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Abstract
Background: Asymptomatic solitary meningiomas are typically managed with 
clinical and radiographic follow‑up. Multiple meningiomas represents a clinical 
entity distinct from solitary meningiomas and can be sporadic, radiation‑induced, 
associated with neurofibromatosis, or exhibit other familial inheritance. The growth 
rate for multiple meningiomas is not known and therefore management of these 
complicated patients can be difficult.
Methods: A retrospective chart review was performed on 12 patients with a total 
of 55 meningiomas. Patients with neurofibromatosis were not included. Serial 
enhanced magnetic resonance imaging was used to determine tumor growth rates. 
Treatment history was also reviewed and included for analysis.
Results: Analysis of all 55 tumors demonstrated an average rate of growth of 
0.46 cm3/year  (range: ‑0.57-2.94 cm3/year). In the 23 tumors that received no 
treatment, the average rate of growth was 0.34 cm3/year (range: ‑0.03-1.8 cm3/year). 
Ten of the 23 tumors that received no treatment had no history of cranial irradiation. 
This group demonstrated a growth rate of 0.44 cm3/year (range: ‑0.01-1.8 cm3/year). 
Linear regression analysis did not yield any significant relationship between tumor 
burden and rates of growth.
Conclusion: Tumor growth rates in patients with multiple meningiomas did not 
appear to be higher than reported rates for incidentally found solitary meningiomas. 
As such, asymptomatic multiple meningioma patients should be managed with 
clinical and radiographic follow‑up.

Key Words: Meningioma, multiple meningioma, natural history

INTRODUCTION

Meningiomas are the most common brain tumors, 
representing approximately 35% of all brain tumors 
diagnosed in the United States.[3] Meningiomas are 
generally benign and slow growing, but growth rates 
can vary dramatically. Existing data suggests that 
meningiomas generally fall into three groups: Those 

that do not grow, those that exhibit linear growth, and 
those that exhibit exponential growth.[2,7] Greater use 
of diagnostic imaging has led to an increasing number 
of meningiomas being found while still asymptomatic 
or minimally symptomatic providing challenges in 
management. Most solitary incidental meningiomas, 
however, can be managed with close clinical and 
radiographic follow‑up.[2,10]
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Multiple meningiomas are found in only 1-10% of 
patients with meningiomas[5,6] [Figure 1]. It can occur 
sporadically or as part of a familial syndrome of 
either neurofibromatosis (NF) type 2 or familial multiple 
meningioma.[8] Development of multiple meningiomas 
in the setting of NF involves inactivation of the NF2 
gene on chromosome 22, which affects the merlin 
tumor suppressor protein. Familial multiple meningioma 
demonstrates autosomal dominant inheritance, but does 
not typically involve the NF2 gene.[8] Many sporadic cases 
are also related to merlin inactivation and exhibit loss of 
one copy of chromosome 22.

Management of solitary meningiomas is often dictated by 
tumor size, location, symptoms, and patient preference. 
In carefully selected patients, a single surgical intervention 
can provide the opportunity for cure. Patients with 
multiple meningiomas are not typically able to achieve 
this result without multiple surgeries and additional risk. 
In fact, extensive surgical intervention in order to treat all 
foci may be unnecessary. Eucidating the natural history 
and growth rate of these tumors is therefore important to 
determine the best management strategy.

MATERIALS AND METHODS

A retrospective chart review was performed on patients 
treated at NorthShore Neurologic Institute between 
1990 and 2010 to identify patients with more than one 
meningioma. Thirteen patients were identified with 
a total of 69 meningiomas. One patient had a history 
of NF type  2 and was excluded for the purposes of 
our study. The remaining 12  patients had 55 tumors. 
Eleven patients underwent treatment, while one had no 
treatment during the period of follow‑up. Seven of the 
eleven had surgical treatment of one or more tumors. 

Figure  1:  Axial images of a gadolinium‑enhanced magnetic 
resonance imaging of the brain. The patient had a symptomatic right 
frontal meningioma treated with surgery, but had four additional 
separate meningiomas in discrete locations

Three of eleven had stereotactic radiosurgery  (SRS). 
One patient had whole brain radiation therapy  (WBRT) 
and one patient had a combination of SRS, surgery, and 
WBRT. Of the 12  patients, 6 had a history of cranial 
irradiation suspected to be the cause of the multiple 
meningiomas.

Serial gadolinium‑enhanced magnetic resonance imaging 
(MRI) was analyzed to determine tumor burden in each 
patient as well as growth over time. Growth was assessed 
using volumetric estimations determined by the “abc/2” 
method.[1] In order to ascertain a better estimation of the 
natural history of multiple meningiomas, two subgroup 
analyses were performed: The first utilized growth data 
on tumors that have not been treated by any of the above 
modalities (surgery, SRS, or WBRT). The second analysis 
was performed on the portion of untreated tumors that 
were not believed to be the result of previous cranial 
radiation exposure.

Statistical analysis was performed using Microsoft Excel 
with StatPro. Simple linear regression analysis was used 
to determine whether there was any correlation between 
tumor burden and rate of growth. Square of the sample 
correlation coefficients were also calculated and used for 
analysis.

RESULTS

Twelve patients with a total of 55 meningiomas were 
included for analysis  [Table  1]. Eleven patients  (92%) 
were female. The average number of tumors per patient 
was 4.6  (range: 2-10). Average age at diagnosis was 
37  years  (range: 19-61  years). Average tumor size at 
time of diagnosis was 0.84 cm3  (range: 0.04-4.51 cm3). 
The average length of follow‑up was 61  months  (range: 
24-101 months).

The overall average growth rate for all 55 meningiomas 
was 0.46 cm3/year  (range:  ‑0.57-2.94cm3/year). Of the 
55 tumors, 23 were untreated. The average tumor size 
at time of diagnosis for untreated tumors was 0.92  cm3 
(range: 0.04-4.51cm3). The average rate of growth 
was 0.34 cm3/year  (range:  ‑0.03-1.8 cm3/year). Of the 
23 untreated tumors, 13 occurred in patients believed 
to have radiation‑induced multiple meningiomas. The 
remaining 10 tumors were distributed among four 
patients with an average growth rate of 0.44 cm3/year 

Table 1: Patient characteristics
Number of patients 12
Males/females 1/11
Average number of tumors per 
patient (range)

4.6 (2-10)

Average age at diagnosis (range) 37 (19-61)
Average size at diagnosis (range) 0.84 cm3 (0.04-4.51 cm3)
Average follow‑up (range) 61 months (24-101 months)
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(range:  ‑0.01-1.8 cm3/year). The average tumor size at 
time of diagnosis was 1.47 cm3 (range: 0.04-4.51cm3).

The relationship between tumor burden and rate 
of growth was analyzed using linear regression 
analysis  [Figure  2a‑c]. In the total group data, no 
correlation was found between tumor burden and rate 
of tumor growth. In subgroup analysis of untreated and 
untreated without history of cranial irradiation, there was 
little, if any, correlation.

DISCUSSION

To the best of our knowledge, this represents the first 
attempt at determining the growth rate for nonsyndromic 
multiple meningiomas. In our analysis of 55 tumors 
distributed over  12  patients and subgroup analysis of 
untreated tumors and untreated tumors without any 
history of cranial radiation, we found average growth 
rates of 0.34-0.46 cm3/year with an overall range of 
‑0.57-2.94 cm3/year. Nakasu et  al., reported average 
growth rates for solitary meningiomas to be 0.796 

cm3/year (range: 0.03-2.62 cm3/year).[7] While our average 
result was lower, it may not represent a statistically 
significant difference.

We further analyzed the relationship between tumor 
multiplicity and growth rates through several linear 
regression analyses. In the overall group, as well as 
the subgroups, we were unable to find any significant 
relationship between tumor burden, expressed as number 
of meningiomas per patient, and rates of growth. This 
suggests that over the range of this study, patients with 
10 meningiomas do not significantly differ in their course 
when compared with patients with 2 meningiomas with 
respect to tumor growth rates.

Many treatment modalities are used in the management 
of meningiomas. This includes surgery, whole brain 
radiation, and SRS. Selection of treatment should 
include consideration for both the benefits and the risks. 
Radiation effects are conventionally categorized into acute, 
subacute, and delayed effects.[4] Acute effects typically 
occur within several weeks of treatment and include 
symptoms of headache, nausea, and somnolence. These 
effects are believed to be mediated by radation‑induced 
cerebral edema. Subacute effects occur between several 
weeks and several months of treatment. This is thought 
to be a result of injury to oligodendrocytes leading to 
demyelination and neurologic dysfunction. These effects 
are generally believed to be transient. Delayed effects 
occur after several months, but within the first 3  years 
after treatment. The most devastating manifestation of 
this is a progressive, space‑occupying process of radiation 
necrosis thought to be the result of vascular endothelial 
damage. The risk of radiation necrosis is dependent 
on fractionation dose, total dose, treatment duration, 
treatment volume, patient age, and comorbidities, though 
reported risks range from 3% to 24%.[9]

Overall, in both rates of growth and relationship of disease 
burden to growth rates, we did not find any significant 
differences compared with solitary meningiomas. Given 
the inherent risks in treatment, the unlikely possibility of 
complete cure, and the slow growth rate, we recommend that 
management of these patients be dictated by clinical exam. 
Asymptomatic patients with multiple meningiomas can be 
managed through close clinical and radiographic follow‑up.

Limitations
The present study is limited by its retrospective design 
and small sample size. In addition, the patient group 
had some important heterogeneous characteristics, such 
as history of radiation exposure and differing treatment 
strategies. We attempted to address these by performing 
subgroup analyses to obtain more representative data, but 
obviously those results are limited by even smaller sample 
sizes. Larger, prospective studies are required to obtain 
this information.

Figure 2: Simple linear regression analysis of tumor burden and 
growth rate in three groups: (a) all tumors, (b) all untreated tumors, 
(c) untreated tumors without a history of cranial irradiation. Square 
of the sample correlation coefficients are included (r2)

(a)

(b)

(c)
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