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MeningioMas have increasingly been detected 
incidentally due to advances in neuroimaging, 
such as CT and MR imaging.9 Neurological ex-

aminations and neuroradiological screening for indefinite 
complaints also contribute to this increase in detection, 
especially in advanced countries.17 Although most IDMs 
can be cured surgically,18 the morbidity and mortality as-
sociated with surgery itself cannot be determined as these 
tumors are generally considered asymptomatic and be-

nign.9 Therefore, determining the proper management 
for these cases is critical. However, due to the lack of 
knowledge regarding the exact natural history of these 
tumors and their potential for growth, what to consider as 
“appropriate” treatment remains controversial.14

Several authors have investigated the natural history 
of IDMs.3,4,9,14,16,23,24 They have identified various factors 
predictive of tumor growth; however, these factors differ 
from study to study. Recently, we analyzed 70 IDMs using 
a volumetric method with a relatively long follow-up pe-
riod. We concluded that most IDMs do not seem to grow 
for a certain period of time, and that they do not always 
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Object. The precise natural history of incidentally discovered meningiomas (IDMs) remains unknown. It has 
been reported that for symptomatic meningiomas, tumor location can be used to predict growth. As to whether the 
same is true for IDMs has not been reported. This study aims to answer this question and provide biological evidence 
for this assumption by extending the study to involve symptomatic cases.

Methods. A total of 113 IDMs were analyzed by fine volumetry. A comparison of growth rates and patterns 
between skull base and non–skull base IDMs was made. Subsequently, materials obtained from 210 patients with 
symptomatic meningiomas who were treated in the authors’ hospital during the same period were included for a bio-
logical comparison between skull base and non–skull base tumors using the MIB-1 index.

Results. The 110 patients with IDMs included 93 females and 17 males, with a mean follow-up period of 46.9 
months. There were 38 skull base (34%) and 75 non–skull base (66%) meningiomas. Forty-two (37%) did not exhibit 
growth of more than 15% of the volume, whereas 71 (63%) showed growth. Only 15 (39.5%) of 38 skull base menin-
giomas showed growth, whereas 56 (74.7%) of 75 non–skull base meningiomas showed growth (p = 0.0004). In the 
71 IDMs (15 skull base and 56 non–skull base), there was no statistical difference between the 2 groups in terms of 
mean age, sex, follow-up period, or initial tumor volume. However, the percentage of growth (p = 0.002) was signifi-
cantly lower and the doubling time (p = 0.008) was significantly higher in the skull base than in the non–skull base 
tumor group. In subsequently analyzed materials from 94 skull base and 116 non–skull base symptomatic meningio-
mas, the mean MIB-1 index for skull base tumors was markedly low (2.09%), compared with that for non–skull base 
tumors (2.74%; p = 0.013).

Conclusions. Skull base IDMs tend not to grow, which is different from non–skull base tumors. Even when 
IDMs grow, the rate of growth is significantly lower than that of non–skull base tumors. The same conclusion with 
regard to biological behavior was confirmed in symptomatic cases based on MIB-1 index analyses. The authors’ find-
ings may impact the understanding of the natural history of IDMs, as well as strategies for management and treatment 
of IDMs and symptomatic meningiomas. (DOI: 10.3171/2011.11.JNS11999)
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Abbreviation used in this paper: IDM = incidentally discovered 
meningioma.
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grow exponentially but rather exhibit complex patterns of 
growth.6 In addition, the presentation of calcification on 
CT or MR imaging has a negative impact on its growth.

We further surveyed other factors predictive of IDM 
growth, and we identified tumor location, that is, non–
skull base versus skull base, as a potentially useful clini-
coradiological predictor of the growth behavior of IDMs. 
Here, we report our results and discuss biological evi-
dence to support these findings through expansion of the 
theory involving symptomatic meningiomas.

Methods
A total of 110 patients with IDMs, who are being fol-

lowed up at our institution, were included in this study. 
The tumor growth rate of individual IDMs was analyzed 
using a manual volumetric method. Then, to confirm the 
biological differences between skull base and non–skull 
base tumors, 210 symptomatic patients with Grade I me-
ningiomas, based on the WHO 2007 classification, who 
were treated in Osaka University Hospital, were also 
included. This study was approved by the ethics review 
board of the university.

Definition of Tumor Location
The location of the origin of the meningioma was 

carefully determined on MR images by N.H. and at least 
one of the coauthors, who are all experienced neurosur-
geons (M.K., N.K., Y.F., and T.Y.). For large tumors, for 
which the origin is difficult to define, the most widely at-
tached portion of the tumor in the skull was considered. 
In this study, we divided tumor location into 2 groups: 
skull base and non–skull base. Skull base origins in-
cluded the olfactory groove, planum sphenoidale, cavern-
ous sinus, sphenoid wing, clinoidal portion, tuberculum 
sellae, clivus, and petrous bone. Tentorial meningiomas 
were considered non–skull base lesions.

Volumetric Analysis of Tumor Size and Evaluation of 
Growth by Regression Analysis in IDMs

Between 1993 and 2009 at Osaka University Hospi-
tal, 121 patients (19 men and 102 women) were inciden-
tally diagnosed as harboring intracranial meningiomas 
on the basis of MR imaging findings. We reviewed each 
patient’s records and judged whether the tumors were to-
tally asymptomatic or if the patient had any symptoms 
that could be attributed to the lesion. Meningiomas were 
radiologically diagnosed by the presence of an extraaxial 
mass, with broad-based attachment along the dura mater 
or with attachment to the choroid plexus in the ventricles, 
which were homogeneously and markedly enhanced with 
contrast medium as previously described.24 Of the 121 pa-
tients, 110 who underwent MR imaging at least 3 times 
over the course of more than 1 year were included in this 
study. The results of serial MR imaging studies and clini-
cal characteristics such as sex, age, and length of follow-
up were reviewed.

Volumetric analysis and evaluation of the pattern of 
growth with regression analysis were conducted as previ-
ously reported.6 Briefly, the tumor size was evaluated by 
volumetric assessment (volumetry) using Scion Image for 

Windows software (Scion Corp.). The enhanced area of 
the tumor in each slice image was measured by manual 
tracing of the tumor boundaries, and then the sum of the 
enhanced areas was multiplied by the slice interval of the 
MR imaging series. The absolute growth rate (cm3/year) 
and relative growth rate (%/year) were calculated for each 
tumor, according to the equation described elsewhere.14 
The percentage of growth (growth volume/initial tumor 
volume) was calculated as well.

Inaccuracy of measurement from 2 sources of errors 
(one caused by using an MR imaging series with thick 
slice intervals and the other by manual tracing of the tu-
mor) were addressed. For the former, we described a pre-
liminary study with 10 cases and showed that volumetry 
with an MR imaging series using 6.0-mm slice intervals 
was estimated to show acceptable accuracy for evaluat-
ing tumor volume, compared with an MR imaging series 
using 2.0-mm slice intervals in the same patients.6 This 
preliminary study revealed that a change in tumor volume 
(a percentage of growth or reduction in volume) less than 
15% can be thought of as representing a measurement 
error. To offset the second source of measurement error, 
we evaluated 70 IDMs and measured them 3 times. We 
found that the obtained values 2 standard deviations from 
the calculated measurements corresponded to a change 
of less than 15% in each tumor volume. Considering the 
results from these validation studies, the cutoff for tumor 
growth or reduction in volume was set to 15% in this 
study.

The time-volume curves were plotted for each tumor, 
and regression analysis was performed for the group with 
growth. Growth curves were fitted to both exponential 
growth and linear growth as previously reported.6 Re-
gression coefficients were calculated for each regression 
analysis and examined statistically for significance. If the 
growth curve fit both exponential and linear curves statis-
tically, the tumor was categorized according to the curve 
with the larger coefficient of determination (R2). In each 
case in which the pattern of growth fit either exponen-
tial or linear growth, tumor doubling time was estimated 
from each regression equation.

Biological Differences Between Skull Base and Non –Skull 
Base Meningiomas

To evaluate biological differences between skull 
base and non–skull base meningiomas, we subsequently 
analyzed 210 consecutive meningioma specimens, which 
were surgically obtained during the same period (1993–
2005). All meningiomas were histologically defined as 
Grade I tumors based on the WHO 2007 classification. 
Atypical (Grade II) and anaplastic (Grade III) tumors 
were excluded. Magnetic resonance imaging studies 
used to determine tumor location and clinicopathological 
characteristics such as sex, age, and histological subtype 
were reviewed. The MIB-1 indices were also obtained for 
all 210 specimens as previously described.13

Statistical Analysis
Regression analysis and other types of statistical 

analysis such as the Fisher exact test and Mann-Whitney 
U-test for independence were performed using statistical 
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software (version 5.0, Statview, SAS Institute, Inc.) with a 
p value < 0.05 considered significant.

Results
Volumetric Comparison of Growth Rates and Patterns 
Between Skull Base and Non–Skull Base Meningiomas

Demographic data are summarized in Table 1. A to-
tal of 113 IDMs from 110 patients were included in this 
study; 2 patients had multiple tumors. There were 93 
women and 17 men, and the mean age was 66.8 years 
(range 37–91 years). The mean follow-up period for se-
quential MR images was 46.9 months, ranging from 12 
to 121 months. Table 2 shows the distribution of the cases 
based on location. Thirty-eight (34%) were located in the 
skull base and 75 (66%) were not.

Of the 113 IDMs, 42 tumors (37%) showed no growth 
during the follow-up period and 71 (63%) showed growth. 
Interestingly, when all IDMs were divided into skull base 
and non–skull base categories, only 15 (39.5%) of 38 skull 
base meningiomas showed growth, whereas 56 (74.7%) of 
75 non–skull base meningiomas showed growth (Fig. 1; p 
= 0.0004, Fisher exact test). Of the 38 skull base IDMs, 22 
(57.9%) did not grow, and 1 reduced in volume.

As shown in Table 3, of the 71 IDMs that showed 
growth, no statistically significant difference was noted 
between the skull base and non–skull base groups in 
terms of mean age, sex, follow-up period, or initial tu-
mor volume. However, the annual relative growth rate (p 
= 0.009) and the percentage of growth (p = 0.002) were 
much lower in the skull base group than in the non–skull 
base group. Accordingly, with slower growth rate, the tu-
mor doubling time (p = 0.008) was much higher in the 
skull base group.

To further exemplify the differential growth rate be-
tween the 2 groups, the case of a 67-year-old man with 
multiple meningiomas, who underwent follow-up for 25 
months, is presented. The patient had 1 cavernous and 2 
convexity meningiomas (Fig. 2). The doubling time for 
the skull base tumor was 261 months, whereas for the 
2 convexity-located tumors, it was 162 and 116 months, 
with the latter showing growth of more than 15%.

We also analyzed the growth pattern of these tu-
mors (Table 4). Unexpectedly, 60% of skull base IDMs 
showed an exponential pattern of growth, whereas 32% 
of non–skull base IDMs showed an exponential pattern. 
Only 14% of non–skull base tumors showed no trend in 

growth pattern. In Fig. 2 (dotted lines), we can see that 
the cavernous tumor fitted better to an exponential curve 
and the 2 convexity tumors fitted better to a linear pattern 
using regression analysis. However, it is important to note 
that the R2 for the 3 tumors statistically fit both linear 
and exponential curves (Fig. 2B). But as described in the 
methodology, in situations like this, the tumor will be cat-
egorized based on the pattern with a larger R2.

The number of patients who became symptomatic 
and underwent treatment during the follow-up period 
was also different between the 2 groups (Table 5). Only 
1 (2.6%) of 38 patients with skull base IDMs underwent 
surgery, whereas 6 (8.0%) of 75 patients with non–skull 
base IDMs needed surgery or radiotherapy.

Biological Differences in Skull Base and Non–Skull Base 
Meningiomas

To clarify the biological meaning of the volumetric 
results, we went back to the surgical cases seen in the 
same period. A summary of demographic data for the 210 
consecutive symptomatic meningiomas is shown in Table 
6. The mean age was 57.2 years (range 16–90 years). The 
incidence of male sex (25.7%) seemed higher in this series 
than in that of the IDMs, but it is comparable to the pre-
viously reported incidence.18 Histological subtypes were 
also verified and consisted of meningothelial (44.3%), 
transitional (21.0%), fibrous (19.0%), angiomatous (5.2%), 
psammomatous (5.2%), and other (5.2%) subtypes. There 
were 94 skull base and 116 non–skull base meningiomas. 
No statistical difference was noted according to the age 
or sex ratio. However, the mean MIB-1 index for skull 
base tumors was markedly low (2.09%) compared with 
that for non–skull base tumors (2.74%; p = 0.013; Table 
6 and Fig. 3).

Because male sex is a well-known factor that affects 
the biological behavior of meningiomas in general, the dif-
ference between female and male sex was also analyzed. 
As expected, the highest mean MIB-1 index (3.16%) was 
seen in males with non–skull base tumors, and the lowest 
(1.82%) in females with skull base tumors. A statistically 
significant difference was observed between all male and 
all female cohorts (p = 0.045), as well as between male 
and female cohorts with skull base tumors (p = 0.021; 
Table 7).

Discussion
Several reports have been published regarding the 

TABLE 1: Demographic data of 113 IDMs for volumetric analyses

Variable All Skull Base Non–Skull Base

no. of cases (%) 113 38 (34) 75 (66)
mean age in yrs (range) 66.8 (37–91) 66.8 (40–84) 66.8 (37–91)
sex ratio (F:M) 93:17 29:9 64:8
mean follow-up period in mos (range) 46.9 (12–121) 40.3 (12–100) 50.3 (12–121)
mean initial tumor volume in cm3 (range) 9.79 (0.32–86.62) 12.22 (0.56–86.62) 8.56 (0.32–74.69)
no. w/o growth (%) 42 (37)
no. w/ growth (%) 71 (63)
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natural history of IDMs using various means of growth 
measurement, some using linear (diameter)4,9,16,21,23 and 
some using volumetric6,14,15,24 methods. According to 
these studies, the natural history of IDMs can be sum-
marized in 3 points. First, most IDMs (or at least a sub-
set of IDMs) may not grow for a certain period of time. 
Second, for tumors that grow, the rate of growth seems 
slow. In our previous report, the mean tumor volume dou-
bling time in growing IDMs was 93.6 months (7.8 years). 
Finally, hyperintensity on T2-weighted imaging is posi-
tively correlated with growth, whereas the presence of 
calcification is negatively correlated with tumor growth. 
As to the impact of tumor location on growth behavior, 
probably because of the small number of patients, this has 
yet to be reported. In this paper, we found that IDMs in 
the skull base tended not to grow when compared with 
those in non–skull base locations. Furthermore, even if 
these tumors grow, the rate of growth was significantly 
lower in terms of the percentage growth, annual growth 
rate, and rates of experiencing symptoms and undergoing 
treatment.

In this report, we also found that there was a statisti-
cally significant difference in the MIB-1 index, which is 
thought of as a biological marker of cell proliferation, be-
tween skull base and non–skull base meningiomas. This 
is in line with previous studies indicating the existence 
of biological differences between the two.8,10,11,20 Kasuya 
et al.8 reported that male sex, the absence of calcifica-
tion on imaging, and non–skull base location are inde-
pendent risk factors for a high MIB-1 index by logistic 
regression analysis among 342 consecutive surgical cas-
es. More recently, McGovern et al.11 made an important 
note that meningiomas with a non–skull base location are 
more likely to have a higher MIB-1 index and recur with 
a higher grade than those within the skull base. Sade et 
al.20 found that the incidence of Grade II and III tumors is 
significantly higher outside the skull base (12.1%) than in 
the skull base (3.5%) from the records of 794 consecutive 
patients. Mahmood and colleagues10 likewise noted that 
among their 319 patients, 25 had Grade II and III tumors, 
of which, 7 (28%) were located at the skull base and 18 
(72%) were outside the skull base. In the latest study from 

TABLE 2: Distribution of all IDM cases based on location

Location No. of Cases

convexity 35 
falx 17 
petroclival 17
parasagittal 14
sphenoid wing  7
cavernous  6
intraventricular  4
planum sphenoidale  4
tentorium  4
olfactory  3
other  2

TABLE 3: Comparison between skull base and non–skull base lesions in 71 growing IDMs*

Variable Skull Base (range) Non–Skull Base (range) p Value Statistics Used 

no. of cases 15 56
mean age in yrs 69.5 (40–83) 66.6 (37–91) 0.320 M-W
sex ratio (F:M) 11:4 48:6 0.207 Fisher
mean follow-up period in mos 49.3 (20–100) 53.1 (12–121) 0.485 M-W
mean initial tumor volume in cm3 14.71 (0.79–86.62) 8.11 (0.32–74.69) 0.163 M-W
absolute growth rate in cm3/yr 1.20 (0.02–7.85) 1.15 (0.04–11.33) 0.662 M-W
relative growth rate %/yr 6.84 (2–24) 13.78 (2–74) 0.009† M-W
% growth 25.56 (15.57–43.27) 94.83 (16.11–1519.67) 0.002† M-W
mean tumor doubling time 160.8 (39–383) 111.5 (15–420) 0.008† M-W

* M-W = Mann-Whitney.
†  Statistically significant.

Fig. 1. Incidence of meningiomas showing growth and no growth in 
skull base and non–skull base tumors. Fifteen (39.5%) of 38 skull base 
tumors showed growth, whereas 56 (74.7%) of 75 non–skull base tu-
mors showed growth (p = 0.0004, Fisher exact test).
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Kane et al.,7 based on their statistical observation of 378 
surgical cases, they reported that anatomical location is a 
risk factor for Grade II and III meningiomas.

All these reports, including ours, seem to suggest 
that non–skull base meningiomas have a more aggressive 
behavior. In 2003, we proposed that loss of 1p is signifi-
cantly correlated with malignant progression of menin-
giomas by analyzing 72 tumors, including WHO Grade 
II and III tumors, with fluorescence in situ hybridization 
and loss of heterozygosity analyses.13 This small study in-
cluded 49 Grade I, 15 Grade II, and 8 Grade III tumors. 
Although the data were not shown in this paper, it was our 
impression that most Grade II and III tumors are found 
in a parasagittal (non–skull base) location. Therefore, we 
decided to categorize these tumors according to location, 
and we were able to obtain a statistically significant dif-
ference in the percentage of cells with 1p deletions (Table 
8). We noted that skull base meningiomas harbored a sig-
nificantly lower percentage of cells with 1p loss (20.31%) 
compared with non–skull base tumors (37.87%). This ob-

servation seems to further suggest that skull base tumors 
may indeed have fewer genetic aberrations and may have 
a less aggressive biological nature.

Regarding growth patterns, Nakasu et al.15 and our 
group6 reported that IDMs do not always grow exponen-
tially and show various patterns of growth including a 
linear pattern. Based on the rule of proliferation kinet-
ics, tumors with an exponential pattern of growth will 
maintain their cell-doubling time constant over time. In 
contrast, those with linear growth patterns will have a re-
duced cell-doubling time over time. In this study, 60% 
of skull base IDMs showed an exponential pattern of 
growth, whereas 33% of non–skull base IDMs showed 
an exponential pattern. However, these data must be cau-
tiously interpreted because most of the tumors did fit both 
exponential and linear patterns statistically when regres-
sion analysis was performed. In fact, among the 63 tu-
mors with either a linear or exponential growth pattern 
described in Table 4, only 1 tumor fit an exclusively linear 
pattern (data not shown). In other words, the data in Ta-

TABLE 4: Growth patterns of 71 growing IDMs

No. of Cases (%)
Pattern Skull Base Non–Skull Base

no trend 0 (0) 8 (14)
exponential 9 (60) 18 (32)
linear 6 (40) 30 (54)

TABLE 5: Summary of clinical courses of 113 IDMs

No. of Cases (%)
Course Skull Base Non–Skull Base 

remained asymptomatic 37 (97.4) 69 (92.0)
underwent surgery 1 (2.6) 4 (5.3)
underwent radiotherapy 0 2 (2.7)

Fig. 2. Sequential volumetric data (A), the data for growth rates and results of regression analyses (B), and MR images (C) 
from a representative case of a 67-year-old man with multiple IDMs. Note that the percentage of growth of cavernous IDMs (red 
line) is smaller than those of convexity ones (gray and blue lines). Expo. = exponential; Judg. = judgment of growth pattern; p = 
p value; R2 = coefficient of determination; S = statistically significant; TdT = tumor doubling time. Refer to the text for explanation 
of the dotted lines.
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ble 4 reflect the fact that we took the larger coefficient of 
determination (R2) in each tumor. Therefore, we believe 
that it is still too early to conclude that skull base tumors 
are more likely to present with an exponential pattern of 
growth. Longer follow-up periods and more cases are still 
warranted.

We believe that our findings may contribute to the 
understanding of the natural history of IDMs. It may also 
impact the way we currently manage IDMs. Those with 
a skull base location can be observed with sequential 
follow-up MR images more safely and longer than those 
with non–skull base tumors, except when they are locat-
ed at the medial sphenoidal region adjacent to the optic 
nerve. We may be able to recommend a longer interval of 
follow-up MR imaging in skull base IDMs than in non–
skull base tumors after confirming that IDMs tend not to 
grow during the early phase of follow-up.

For IDMs that became symptomatic or for uncompli-
cated symptomatic meningiomas requiring intervention, 
the findings in this paper may also be useful. As has been 

reported before, non–skull base meningiomas are more 
amenable to total resection and have better recurrence-
free survival rates,11 whereas total resection of skull base 
meningiomas may be limited by adjacent critical struc-
tures including the brainstem and cranial nerves. Black 
and colleagues1 reported a series of 100 patients with 
skull base meningiomas who were treated with a com-
bination of aggressive surgery and conformal radiation 
therapy. The authors found that this approach yielded an 
acceptable functional status in 99% of patients. McGov-
ern et al.11 also reported that adjuvant radiation therapy 
for skull base meningiomas improved the recurrence-
free survival rate of subtotally resected skull base tumors 
to levels similar to those that were completely resected. 
Consistent with their suggestion, and taking into con-
sideration the findings in this paper that skull base me-
ningiomas have less aggressive behavior, it seems that 
maximal surgical reduction limited by the preservation of 
patient performance status, and the addition of postopera-
tive radiotherapy or radiosurgery,2,5 intensity-modulated 
radiotherapy,12,19 and proton therapy,22 may be an accept-
able option for these patients.

Conclusions
A sequential volumetric analysis of 113 IDMs re-

vealed that skull base IDMs tended not to grow com-
pared with non–skull base IDMs. Even when the skull 
base IDMs grow, the rate of growth is significantly lower 
than that for non–skull base tumors. Furthermore, a bio-
logical comparison of skull base and non–skull base sur-

TABLE 6: Biological comparison between skull base and non–skull base symptomatic meningiomas

Variable All Skull Base Non–Skull Base p Value (statistic)*

no. of cases 210 94 116
age in yrs  0.096 (unpaired t-test)
 mean 57.2 55.5 58.6
 range 16–90
sex ratio (F:M) 156:54 68:26 88:28 0.635 (Fisher)
MIB-1 index (%) 0.013 (unpaired t-test)†
 mean 2.45 2.09 2.74
 range 0.1–11.1

* The p values represent the differences between the skull base and non–skull base symptomatic meningiomas.
†  Statistically significant.

TABLE 7: Relation of MIB-1 index to location and sex

Variable Male Female p Value (unpaired t-test)

no. of cases 54 156
mean age in yrs 59.59 56.42 0.13
mean MIB-1 (%)
 all 2.99 2.27 0.045*
 skull base 2.82 1.82 0.021*
 non–skull base 3.16 2.61 0.249

*  Statistically significant.

Fig. 3. Graph showing the MIB-1 index in surgical specimens from 
the skull base and non–skull base groups. The mean MIB-1 index for 
skull base tumors was markedly low (2.09%) compared with that for 
non–skull base tumors (2.74%; p = 0.013). Circles show the mean MIB-1 
index, and bars show the 95% CI.
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gically treated meningiomas in 210 consecutive patients 
showed that the mean MIB-1 index was significantly low-
er in skull base tumors. These findings may impact our 
understanding of the natural history of IDMs, as well as 
the strategies for management and treatment, not only of 
IDMs, but also of symptomatic meningiomas.
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TABLE 8: Loss of 1p by genetic analysis and location

Location No. Mean % Cells w/ 1p Loss*
Skull base 17 20.31
Non–skull base 55 37.87

* p = 0.019 (Mann-Whitney).
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