to be the NF2
gene, a 595 amino acid-long protein called merlin or
schwannomin that belongs to the band 4.1 superfamily of
proteins.'? Merlin appears to function as a molecular switch
regulating cell contacts by binding to actin cytoskeleton and
cell proliferation by binding to a transcription factor. Con-
formational changes determine the activity of merlin. In the
closed state merlin is active and functions as a growth sup-
pressor, whereas in the open state merlin is inactive and is
growth permissive. Loss of expression for merlin varies by
histological subtype of meningioma and is highest in fibrous
and transitional tumors and lowest in meningotheliomatous
types. Recently, loss of another member of the 4.1 family of
proteins, DAL-1 (absent in ~ 50% of all meningiomas), has
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TABLE 3
Clinical syndromes of intracranial meningiomas

Location Syndrome

parasagittal/parafalcine  simple partial seizures, paraparesis

posterior parasagittal homonymous hemianopsia

anterior parasagittal neurobehavioral syndrome

sphenoid wing visual loss, trigeminal dysfunction, ophthalmo-
plegia

anosmia, dementia

bitemporal hemianopia

headache, vertigo, ataxia

olfactory groove
suprasellar
tentorial

been identified as an important factor in meningioma tumori-
genesis.”® Aside from loss of 22q (the NF2 gene), loss of 1q,
14q, and 10q occurs in atypical and malignant meningio-
mas."* Additionally, both epidermal growth factor receptor
and platelet derived growth factor receptor are overexpressed
in meningioma.

There are two rare familial conditions (NF2 and menin-
giomatosis), both inherited as autosomal-dominant traits,
which predispose patients to developing meningiomas.'2¢3*

Rarely (< 1% of all meningiomas) these tumors may oc-
cur following either low-dose radiotherapy as was once
administered routinely for tinea capitis, or following high-
dose radiotherapy as given for glioma or head and neck ma-
lignancies.” In both instances, long delays (10 or more
years) occur between the administration of radiotherapy
and meningioma occurrence and, not infrequently, multifo-
cal tumors develop.

Pathologically, the biological behavior of meningiomas
may be predicted by MIB-1 labeling indices, vascular en-
dothelial growth factor receptor expression, quantitative
staining of proliferating cell nuclear antigen and expression
of Janus tyrosine kinase and signal transducer and activator
of transcription proteins. 4284462

Natural History

Authors of several studies have examined the growth rate
of incidental meningiomas (that is, meningiomas discov-
ered in an otherwise asymptomatic patient).>!”-195052 Find-
ings reported in one study indicated that 12% of meningio-
mas were diagnosed in patients based on imaging findings
and of these patients (12 of 100), one demonstrated pro-
gression warranting intervention.® Another observational
study of 17 patients with meningiomas demonstrated an an-
nual tumor growth rate of 3.6 mm." In a retrospective study
of 60 patients observed for an average of 32 months (6
months—15 years), none became symptomatic because of
their tumor. In 45 of these patients, 35 (48%) showed no
tumor growth on imaging performed over 29 months, and
10 (22%) demonstrated tumor growth which progressed an
average of 2.4 mm a year (median 47 months of observa-
tion). The authors concluded that the majority of asympto-
matic meningiomas may be followed safely with serial
brain imaging until either the tumor enlarges significantly
or becomes symptomatic. A fourth observational study
demonstrated that 29% of meningiomas diagnosed (35 of
121) were incidental and asymptomatic.!” All patients were
followed by serial brain imaging and tumor progression
was seen in four (11%); however, only one patient devel-
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TABLE 4

Computed tomography scanning findings
in patients with meningioma
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TABLE 5

World Health Organization classification of tumors of
meningothelial cell origin

No. of Patients (%)

Benign Malignant
Tumor Location Meningioma Meningioma

midline shift 140 (78) 12 (86)
homogenous enhancement 129 (72) 5 (36)
nonhomogenous enhancement 41 (23) 9 (64)
no adjacent hypodensity 86 (48) 0 (0)

mild adjacent hypodensity 55 (31) 2 (14)
moderate adjacent hypodensity 10 (5) 10 (71)
severe adjacent hypodensity 28 (16) 2 (14)
hyperostosis 32 (18) 1(7)

calcification 49 (270 0(0)

fringing* 2(1) 2 (14)
mushrooming 0(0) 8 (57)

* Appearance of the dural tail on CT scanning and MR imaging.
T Refers to the apparent cap and broad short stalk appearance of many
meningiomas.

oped symptoms. Noncalcified tumors were more likely to
progress (four [36%] of 11) than calcified tumors (zero
[0%] of 24). In the fifth and final observational study the
authors observed 40 elderly patients with asymptomatic
meningiomas; tumor progression was noted in 14 (35%) of
these patients; however, only five patients (12%) became
symptomatic.*

These studies confirm the tenet that many meningiomas
grow very slowly and that a decision not to operate is jus-
tified in selected asymptomatic patients. As the growth rate
is unpredictable in any individual, repeated brain imaging
is mandatory to monitor an incidental asymptomatic me-
ningioma. An interval of 6 months after the initial study,
followed by images at increasing intervals (as stability is
confirmed over the first 1-2 years) appears adequate to
assess growth rate and need for intervention.

Treatment for Meningiomas
Surgical Procedures

The treatment of meningiomas is dependent on both pa-
tient-related factors (age, performance status, medical co-
morbidities) and treatment-related factors (reasons for
symptoms, respectability, and goals of surgery). In patients
who are considered surgical candidates (surgically accessi-
ble symptomatic meningiomas), the goal of therapy is total
excision.>3241565860 Ag with all brain tumors, completeness
of resection is determined by early (< 72 hours) postoper-
ative, contrast-enhanced brain imaging using either CT or
MR imaging. Brain MR imaging following resection and
the histopathological findings at the time of resection con-
stitute the basis for the Simpson grading system, a predic-
tive system for meningioma recurrence (Table 6). Patients
with a Simpson Grade 1 meningioma have a 9% 10-year
recurrence rate compared with patients with a Simpson
Grade 3 meningioma in whom a 29% 10-year recurrence
rate is seen. Prognostic variables predictive for survival® in
patients with meningiomas include the extent of resection,
histological grade, patient’s age, and tumor location.

Mirimanoff et al.* reported recurrence-free survival

Grade Tumor Types

I meningioma
meningothelial (syncytial)
transitional
fibrous
psammomatous
angiomatous
microcystic
secretory
clear cell
chordoid
lymphoplasmocyte-rich
metaplastic variants (xanthomatous, myxoid, osseous,

cartilagenous)
1I atypical meningioma
1T anaplastic (malignant) meningioma

rates following total resection of 93% at 5 years, 80% at 10
years, and 68% at 15 years. In contrast with partial resec-
tion, recurrence-free survival rates dropped to 63, 45, and
9%, respectively. In a study of patients with benign intracra-
nial meningiomas, Jadskeldinen® found a recurrence rate of
19% at 20 years following complete resection. He reported
that in patients with atypical or malignant meningiomas fol-
lowing complete resection, the risk of recurrence was 38%
and 78%, respectively, at 5 years.

Radiation Therapy

Radiation therapy should be considered following partial
resection of a meningioma and following resection of atyp-
ical or malignant meningiomas.>!>*41435880 Improving on
the recurrence-free survival rates cited by Mirimanoff et al.*
(see earlier), Goldsmith et al.*® found an 89% 5-year pro-
gression free survival (PFS) with adjunct radiotherapy (me-
dian dose 54 Gy) in 140 patients with a partially resected
benign meningioma. The 10-year PES was 77%. Although
with radiotherapy the PFS rate for a partially resected me-
ningioma can approach that of a gross-total resection (63%
up to 89%), the decision to undertake radiotherapy should
be weighed against the potential for symptomatic recurrence
(considering the slow growth rate of most meningiomas) in
the patient’s lifetime, versus potential side effects of radia-
tion (for example, leukoencephalopathy and cognitive
symptoms, necrosis, and focal neurological injury).

The use of stereotactic radiotherapy (either single frac-
tion or fractionated) in the management of meningiomas
continues to evolve.>183434751 Using the linear accelerator,
Leksell Gamma Knife, or Cyberknife, stereotactic radio-
therapy has been administered in lieu of external-beam
radiotherapy for small (< 35-mm) tumors, which are either
recurrent or partially resected. In addition, stereotactic ra-
diotherapy has been used as primary therapy in surgically
inaccessible tumors (for example, skull base meningiomas)
or in patients deemed poor surgical candidates such as
some elderly. The studies reported to date in which the
authors used stereotactic radiotherapy for meningiomas in-
volve comparatively small numbers of patients (usually <
100) with relatively short follow-up times (usually < 5
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TABLE 6
Simpson Grading System for meningiomas*
Grade Definition
1 macroscopic GTR w/ excision of dura, sinus & bone
macroscopic GTR w/ coagulation of dural attachment
3 macroscopic resection w/o resection or coagulation of dural
attachment
4 STR
5 biopsy

* GRT = gross-total resection; STR = subtotal resection.

years). Notwithstanding these caveats, results of stereotac-
tic radiotherapy compare favorably with external-beam ra-
diotherapy and surgery in select patients with menin-
gioma.>1839434751 A majority of patients will obtain disease
stabilization, and a small minority of these patients will
achieve tumor regression.'® This is an important point when
considering patients for serial observation who will likely
need radiotherapy at some juncture for residual/recurrent
disease.

Hormonal Therapy

Both epidemiological (female predominance) and bio-
chemical evidence (70% of meningiomas are progesterone
receptor positive and 30% are estrogen receptor positive)
suggest meningioma growth may be hormone dependent.>
1331415860 Additionally, approximately 60% of meningiomas
show staining of prolactin receptors.’>*® As a consequence,
a variety of hormonal therapies have been used in the treat-
ment of recurrent benign meningiomas not amenable to
further surgery or radiotherapy. The oral progesterone ago-
nist megestrol acetate (Megace) was used in a small trial of
nine patients with no observed response.* Subsequently, in
a trial of 14 patients, the progesterone antagonist mifepris-
tone (RU-486) was used.?* Five objective minor responses
were seen though availability of mifepristone limited fur-
ther study. The SWOG completed a study of mifepristone
for unresectable meningiomas (198 total patients of whom
160 were evaluable).?? The results did not support a role for
RU-486 compared with placebo (median PFS 10 months in
the RU-486 arm and 12 months in the placebo arm). In ad-
dition, SWOG reported a Phase II trial of 21 patients with
meningioma treated with oral tamoxifen, an estrogen re-
ceptor antagonist.”! One patient achieved a partial response,
two patients had a minor response, and six patients had sta-
ble disease for longer than 6 months.

Biotherapy and Chemotherapy

Recombinant interferon-o has been found to inhibit the
growth of cultured human meningioma cell lines in vitro.3®!
Three small reports, two in abstract form, have been pub-
lished.?>#455%61 [n the largest report, six patients with recur-
rent unresectable and previously irradiated meningiomas
were treated. One patient had an objective response and four
patients had stable disease for longer than 6 months.

Schrell and colleagues® demonstrated in vitro that hy-
droxyurea, an oral chemotherapeutic agent with a variety of
antitumoral effects, was a potent inhibitor of cultured me-
ningioma cells by inducing apoptosis. A clinical trial by
Schrell et al.* involving four patients, another by Newton
et al.¥ involving 40 patients, and a third trial reported by
Mason et al.* involving 20 patients suggested in vivo effi-
cacy (> 80% with stable disease for a median of 20 to 30
months)* (Table 7).

Calcium channel antagonists have a strong inhibitory
effect on meningioma growth in culture and are being in-
vestigated for their clinical utility in conjunction with
chemotherapeutic agents.*® A recent trial of chronic oral
temozolomide for surgical and radiotherapy refractory
meningiomas failed to demonstrate activity in 16 patients.'?
Similarly, a trial of CPT-11 (irinotecan) in 16 patients with
refractory meningiomas failed to show significant activity
notwithstanding in vitro work suggesting antimeningioma
activity."” In another small trial of 16 patients, those with
recurrent meningiomas shown to overexpress somatostatin
receptors by octreotide scintigraphy were treated with
monthly long-acting somatostatin.'” Thirty-one percent of
patients demonstrated a partial imaging-documented res-
ponse, and 44% achieved PFS at 6 months with minimal
toxicity. Somatostatin analogs may offer a novel, relatively
nontoxic alternative treatment for patients with recurrent
meningiomas.

Multidrug chemotherapy trials for recurrent meningio-
mas whether aggressive, malignant, or refractory to surgery
and radiotherapy are scant.”*® The best-documented che-
motherapy regimen (cyclophosphamide, adriamycin, and
vincristine) has been used primarily in an adjuvant setting
for the treatment of malignant meningiomas; however,
without a control group, the results are difficult to inter-
pret.” Other published regimens do not report response
rates, duration of response or toxicity data, and therefore
should be regarded as investigational.?® Unpublished data
from a small number of patients from a Phase II SWOG
trial for aggressive meningeal tumors and malignant me-
ningiomas with ifosfamide/mesna did not show initial
promise.

TABLE 7
Hydroxyurea for recurrent meningioma*
Response
No. of Meningiomas Toxicity in %
Authors & Year (no. benign) Prior RT (> Grade 3) Best Median TTP
Newton et al., 2000 17 (13) 7 25 (15) stable disease in 88% 20 mos
Mason et al., 2002 20 (16) 8 15 stable disease in 50% 30 mos

* RT = radiotherapy; TTP = time to progression.
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Conclusions

The decision to treat a meningioma is dependent on tu-
mor size and associated symptoms.

Many small incidentally discovered intracranial menin-
giomas may be observed expectantly. Evidence for menin-
gioma development and growth associated with reproduc-
tive and hormonal factors, especially in premenopausal
women is not compelling. Contrast-enhanced cranial CT
and MR imaging are the predominant imaging techniques
used in the diagnosis and management of meningiomas;
however, in selected cases, MR spectroscopy and octreo-
tide scintigraphy may be useful. Surgery, when complete
and image-verified, results in the best long-term survival
and freedom from disease recurrence. Radiotherapy is rec-
ommended for tumors incompletely resected or recurrent
following initial surgery. Stereotactic radiosurgery is in-
creasingly used both as primary therapy (for example, in an
elderly patient with a tumor in an eloquent brain location)
and as salvage therapy for recurrent meningioma. Long-
term outcome studies, however, are lacking. Hormonal, im-
munotherapy, and chemotherapy for recurrent meningioma
having failed surgery and radiotherapy is only partially ef-
fective. Of the agents studied, hydroxyurea appears the
most effective. However, there is a paucity of clinical trials
on which to make decisions regarding these agents.

In summary, meningiomas are benign extraaxial CNS
tumors, which when symptomatic are typically treated with
definitive resection. However, small asymptomatic menin-
giomas may be observed and followed by sequential MR
and CT imaging. Radiation therapy is suggested for resid-
ual and recurrent disease following surgery and for symp-
tomatic meningiomas in surgically hazardous locations (for
example, the cavernous sinus). In elderly patients or high-
risk patients who undergo surgery, small meningiomas are
increasingly being treated primarily with stereotactic radio-
therapy. Several trials of chemotherapeutic and hormonal
agents for progressive or recurrent disease have been re-
ported and are ongoing. These studies should be interpret-
ed with caution, as no large cohorts have been studied nor
has the therapy been shown to cause regression of disease,
and “stability” must be scrutinized carefully, given the nat-
ural biology and inherent slow rate of growth of these tu-
mors. Clearly there is a need to develop new biological,
genetic, and chemotherapeutic options for recurrent menin-
giomas that have exhausted surgical and radiation treat-
ment options. Future treatments will likely include gene
therapy using viral vectors, biodegradable wafers contain-
ing biological response modifiers or chemotherapeutic
agents, monoclonal antibodies targeted to meningioma cell
surface tumor markers, and small molecules that antago-
nize surface receptors or ligands involved in cell growth.
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