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ABSTRACT

AIM: To evaluate the clinical outcomes of incidental meningiomas (IM) treated with stereotactic radiosurgery (SRS) or observation.

MATERIAL and METHODS: The PubMed, Cochrane Library and MEDLINE (Ovid) databases were comprehensively searched for
eligible studies about IM that were managed with serial imaging follow-up or SRS. We performed a systematic review and meta-
analysis of the tumor progression rate between these two groups. The SRS-related morbidity was qualitatively analyzed. To predict
potential tumor growth, the correlation between rapid tumor growth and the following factors, MRI T2 hyperintensity, initial tumor
diameter and age were also analyzed by meta-analysis.

RESULTS: Sixteen studies were included. The SRS treatment group had significantly higher tumor control than the observation
group in a mean follow-up of more than 3 years (pooled OR: 0.06, 95% CI: 0.01-0.20, p<0.0001; random effects model). Additionally,
there was an acceptable level of SRS-associated morbidity. Tumor progression was positively associated with MRI T2 hyperintensity
(pooled OR: 1.93, 95% CI: 1.30-2.87, p<0.05, fixed effects model), initial large tumor diameter (pooled OR: 3.19, 95% CI: 0.94-
5.44, p<0.05, fixed effects model) and younger age to some extent (pooled OR: -3.80, 95% ClI: -9.13-1.53, p>0.05, random effects
model). Absence of calcification was consistently shown to be a risk factor for progressive IM based on the existing literature.

CONCLUSION: SRS is a rational treatment for incidental meningioma in consideration of the higher tumor control rate and
acceptable complications compared with treatment via observation. The integration of risk factors such as absence of calcification,
MRI T2 hyperintensity and initial large tumor size may contribute to accurately predicting rapid tumor growth.

KEYWORDS: Incidental meningioma, Observation, Stereotactic Radiosurgery

ABBREVIATIONS: IM: Incidental meningioma, SRS: Stereotactic radiosurgery, FU: Follow-up, MRI: Magnetic resonance imaging,
SRT: Stereotactic radiotherapy, PFS: Progression-free survival, Cls: Confidence intervals, OR: Odds ratio, GKRS: Gamma Knife
Radiosurgery, WHO: World Health Organization, FSRT: Fractionated stereotactic radiotherapy

B INTRODUCTION

eningioma is one of the most common intracranial
Mbenign tumors, accounting for 13-26% of all primary
intracranial tumors (4,25). These tumors are usually
asymptomatic and smaller than 2 cm in diameter (29). Due

to advances in neuroimaging technology and amplified use
of brain imaging for minor head injuries and nonspecific

neurological symptoms, more incidental asymptomatic
meningiomas have been detected (7,15,23,29,34,42). A
recent investigation using magnetic resonance imaging
(MRI) showed a frequency of meningioma of 2.5% as an
incidental finding in a population-based neuroimaging study
in middle-aged and older patients (5). The treatment of
these incidental meningiomas (IMs) remains controversial
(7,20,28,34,45). These management strategies consist of
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observation, surgical resection, stereotactic radiosurgery
(SRS) and fractionated stereotactic radiotherapy (FSRT). Due
to the slow growth of most asymptomatic meningiomas, only
a small proportion of these tumors tended to have volumetric
increases or become symptomatic. The current opinion about
IM is that serial imaging follow-up (FU) is advised, and further
intervention (microsurgery or radiosurgery) is recommended
until radiological progression or symptomatic progression.
However, masses growing in meningiomas may lead to
permanent neuropathies and complicate further intervention
due to enlarged tumors and deteriorating conditions of
patients with age (9,29). Additionally, recent studies have
demonstrated that compared with the invasive procedure
(surgical resection) or observation, primary SRS provides
equivalent or even better tumor control and an acceptable
rate of toxicities for patients with small- to medium-sized IM
(10,14,20-22,25,40). In addition, faced with asymptomatic
meningioma, we do not recommend surgery immediately in
most cases (7,20,28,42), and these patients may prefer to
choose the treatment of SRS or serial imaging FU (10,22).
To illuminate whether SRS provided better clinical outcomes
than observation, we performed a meta-analysis of the
clinical outcomes of incidental imaging-diagnosed intracranial
meningioma treated with SRS or observation.

The aim of this systematic review is to evaluate the clinical
outcomes of incidental imaging-diagnosed intracranial menin-
gioma treated with SRS or observation.

B MATERIAL and METHODS
Eligibility Criteria
Type of Studies and Patients

We included experimental and observational studies, such as
case series, retrospective and prospective analyses, that were
published in English and were focused on adult patients with
incidental radiological diagnoses of intracranial meningioma.
Studies of neurofibromatosis type ll-associated and radiation-
induced meningiomas were excluded. Moreover, studies
including patients who underwent any therapy for their tumor
prior to the beginning of SRS or observation were excluded.
Additionally, studies enrolling a fewer than five patients for
each arm (SRS or observation) were excluded.

Interventions

SRS was considered the primary treatment for IM. On the
other hand, observation considered the control treatment.

Outcome Measures

The outcomes were tumor progression rate, defined as the
proportion of patients with an increase in tumor diameter or
volume at fixed time points, and progression-free survival
(PFS) rate, defined as the rate of freedom from progression or
death at fixed time points. Studies were considered eligible if
the tumor progression rate was assessed with a minimum FU
of 3 years. Tumor control was defined as the rate of patients
with stable meningioma during FU imaging.
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Search Strategy

The PubMed, Cochrane Library and MEDLINE (Ovid) databas-
es were searched for abstracts and keywords of relevant stud-
ies published in English until 26 March 2020. These key words
consisted of “meningioma,” “observation,” “natural history,”
“untreated,” “incidental,” “radiation therapy,” and “radio-
surgery”. The included studies were selected after a two-
step process. In the first step, two reviewers independently
checked the titles, abstracts and key words of the identified
papers. In the second step, two other independent reviewers
evaluated the full texts of the included studies by matching all
of the inclusion criteria.

”

Date Extraction

Two independent investigators extracted all relevant informa-
tion on study design (prospective, retrospective, single or mul-
ticenter and FU duration), patients (age, sex and number of
enrolled and analyzed patients), incidental imaging-diagnosed
meningioma characteristics (initial volume and/or diameter at
diagnosis, T2 hyperintensity, calcification) and results (tumor
progression and PFS rate). Volumetric measurements were
converted to diametric measurements using the formula:
Volume = (0.72 x maximum diameter)® (29). Disagreements
about any data extraction between the two investigators were
resolved by consulting a third reviewer.

Statistical Methods

Review Manager v. 5.2 was applied for data analysis. Studies
for quantitative analysis were evaluated using the NIH Quality
Assessment Tool for Observational Cohort and Cross-
Sectional Studies. Comparisons of binary and continuous
variables were performed with the pooled estimates of ORs
and mean difference, respectively, as well as the 95% Cls. A p
value <0.05 was considered statistically significant. Between-
study heterogeneity was evaluated using the I? statistic. If
I2>50%, it indicated statistically significant heterogeneity.
If heterogeneity was significant, the random effects model
was adopted; otherwise, the fixed effects model was used.
Sensitivity analysis was performed to evaluate the stability of
the pooled estimates by excluding specific studies.

B RESULTS
Literature Research and Study Characteristics

Initially, 1185 records were retrieved from the three databases;
21 duplicates were removed, leaving 1164 articles to review.
After screening the titles and abstracts, 38 articles were
potentially eligible. Then, after the full texts were reviewed, 7
articles were excluded, including 5 due to the full text being
unavailable and 2 for not being published in English. Moreover,
15 articles were removed because the outcome measures
of IM were not included in these studies. Finally, 16 articles
were included in the final analysis, including 4 for quantitative
analysis (20,21,35,41) and 12 for narrative analysis (2,14-
16,19,28,34,38-40,45,46). Table | shows the details of the
included studies. In addition, the detailed search processes
are listed in Figure 1.
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Meta-Analysis Results of IM Treated with SRS or
Observation

Figure 2 shows the forest plots for SRS versus observation,
and the outcome measure was the tumor progression rate. It
demonstrated that incidental imaging-diagnosed intracranial
meningiomas treated with SRS had significantly higher tumor
control than observations within FU of more than 3 years
(pooled OR: 0.06, 95% CI: 0.01-0.20, p<0.0001; random
effects model). Moreover, the difference in PFS between
gamma knife radiosurgery (GKRS) and observation was
statistically significant at 5 or 10 years (p<0.001), and patients
treated with SRS had a higher PFS rate (20,21). Additionally,

Pubmed
n=514

Cochrane library
n=598

Medline (ovid)
n=73

Remove duplicates
n=21

Records following the removal
. > Titl d
of the duplicates n=1164 > Hesan
abstracts
excluded
n=1126
Y
Titles and abstracts screened o -
> Articles excluded
n=38 .
Full-text unavali-
able n=5;
Not in English
Y language n=2

Full-text article read for eligibility
n=31

Y

Articles excluded
Without outcome

Y measures of acciden
tal meningioma n=15

Articles included in the final
analysis n=16
(Quantitative n=4; Narrative
n=12)

Figure 1: Flowchart for selection of included studies.

according to previous single-arm studies on IMs treated with
GKRS (14,40), tumor control was more than 95% at 5 or 10
years. In addition, other IMs managed with serial imaging
FU had a tumor control of approximately 56.5%, which was
obtained from the mean values of diameter (16,19,34,38),
volume (2,15), growth rate (28,46) and other unspecific (39,45)
criterion-based tumor progression.

Acceptable SRS-Related Morbidity in IM

The risk of SRS-related complications is an important issue
drawing much attention (12-14,20,21,25). The complication
rates for IM treated with SRS ranged from 8.3% to 39.1%.
Flickinger et al. demonstrated that the actuarial rate of
developing any postradiosurgical injury reaction was 8.8%
at 5 and 10 years within 219 imaging-diagnosed intracranial
meningiomas (13). A nearly identical post-SRS complication
rate, 8.3%, was shown in the study of Dibiase, and 10 patients
developed new neurological deficits among 121 intracranial
meningiomas with serial MRI analysis (12).

Recent studies have revealed that the adverse events post-
SRS are transient in most cases (14,20,21). Twenty-six
of 195 (13.3%) asymptomatic meningiomas had GKRS-
related adverse events during a median FU period of 53
months. Twenty-five of them were transient and did not have
permanent disability after treatment with steroids. However,
one patient had a serious adverse event, namely, severe brain
edema requiring surgical treatment (21). Gupta et al. found
that 21 of 117 patients (18%) experienced post-GKRS new
deficits. Eight of these patients recovered, and the other
patients showed no improvement (14). In contrast to the lower
SRS-related morbidity of the above studies, 27 of 69 (39.1%)
asymptomatic meningiomas had transient complications
after GKRS treatment in the study of Jo et al. (20). These
complications consisted of headache, scalp paresthesia,
alopecia, ocular pain, tinnitus, dizziness, cognitive dysfunction
and focal neurological deficit related to brain edema. However,
all 27 patients’ symptoms were alleviated after treatment with
corticosteroids or analgesics, and permanent neurological
deficit events did not occur. Table Il shows the details of the
above studies about SRS-associated complications.

SRS observation

Even | _Even | Weigh
Jo 2011 0 69 24 77 14.8%
Kim 2018 9 153 141 201 41.0%
Park 2006 0 12 2 9 12.5%
Seifert 2010 4 29 11 24 31.7%
Total (95% Cl) 263 311 100.0%
Total events 13 178

Heterogeneity: Tau? = 0.95; Chi2 = 7.42, df = 3 (P = 0.06); I* = 60%
Test for overall effect: Z = 4.33 (P < 0.0001)

M-H, Random, 95% CI

Odds Ratio Odds Ratio

M-H, Random, 95% Cl
0.02[0.00,026) &
0.03[0.01, 0.06] &+
0.12[0.01, 2.85] -
0.19[0.05, 0.71] —

.

0.001 01 1 10 1000
favours SRS favours observation

0.06 [0.01, 0.20]

Figure 2: The forest plot for SRS versus observation.
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Table lI: Several Studies About SRS Associated Complications in Imaging Diagnosed Meningioma

No of
_No of . patients with Specific details of Outcome of Factors related to
Study Country patients with N~ - . .
complications complications complications complications
SRS o
(%)
headache:4, worsening
hemiparesis: 2, mental .
) mental status changes:
Flickinger et status changes:2, 1 needing steroids, 1  treatment volume
9 USA IDM: 219 12 (8.8%) trigeminal nerve problems: 'ng ’
al. (13), 2003 . ) needing VP shunt (p=0.05)
3, temporary visual field
deficit:1
IDM : 85; headaches:2 developed
DiBiase et al. residual tumor o edema with headaches:9, seizures, 1 required VP,
(12), 2004 USA with prior 10 (8.3%) positional vertigo:1 1 required ST; positional NA
resection: 52 vertigo: recovered
headache:11, scalp L
asymptomatic aresthesia:6, dizziness:5 all complications
Joetal. (20), South ympto ) P Lo U7 abated after treatment
meningioma: 27 (39.1%) focal alopecia:5, tinnitus:4, . ) . NA
2011 Korea N ) with corticosteroids or
69 ocular pain:4, right side )
° analgesics
weakness: 1
Peritumoral
. headache and/or 25 were transient after edema (p=0.004),
. asymptomatic - ] . . . .
Kim et al. South meningioma: 26 (13.3%) dizziness:18, transient ~ treatment with steroids, tumor located in
(21), 2018 Korea 135 ' o neurological deficits:6, 1 required ST due to convexity, falx,
short-term alopecia: 2 severe brain edema and parasagittal
area (p=0.398)
. Cranial nerve deficits 8, Tumor located
asymptomatic . . 8 of them recovered, the . .
Gupta et al. USA  meninaioma: 21 (18%) memory loss 7, gait ataxia remainder showed no in petroclival,
(14), 2019 9 ’ ° 3, seizures 2, and UE . CPA and JF area
117 improvement
numbness 1 (p=0.3)

UE: Upper extremity, No: Number, VP: Ventriculoperitoneal, CPA: Cerebellopontine angle, JF: Jugular foramen, ST: Surgical treatment,

IDM: imaging diagnosed meningioma, NA: Not available.

Important Factors to Predict the Rapid Growth of IM

Faced with IM, it is very important to identify the independent
risk factors for rapid growth; identifying these risk factors
can contribute to making wise and reasonable treatment
decisions in the early stage of IM rather than waiting until
radiological or clinical progression (17,18,24,29,31,34,39,42).
According to previous studies, the following factors may
contribute to radiological progression of IM: absence of
calcification (15,21,28,31,34,38,39,45), MRI T2-hyperintensity
(21,28,34,38,45), younger age (16,21,28,30,39), initial large
tumor diameter or volume (2,33,34) and peritumoral edema
(34, 38). A prospective study demonstrated that the growth
rate of IM was higher in older patients than in younger patients
(2). However, the presence of calcification was the most
consistent factor predicting stable meningioma. Therefore,
we conducted a meta-analysis of MRI T2 hyperintensity (as
shown in Figure 3A) (15,24,33,34,45), age (as shown in Figure
3B) (24,28,34,39,45), and initial tumor size (as shown in Figure
30C) (19,28,34,38) to further illuminate whether these factors
could promote rapid growth of IM. According to Figure 3,

MRI T2-hyperintensity was significantly correlated with rapid
growth of IM compared with T2-iso/hypointensity (pooled OR:
1.93, 95% CI: 1.30-2.87, P=0.001, fixed effects model, Figure
3A). In addition, younger age and initial large tumor size may
be related to the progression of IM, but the overall effect was
not significant (pooled OR: 1.35, 95% CI: 0.89-2.04, P=0.16,
fixed effects model, Figure 3B; pooled OR: -3.80, 95% CI:
-9.13-1.53, P=0.16, random effects model, Figure 3C). To
further study the relationship between IM progression and
initial tumor size, we performed another meta-analysis based
on the mean = SD of tumor diameter (24,33,34,45), which was
different from the analysis based on OR in Figure 3B. This
meta-analysis showed that a large IM had a greater chance
of progression (pooled OR: 3.19, 95% CI: 0.94-5.44, P=0.005,
fixed effects model, Figure 4).

Subgroup and Sensitivity Analysis

To determine whether the pooled data of the tumor progression
of IM treated with SRS or observation were influenced by
different definitions of tumor growth, the subgroups of specific
(20,21) and unspecific (35,41) tumor progression definitions

Turk Neurosurg 31(2):151-160, 2021 | 155
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T2 hyperintensity T2 iso/hypointensity Qdds Ratio 0Odds Ratio
StudyorSubgroup  Events  Total  Events  Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Hashiba 2009 2% 3 20 34 199%  1.40[0.53,3.70] I
Lee 2017 10 30 48 198 24.4%  1.56[0.68,3.57] B
Nirro 2000 7 10 7 17 45%  3.33[0.63,17.57] ]
Oya 2011 32 55 86 24 427%  207[1.13,378] —
Yano 2006 1 20 7 23 85%  279(0.80,9.76] T
Total (95% CI) 151 486 100.0%  1.93[1.30,287] >
Total events 84 168 ) . . )
Heterogeneity: Chiz = 1.47, df = 4 (P = 0.83); 1= 0% f y ! t
o v 0.05 02 1 5 20
Testfor overall effect: 2= 3.26 (P = 0.001) favours hyperintensity - favours iso/hypointensity
large tumor  small tumor 0Odds Ratio 0Odds Ratio
Study or Sut E Total E Total Weight M-H, Fixed. 95% CI M-H, Fixed. 95% CI
Jadid 2015 702 16 44 17.9%  0.88[0.29,2.62] .
Nakamura 2003 5 14 9 27 103%  1.11[0.29,4.31] -
Oya 2011 36 66 84 207 480%  1.76[1.01,3.07] i
Romani 2018 29 107 8 29 238%  0.98[0.39,245] -
Total (95% CI) 208 307 100.0%  1.35[0.89, 2.04]
Total events 7 117 . ) ) )
Heterogeneity: Chiz = 2.02, df = 3 (P = 0.57); 2= 0% Y g ' Y Y
o N 002 0.1 1 10 50
Test for overall effect: Z = 1.40 (P = 0.16) large tumor  small tumor
progressive tumor stable tumor Mean Difference Mean Difference
_Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl 1V. Random. 95% Cl
Lee 2017 63 11 59 59 10 173 231%  4.00[0.827.18] -
Nakamura 2003 546 107 27 641 107 14 17.7% -9.50[-1641,-259] -
Oya 2011 576 14 120 628 12 153 232% -5.20[-8.34,-2.0] -
Rubin 2011 60 1 21 67 9 35 198% -7.00[-12.57,-1.43] - Figure 3: Forest plots for the
Yano 2006 63 159 25 658 159 42 16.3% -2.80[-10.67,5.07] correlation between tumor
Total (95% CI) 252 M7 1000%  -3.80[-9.13,1.53] - progression and the fcl>llowin'g risk
Heterogeneity: Tau? = 29.36; Chiz = 25.28, df = 4 (P < 0.0001); I = 84% —t —1 factors, MRI T2 hyperintensity (A),
Test for overall effect: Z = 1.40 (P = 0.16) 0 4 0 10 0 initial t diameter (B) and
i e Favours old age Favours young age initial tumor diameter (B) and age
(©).
progressive tumor stable tumor Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Totfal Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1Y
Lee 2017 403 417 59 26 326 173  3.7% 14.30[2.60, 26.00] 4
Niiro 2000 309 109 14 233 81 26 120% 7.60[1.10,14.10] -
Oya 2011 21 125 120 187 94 153 70.0% 2.30[-0.39,4.99] .
Yano 2006 24 12 25 23 12 42 143% 1.00[-4.94,6.94] "
Total (95% Cl) 218 394 100.0%  3.19[0.94, 5.44] ’

. . ] 1l l 1
Heterogeneity: Chi = 6.18, df = 3 (P = 0.10); I?=51% N ! ' '
Test for overall effect: Z = 2.78 (P = 0.005) 2 w0 o2

Favours (large size) Favours (small size)

Figure 4: Forest plot for the association between tumor progression and initial tumor diameter(Mean difference).

were further classified, and the pooled OR of the two
subgroups was 0.02 (95% CI: 0.01-0.05, P<0.0001; 1°=0%,
fixed effects model) and 0.17 (95% CI: 0.05-0.59, p<0.01;
12=0%, fixed effects model), respectively. The overall effect
was also statistically significant, and the 12 value decreased
from 60% to 0%. On the other hand, the studies of Park et
al. and Seifert et al. focused on asymptomatic petroclival

156 | Turk Neurosurg 31(2):151-160, 2021

meningioma, which may be a potential source of heterogeneity
(1’=60%, Figure 2). Quality assessment results for quantitative
analysis are summarized in Table Ill. Two studies were rated
“good”, and two were rated “fair”. To examine the consistency
of the results of the meta-analysis, sensitivity analysis was
conducted by excluding one study at a time, and we found
that the overall effects shown in Figure 2, Figure 3A and Figure
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Table llI: Results of the Quality Assessment Performed for Studies for Quantitative Analysis

Authors Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q@8 Q9 Q10 Q11 Q12 Q13 Q14 Overall score
Park et al., (35) 2006 + - NA NR NA + + + + NR - NR  + - Fair
Jo et al., (20) 2011+ + NA + NA + - + + NR + NR + - Good
Seifert (41) 2010 + + NA - NA + + + + NR - NR + - Fair
Kimetal., (21) 2018 + + NA + NA + + + + NR + NR + + Good

(+) sign: Yes, (-) sign: No, NA: Not applicable, NR: Not reported.

4 were not affected by excluding any study. Regarding the
predictive factor of age (Figure 3B), after exclusion of the study
of Lee et al., the overall effect became significant (p<0.0001),
and I? decreased from 84% to 0%.

B DISCUSSION

The systematic review mainly aimed to evaluate the
tumor control of IM treated with SRS or serial imaging FU.
Compared with observation, SRS provided a higher tumor
control rate (p<0.0001) and acceptable radiosurgery-related
complications, the majority of which could abate with or
without steroid treatment. Additionally, in the absence of
calcification, MRI T2 hyperintensity significantly predicted
the rapid growth of IM. Younger age and initial large tumor
size were also associated with the progression of IM to some
extent.

It was reported that the incidence of asymptomatic IM was
approximately 2% to 3% (43). Due to the rapid development
of imaging technology and more neurological check-ups for
minor head injuries and nonspecific neurological symptoms,
an increasing number of IMs have been detected. The current
treatment of IM is still controversial (2,14,20,34,40). Serial
imaging FU may be the first choice for some cases of IM at
diagnosis. Further treatment, such as SRS or microsurgery,
should be considered if IM shows documented tumor growth
or symptomatic progression. However, there were some
patients with low compliance or who were lost to FU at a fixed
time in clinical practice (2,14). IM could not draw the patients’
attention until tumor progression. At that time, permanent
neuropathies could occur, and further intervention would
become complicated due to enlarged tumors and deteriorating
conditions of patients with age. Additionally, compared with
invasive procedure-microsurgery, SRS can be recommended
as the primary treatment for IM with minimal invasiveness and
lower morbidity (36,37). The efficacy of SRS treatment on IM
has been well established in recent years (14,20,21,40), and
this meta-analysis confirmed the high tumor control of SRS.
Additionally, according to a previous single-arm study about
IM treated with observation or SRS (shown in Table I), the
average tumor control of IM with serial imaging FU was 56.5%,
which was lower than that of IM treated with SRS (more than
95%) from the study of Salvetti et al. and Gupta et al.

Obviously, there were some complications related to radio-
surgery treatment, such as headache, alopecia, tinnitus, diz-
ziness, scalp paresthesia, ocular pain, cognitive dysfunction

and focal neurological deficit related to brain edema. These
adverse events were more likely to occur in IM with a large
size or close location to important organs (25). Additionally, the
rate of SRS-associated complications was lower in previous
studies (3,12-14,21,25) compared with microsurgery-related
adverse events (37). Notably, Jo et al. revealed that GKRS-re-
lated complications occurred in 39.1% of patients, but there
were no permanent deficits, and only 3 patients (4.8 %) required
treatment with steroids for more than 2 weeks. According to
a study by Kim et al., 13.3% of IM patients had GKRS-re-
lated adverse events. Only one patient had severe brain
edema requiring surgical treatment. Therefore, the majority of
SRS-related complications could abate with or without steroid
treatment, and their morbidity was acceptable. Additionally,
Chang et al. found that radiological adverse events occurred
in 25% of GKRS-treated benign meningiomas, which were
more likely to be located in the convexity, parasagittal region
and falx cerebri rather than the skull base (8). In contrast, Kim
et al. reported that the occurrence of adverse events was sig-
nificantly related to the presence of peritumoral edema prior
to GKRS (p=0.004) and not associated with tumor location in
convexity, parasagittal and falx areas (21). Moreover, Gupta et
al. demonstrated that new neurological deficits may be more
likely to occur in the petroclival, cerebellopontine angle and
jugular foramen area than in the convexity, parasagittal and
falx areas, although the differences are not significant (14).
The difference between the above three findings may be due
to the smaller initial tumor size in the study of Gupta and Kim
because there was a significant correlation between increas-
ing tumor size and SRS-related toxicity according to the study
of Bloch et al. (3). Recently, FSRT has been proven to be an
effective treatment for intracranial meningioma with a large
diameter or close distance to the critical structure (11,25-
27,32). Compared with conventional radiotherapy, FSRT deliv-
ered more localized irradiation with a steeper dose gradient
between the tumor and adjacent normal tissue, reducing the
risk of radiation-induced complications. Fractionated tech-
niques took additional advantage of the biological benefit of
fractionation with regard to tumor control and toxicity (32). In
summary, FSRT combined precision with the radiobiological
advantages of fractionation with a dose per fraction below
radiation tolerance levels of normal brain structures and criti-
cal organs (11). Manabe et al. recommended that SRS might
be indicated for small tumors that are less than 11 ml (2.56
cm in diameter) and not close to critical organs (optic nerve,
chiasma or brain stem). For large tumors (>13.5 ml, 3.0 cm
in diameter) or small tumors close to vital organs, normof-

Turk Neurosurg 31(2):151-160, 2021 | 157



Zhang C. and Zhang H: Incidental Meningiomas

ractionated stereotactic radiotherapy (1.8-2 Gy per fraction)
might be considered (25). Therefore, if IM patients are able
to tolerate minor radiosurgery-associated complications, SRS
can be considered the primary treatment. Last but not least,
we clinicians should evaluate the probability of adverse events
and take the following factors, tumor location, the distance to
critical structure, initial tumor size and peritumoral edema, into
consideration before SRS treatment (Table l).

In a valuable review study, Sughrue et al. demonstrated that
51% of untreated meningiomas <2.5 cm showed no growth
over a median FU of 4.6 years (42). However, not all radio-
logically diagnosed IMs were histologically proven to be be-
nign meningiomas. Five percent of the imaging-diagnosed
IM turned out to be anaplastic (WHO grade 2) or malignant
(WHO grade 3) in the study of Wiemels et al. (44). A prospec-
tive study of Behbahani revealed that 3% of IMs were histo-
logically diagnosed as atypical (2). Moreover, Flickinger et al.
reported that the actuarial rate of a diagnosis other than me-
ningioma was 2.3% in cases of imaging-diagnosed intracrani-
al meningioma (13). Additionally, several studies revealed that
nearly 20%-25% of IM showed exponential growth (2,24,31).
Therefore, accurately predicting the growth potential of IM is
paramount for timely intervention and reasonable manage-
ment. Several clinicoradiological parameters have been sug-
gested as risk factors for tumor growth, including the absence
of calcification (15,21,28,31,34,38,39,45), MRI T2 hyperin-
tensity (21,28,34,38,45), initial large tumor size (2,33,34) and
peritumoral edema (34,38). The presence of calcification was
the most consistent factor predicting no growth of IM. In addi-
tion, our study confirmed that MRI T2 hyperintensity and initial
large tumor diameter (mean = SD) were also significantly as-
sociated with the progression of IM (p<0.05). Nevertheless, it
is unclear whether younger age (16,21,28,30,39) or older age
(2,24) contributes to tumor growth. The present study showed
that younger age was more likely to promote the rapid growth
of IM (p=0.16, Figure 3B), although the difference was not sig-
nificant. Recently, to quantify the risk of rapid tumor growth,
Lee et al. developed a weighted scoring system based on
clinicoradiological factors (initial tumor diameter, calcification,
peritumoral edema and signal on T2-weighted MRI) to esti-
mate the probability of tumor progression (24). Tumor size was
divided into 3 groups of < 2.5 cm, =2.5 to < 4.0 cm, and >4.0
cm in diameter and awarded a score of 0, 3, and 6, respective-
ly. The presence or absence of calcification and peritumoral
edema were given a score of 0 or 2 and 1 or 0, respectively.
Hypointensity and hyperintensity/isointensity on T2-weighted
MRI were given a score of 0 or 2, respectively. This scoring
system integrated the relative weights of these risk factors
and contributed to accurately predicting the overall risk of
rapid tumor growth. Moreover, two studies have recently vali-
dated the good predictive value of this scoring system for the
rapid growth of IM (1,6).

Limitations of Study

Although this study has demonstrated the more favorable
results of SRS treatment on IM patients compared with
observation, some limitations should be noted. First, four of
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the included studies selected for quantitative analysis, as
shown in Figure 2, were retrospective studies. The results of
these studies were subject to the selection bias of clinicians
to some extent. The mean FU period was not mentioned in
the study of Seifert (41), despite the range of FU being 4-242
months. Second, the definition of rapid tumor growth was not
unified. Kim et al. and Jo et al. defined tumor progression by
more than 30% or exceeding a 25% increase in tumor volume,
respectively. Moreover, the studies of Seifert and Park et al.
did not mention the criterion. Last but not least, there were
only four studies consisting of SRS and observation treatment
simultaneously, and the other 12 were single-arm studies.
Despite the limitations of the present study, the findings
indicate that SRS changes the natural course and lowers
the risk of IM progression. There is an urgent need for more
prospective random controlled trials for IM treated with SRS
or observation.

B CONCLUSION

SRS s areasonable treatment strategy for IM in terms of higher
tumor control and PFS rate compared with treatment with
serial imaging FU. Some IM patients with potential rapid tumor
growth benefit from early intervention with SRS. In addition,
the morbidity of minimally invasive SRS is acceptable or even
lower than that of observation or microsurgery. The absence
of calcification, MRI T2 hyperintensity and initial large tumor
diameter significantly contribute to the rapid growth of IM.
Younger age is associated with the progression of IM, although
the overall effect is not significant. Finally, by integrating the
risk factors, proactive SRS may be a rational treatment for IM
patients, especially for those with rapid growth.
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