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Abstract
Introduction: The growth rate of meningiomas varies greatly (0.01 to 2.58 cm3/year).

An inappropriate ‘wait and see’ treatment strategy, such as a follow-up interval of MRI longer than 2 years,
for rapid growing meningioma (RGM) may seriously increase the risk of subsequent surgery and may
eliminate the opportunity for operation. Our purpose was to compare the MR imaging features of slow-
growing meningiomas (SGMs) and RGMs and identify the factors that could predict RGM.

Methods: We retrospectively collected SGM and RGM data between 2016 and 2021 in Beijing Tiantan
Hospital and then used IBM SPSS software to analyze the clinical and MR imaging features between the
two groups.

Results: Eighty-seven SGM and 78 RGM were collected in our study. Male sex had a 2.896-fold risk of
predicting RGM in multivariate analysis (P = 0.048). Patient age, tumor shape and location showed no
signi�cant difference between the two groups (P = 0.562, P = 0.514, P = 0.094, respectively).
Meningiomas with diameters > 2.5 cm had a higher risk of growing rapidly (multivariate analysis, HR:
3.484, P = 0.006). The presence of peritumoral edema and absence of hypointensity on T2W-MRI were
signi�cantly associated with RGM (multivariate analysis; HR: 6.990, P < 0.001; HR: 3.753, P = 0.008;,
respectively).

Conclusions: Male sex, peritumoral edema, tumor size > 2.5 cm and absence of hypointensity on T2W-
MRI may indicate the potential for rapid growth of meningiomas.

Introduction
Meningioma is the most common primary intracranial tumor (37.6%), with an annual incidence rate of
8.58 per 100 000 population [1]. The incidence rate increases with age; the prevalence is 0.5% in subjects
aged 45–59 years and 1.6% after 75 years [2]. The treatment plan (operation, dynamic observation or
radiotherapy) is mainly based on the tumor size, location and presence of symptoms. Dynamic
observation is one preferred treatment for some meningiomas with a maximum diameter below 2.5 cm
and without neurological symptoms or patients with high surgical risk [2]. However, the annual growth
rate of meningiomas is very different (0.01–2.58 cm3/year) [3]. Inappropriate dynamic observation may
seriously increase the risk of subsequent surgical treatment and even miss the opportunity for operation.
Therefore, the growth rate potential of meningiomas should also be considered seriously when making
treatment decisions. The purpose of this study was to analyze the imaging features of slow-growing
meningioma (SGM) and rapid-growing meningioma (RGM) to identify factors that can effectively predict
the tumor growth rate.

Methods

De�nition of SGM and RGM



Page 4/16

A uni�ed de�nition of RGM has not yet been established, but some previous studies provide a reliable
reference. Lee et al. de�ned RGM based on an absolute growth rate of ≥ 2 cm3/year [4], while Islim et al.
added an absolute growth rate of ≥ 1 cm3/year + a relative growth rate ≥ 30%/year as an additional
standard in their report [3]. Considering that initial volume differs among observed meningiomas, de�ning
RGM only on absolute growth rate seems insu�cient. In addition, meningiomas may grow exponentially
[5], and nonsigni�cant growth in the short term (1 to 2 years) may not mean SGM correctly. Hence, we
consider an absolute growth rate of ≥ 2 cm3/year or an absolute growth rate ≥ 1 cm3/year + a relative
growth rate ≥ 30%/year as the criterion de�ning RGM, while SGM should not meet the above standards
for four years or longer.

Patient Selection
We retrospectively collected all the patients diagnosed with meningioma based on MR imaging between
2016 and 2021 in Beijing Tiantan Hospital and then checked MR imaging patient-by-patient by two
independent observers using the following steps:

1) Selecting patients who had at least two MR imaging records before operation in the hospital system.

2) Observers independently determine whether the tumor belongs to the SGM or RGM according to visual
inspection. Tumors that visually meet the de�nition criteria of rapid growth meningioma are tentatively
designated as RGM, while those that do not meet the criteria within four years or longer (if MR imaging
records can be traced back before 2016, and the maximum interval longer than 4 years between two MR
images is also acceptable) are designated as SGM.

3) Using open source software, 3D Slicer calculates tumor volume to rede�ne tumor grouping by two
observers independently. If one sample was not rede�ned in the same group by both observers, then it
was excluded.

4) Patients with radiotherapy experience in medical records were excluded.

MRI characteristics
Tumor size, shape, location, hypointensity on T2W-MRI and peritumoral edema were collected, along with
the patient’s age at the �rst diagnosis and sex. The speci�c de�nitions are as follows:

1) Tumor size is de�ned as maximum diameter considering that it is more likely to be measured, while
original image data are not always available.

2) Tumor shape was de�ned as regular (globular shape) or irregular (mushroom shape). or lobulated).

3) Tumor location was de�ned as supratentorial, infratentorial (including tentorium cerebellum, posterior
cranial fossa and clival region) and triangular region.

4) The percentage of hypointensity on T2W-MRI was de�ned as 0%, 0–33%, 34–67%, 68 − 100% (Fig. 1e-
h).
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Statistical Analysis
Analysis was performed using IBM SPSS, version 25.0 (IBM Corp., Armonk, New York, USA), for Windows.
We used independent samples t tests or Mann–Whitney U tests for continuous variables. The chi-square
test or Fisher's precision probability test was used for categorical variables. A Cox proportional hazards
model was used for multivariate analysis. Statistical signi�cance was considered present at P < 0.05.

Results

Patient characteristics
As shown in Table 1. One hundred and sixty-�ve patients were enrolled in our analysis. Eighty-seven
subjects were de�ned as SGM (mean growth rate, 0.22 cm3/year), while 78 subjects were de�ned as
RGM (mean growth rate, 5.80 cm3/year). The mean follow-up durations (Fig. 2) were 81.53 months
(range 48.40-164.13 months) and 42.81 months (range 8.93–116.00 months) in the SGM and RGM
groups, respectively (P = 0.000). The age distribution is shown in Fig. 1. Between the SGM group and
RGM group, no statistical signi�cance was found in age (mean age in years: 55.66 ± 8.20 vs. 56.60 ± 
12.52, P = 0.562; patients with age below 60 years: 70.11% vs. 56.41%, P = 0.068). There were eight
(9.20%) male patients in the SGM group and 23 (29.46%) males in the RGM group (P < 0.001).
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Table 1
Characteristics of patient and MR imaging

  SGM-group RGM- group P

Characteristics N (%) N (%) value

Patients 87 78 -

Mean follow-up duration in month (range)
b

81.53 (48.40-
164.13)

42.81 (8.93–
116.00)

< 0.001

Mean age in years (± SD) a 55.66 ± 8.20 56.60 ± 12.52 0.562

Age<60yearsc 61 (70.11) 44 (56.41) 0.068

Male sex c 8 (9.20) 23 (29.49) 0.001

Growth rate in cm3/year (range) a 0.22 (0.01–1.44) 5.80 (0.65–22.50) < 0.001

Mean volume in cm3 (range) a 6.11 (0.41–23.64) 10.34 (0.71–43.66) 0.015

Mean maximum diameter (± SD) a 2.00 ± 0.98 2.70 ± 0.98 < 0.001

Size (maximum diameter) d     < 0.001

≤ 2.5 cm 69 (79.31) 38 (48.72) -

> 2.5 to ≤ 4.0 cm 13 (14.94) 30 (38.46) -

> 4.0 cm 5 (5.75) 10 (12.82) -

Edema in the �rst MRI c 4 (4.60) 13 (16.67) 0.011

Edema in MRI within follow-up duration c 4 (4.60) 33 (42.31) < 0.001

Irregular shape c 11 (12.64) 19 (24.36) 0.514

Tumor location d     0.094

Supratentorial 69 (79.31) 53 (67.95) -

Infratentorial 14 (16.09) 23 (29.49) -

Triangular 4 (4.60) 2 (2.56) -

Hypointense in T2W-MRI d     0.008

0% 44 (50.57) 58 (74.36) -

0–33% 32 (36.78) 14 (17.95) -

a t-test, b Mann-Whitney U test, c chi-square test, d �sher's precision probability test
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  SGM-group RGM- group P

34–67% 6 (6.90) 5 (6.41) -

68–100% 5 (5.75) 1 (1.28) -

a t-test, b Mann-Whitney U test, c chi-square test, d �sher's precision probability test

MRI characteristics
Compared with the SGM group, tumors in the RGM group had a wider maximum diameter (mean
maximum diameter, 2.00 ± 0.98 vs. 2.70 ± 0.98 cm, P < 0.001), and 79.31% SGM and 48.72% RGM were
smaller than 2.5 cm (P < 0.001). Peritumoral edema was present in 4 (4.60%) SGMs and 13 (16.67%)
RGMs in the �rst MRI (P = 0.011). In the follow-up duration, we observed that 20 tumors (without
peritumoral edema in the �rst MRI) presented peritumoral edema in the RGM group (Fig. 3), while none
were found in the SGM group (P < 0.001). Regarding tumor shape and location, no signi�cant difference
was found between the two groups (P = 0.514 and P = 0.094, respectively). Tumors in the RGM group
were more likely to be without hypointensity on T2W-MRI than those in the SGM group (50.57% vs.
74.36%, P = 0.008). Details are listed in Table 1.

We performed a subgroup analysis based on tumor size, and the results are shown in Table 2. In the
subgroup of tumor size < 2.5 cm, 4 RGM (10.53%) presented edema, while no SGM presented (P = 0.014).
However, between the SGM group and the RGM group, no signi�cant difference in edema presentation
was found in the > 2.5 to ≤ 4.0 cm subgroup and the > 4.0 cm subgroup (P = 1.000, P = 1.000,
respectively). Between SGM and RGM, hypointensity on T2W-MRI was signi�cantly different in the ≤ 2.5
cm subgroup and the > 2.5 to ≤ 4.0 cm subgroup (P = 0.007, P = 0.006, respectively) but not in the > 4.0
cm subgroup (P = 0.126). (Table 2).
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Table 2
Subgroup analysis based on tumor size

  SGM-group RGM- group P

Characteristics N (%) N (%) Value

≤ 2.5 cm      

Edema in �rst MRI     0.014

No 69 (100.00) 34 (89.47) -

Yes 0 (0.00) 4 (10.53) -

Hypointense in T2     0.007

0% 39 (56.52) 33 (86.84) -

0–33% 22 (31.88) 4 (10.53) -

34–67% 5 (7.25) 0 (0.00) -

68–100% 3 (4.35) 1 (2.63) -

> 2.5 to ≤ 4.0 cm      

Edema in �rst MRI     1.000

No 12 (92.31) 26 (86.67) -

Yes 1 (7.69) 4 (13.33) -

Hypointense in T2     0.006

0% 4 (30.77) 23 (76.67) -

0–33% 6 (46.15) 7 (23.33) -

34–67% 1 (7.70) 0 (0.00) -

68–100% 2 (15.38) 0 (0.00) -

> 4.0 cm      

Edema in �rst MRI     1.000

No 2 (40.00) 5 (50.00) -

Yes 3 (60.00) 5 (50.00) -

Hypointense in T2     0.126

0% 1 (20.00) 2 (20.00) -

All dates are analysed by �sher's precision probability test
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  SGM-group RGM- group P

0–33% 4 (80.00) 3 (30.00) -

34–67% 0 (0.00) 5 (50.00) -

68–100% 0 (0.00) 0 (0.00) -

All dates are analysed by �sher's precision probability test

 
Multivariate analysis indicated that male sex (HR: 2.896, P = 0.048), peritumoral edema (HR: 6.990, P = 
0.001), absence of hypointensity on T2W-MRI (HR: 3.753, P = 0.002) and maximum diameter > 2.5 cm
(HR: 3.484, P = 0.006) predicted RGM. (Table 3).
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Table 3
Multivariate analysis of characteristics

  Univariable Multivariable

Characteristics HR 95% CI P
value

HR 95% CI P
value

Sex (male) 2.285 1.331–
4.362

0.001 2.896 1.008–
8.326

0.048

Age (<60yrs) 0.746 0.525–
1.020

0.068 0.859 0.398–
1.853

0.698

Edema in MRI within follow-up
duration (present)

5.998 2.594–
15.240

0.000 6.990 2.140–
22.840

0.001

Size (maximum diameter)            

> 2.5 cm vs<2.5 cm 2.079 1.422–
3.194

0.000 3.484 1.437–
8.475

0.006

<2.5 cm vs > 2.5 to ≤ 4.0 cm 0.469 0.283–
0.721

0.000      

<2.5 cm vs > 4.0 cm 0.517 0.233–
0.927

0.021      

<2.5 cm vs > 4.0 cm 1.103 0.454–
2.374

0.823      

Hypointense in T2W-MRI            

0 vs others 1.582 1.194–
2.099

0.002 3.753 1.611–
8.742

0.002

0 vs 0–33% 1.613 1.188–
2.157

0.003      

0 vs 34–67% 1.264 0.630-
2.000

0.469      

0 vs 68–100% 1.932 0.984–
2.644

0.090      

0–33% vs 34–67% 0.784 0.369–
1.225

0.343      

0–33% vs 68–100% 1.198 0.615–
1.620

0.659      

34–67% vs 68–100% 1.528 0.711–
3.122

0.333      

Cox proportional hazards model was used in multivariate analysis

Discussion
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A uniform de�nition of SGM and RGM should be
established
The growth pattern of meningioma varies, and previous studies have indicated that meningioma can stop
growing in a long time or follow exponential or linear growth patterns [5, 6]. Hence, meningioma
remaining ‘stable’ for one or two years may not actually be stable. We found that almost all meningiomas
that remained stable for 4 years did not grow evidently during subsequent observation, so we de�ned
SGM as tumors that did not meet the rapid growth standard for at least 4 years in this research. In
addition, because the initial volume of meningioma could be large or small, de�ning the tumor growth
rate only by absolute volume growth may mistakenly classify some tumors with small initial volumes as
slow-growing meningioma. In this study, we de�ned the absolute growth rate of ≥ 2 cm3/year or absolute
growth rate ≥ 1 cm3/year + relative growth rate ≥ 30%/year as the criterion de�ning RGM. Considering
that the de�nition of SGM and RGM could seriously affect the analysis results, a uniform and widely
accepted de�nition should be considered in the future.

Meningioma of males may grow faster
Several previous studies reported that RGM was more common in male patients [3, 4, 7]. In our results,
meningioma was associated with a 2.285-fold higher risk and a 2.896-fold higher risk of RGM in male
patients than in female patients in univariate and multivariable analyses (P = 0.001, P = 0.048,
respectively). However, a signi�cant difference was not found in a meta-analysis (volumetric analysis, P 
= 0.107; maximum diameter analysis, P = 0.662) [8].

Larger meningiomas tend to grow rapidly
Some reports have observed that large meningiomas seem to grow faster than small ones [3, 4, 9, 10].
Meningiomas with diameters of > 2.5 to ≤ 4.0 cm had an 8.18-fold increased risk compared with smaller
ones, while those larger than 4 cm had a 50.31-fold increased risk [4]. In the current study, we found that
tumors larger than 2.5 cm had a higher risk of growing rapidly (HR: 3.484, P = 0.006).

Peritumoral edema is a high-frequency event when
meningioma grows rapidly
Peritumoral edema strongly correlated with rapid growth meningioma has been reported in previous
studies [3, 4, 6, 7]. Lee et al. reported that 42.4% of all 59 rapidly growing meningiomas (volume ≥ 2
cm3/year) presented edema, while only 12.1% of 173 slowly growing meningiomas (volume < 2
cm3/year) presented edema (HR: 1.96, P < 0.001) [4]. Another report observed that meningioma with
peritumoral edema has a 6.27 times higher risk of predicting progression (volume ≥ 2 cm3/year or
volume ≥ 1 cm3/year + growth rate ≥ 30%/year) than meningioma without (P < 0.001). Similarly, in the
current study, we also found that peritumoral edema was signi�cantly associated with rapidly growing
meningioma (Fig. 1a-d) in univariable and multivariable analyses (HR: 5.998, P = 0.000; HR: 6.990, P = 
0.001, respectively). In the subgroup analysis based on tumor size, among tumors with a maximum
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diameter ≤ 2.5 cm, 4 (10.53%) RGMs presented peritumoral edema, while no SGMs were present (P = 
0.014). However, no signi�cant difference was found among the other subgroups (> 2.5 to ≤ 4.0 cm
subgroup, P = 1.000; >4.0 cm subgroup, P = 1.000). For meningioma, peritumoral edema not only
correlated with a rapid growth rate but was also associated with a high ki-67 level, malignant
meningioma, hemangioma meningioma, brain invasion, mutational burden and symptom progression
[11–14]. Considering the importance of peritumoral edema in meningioma, it should be taken into
account when making treatment decisions, especially in small meningiomas.

Without hypointensity in T2W-MRI associated with RGM
Our study indicated that meningiomas without hypointensity on T2W-MRI tend to grow rapidly, which is
similar to several other articles [3, 4, 8, 15, 16]. A meta-analysis indicated that meningioma without
hypointensity on T2W-MRI has a 2.75-fold risk of being RGM (P < 0.001) [8]; similarly, a 3.753-fold risk
was found in our study in the multivariable analysis (P = 0.002). However, we did not �nd a signi�cant
difference between various degrees of hypointensity on T2W-MRI (Table 3). The subgroup analysis
showed that the prediction ability of hypointensity in T2W-MRI was suitable for meningiomas of different
sizes (Table 2). Different internal characteristics of tumors will cause different MRI information. In
contrast, MRI information can also re�ect the internal characteristics of tumors to a certain extent.
Texture features could help to distinguish the grade and brain invasion of meningioma [17–20]. Here, the
hypointensity in T2W-MRI seems to re�ect the growth potential of the tumor to some extent. Perhaps,
using radiomics could provide more accurate information on the growth potential of meningiomas.

Limitations Of This Study
This is a retrospective analysis in a single institute. The strict de�nition of slow-growing meningioma
avoids erroneously dividing RGM into RGM, but some slow-growing meningioma was inevitably omitted.
On the other hand, many of the larger meningiomas were surgically removed without follow-up when they
were �rst discovered, so our study collected a very limited number of larger meningiomas in both groups.
Most importantly, many patients did not receive surgical treatment, so we did not collect the pathological
results of the tumor.

Conclusions
Male sex, peritumoral edema, larger size and absence of hypointensity on T2W-MRI may indicate the
potential for rapid growth of meningiomas. However, the results of different studies are quite different.
Larger prospective studies are necessary based on a uniform and widely accepted de�nition of the
growth speed of meningioma in the future.
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Figures

Figure 1

a-d, Tumors, with peritumoral edema and absence of hypointensity on T2W-MRI, signi�cantly increased
within a short term. e-h, The percentage of hypointensity on T2W-MRI. e 0%, f 0–33%, g 34–67%, h 68 –
100%.



Page 16/16

Figure 2

The follow up time of SGM (a) and RGM (b).

Figure 3

Peritumoral edema presented when tumors rapidly grow.


