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Background: WHO grade | meningiomas usually have an indolent course, while high-grade (grades Il to 111) tumors are
associated with a more aggressive natural course.

Objective: To investigate clinical predictors of WHO grade, subtype, and atypical features of meningiomas.

Material and Method: Correlations between clinical variables and WHO grades, meningioma subtypes, atypical features of
tumor, brain invasion, degree of connective tissue content, and microscopic calcification were analyzed.

Results: Of 233 meningiomas, 196 (84.1%) and 37 (15.9%) were WHO grade | and Il, respectively. There were no WHO
grade Il tumors in the present study. Factors associated with a possibility of WHO grade Il meningioma included younger
age (p = 0.025), larger tumor size (p = 0.005), peritumoral brain edema (p = 0.001), and isosignal intensity of tumor on
T2WI (p =0.011) and FLAIR image (p<0.001). Hyposignal and hypersignal tumors on T2WI were correlated with transitional
and meningothelial subtypes, respectively (p = 0.001). Meningiomas with soft consistency were likely to be fibrous subtype
and associated with a low level of connective tissue. Radiographic predictors of atypical histopathologic features were
presence of cystic component, peritumoral edema, bony erosion and absence of CFS cleft between tumor and brain, and
homogeneous enhancement of tumor on T1WI. Tumor isosignal intensity on T2WI and FLAIR images could forecast the
appearance of atypical features and brain invasion in histopathology. Small size, spinal location, and hyposignal intensity of
tumors on T2WI were correlated with dense microscopic calcification.

Conclusion: Various clinical factors can be used to predict high-grade meningioma, tumor subtype, and microscopic atypical

features - all of which are useful in tumor management.
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Meningioma is the most common benign
primary tumor of the central nervous system®. Tumors
can be categorized histopathologically into World
Health Organization (WHO) grades I, 11, or 111@, Of
these, WHO grade | meningiomas are benign and most
commonly found. Meningioma can be treated with
surgery, external beam radiation, or a combination of
these two treatments®. Meningiomas with WHO grade
Il or Il histology are regarded as high-grade
meningiomas which have a higher risk of recurrence
following treatment and are associated with lower
overall survival®®. Pathological criteria for diagnosing
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high-grade meningioma are histological appearances
and atypical features, including small cell formation,
hypercellularity, sheet-like growth, necrosis, prominent
nucleoli and mitosis, and brain invasion®. Anumber of
meningiomas are classified as WHO grade I, but they
have some components of atypical features that do
not fulfil the criteria of high-grade meningioma.

This study set forth to investigate the clinical
factors that correlate with atypical histopathological
features of meningioma. These predictors may be
helpful in the pre-operative or intra-operative
recognition of high-grade tumors, facilitating their
exclusion from wait-and-see therapy or radiation
treatment alone.

Material and Method

Study design
Cross-sectional study.
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Population

All patients with intracranial or spinal
meningiomas who underwent tumor resection at our
institute from January 2007 to December 2011 were
enrolled. All recruited cases had meningiomas
originating from the virgin sites that had never been
operated upon or treated by radiation. Clinical,
neuroimaging, and intra-operative data were collected
and analyzed. In all cases, histologic sections were
reviewed by a neuropathologist (PC). Tumors were
graded according to WHO classification. The protocol
for this study was approved by Siriraj Institutional
Review Board (SIRB), Faculty of Medicine Siriraj
Hospital, Mahidol University, Thailand.

Data collection

Collected data comprised gender, age, duration
of neurologic symptoms before surgery, tumor location,
tumor characteristics on neuroimaging studies, and
intraoperative tumor consistency. Clinical data were
obtained from outpatient and inpatient records.
Features on neuroimaging studies included tumor
calcification on non-contrast enhanced computerized
tomography (NCECT), tumor size, evidence of
vasogenic brain edema, cystic component within the
tumor, hyperostosis or bony erosion of the tumor base,
en plaque appearance, cerebrospinal fluid (CSF) cleft
between the tumor and brain, and signal intensity of
meningioma on T1-weighted imaging (T1WI), T2-
weighted imaging (T2WI), and fluid-attenuated
inversion recovery (FLAIR) imaging. Tumor signal
intensity on MRI sequences was stratified into
hypersignal, isosignal, and hyposignal intensities,
when compared to that of neural gray matter. We also
studied pattern of tumor enhancement (homogeneous
or heterogeneous) on contrast-enhanced computerized

tomography (CECT) and T1WI after injection of contrast
media.

Intra-operative tumor consistency was
obtained by operating neurosurgeons that used the
grading system developed and reported in our previous
study® (Table 1). Tumor grades and subtypes were
classified using WHO criteria for classification of
meningioma®. In cases that atypical features including
small cell formation, hypercellularity, necrosis,
prominent nucleoli, mitosis, and brain invasion were
present (Fig. 1), each criteria was recorded. Degree of
connective tissue content and calcification within the
tumors were evaluated. Degree of connective tissue
content was graded according to percentage of overall
tumor section area as follows: low (<30%), moderate
(30 to 60%), and high (>60%) (Fig. 2A-C). Degree of
calcification was classified according to the 3 following
levels: no calcification, low calcification (presence of
calcification <50% of overall area), and high
calcification (presence of calcification >50% of overall
area) (Fig. 2D-F). Some data were unavailable in a
number of cases; as such, the number of cases (n) for
each individual parameter varied.

Statistical analysis

The data set was analyzed using the Statistical
Package for the Social Sciences (SPSS) version 17.0
(SPSS, Inc., Chicago, IL, USA). One-way ANOVAwas
used to compare age and tumor size between groups.
Pearson’s Chi-square test and Fisher’s exact test were
used to investigate correlations between variables and
pathological features. Data are presented as number or
mean + SD. Strength of association was evaluated and
presented as odds ratio (OR) and 95% confidence
interval (95% CI). The statistically significant level was
defined as p<0.05.

Table 1. Classification of intraoperative meningioma consistency based on effectiveness of tumor resection performed
using conventional neurosurgical tools and methods®

Grade Consistency Description

| Soft
tumor volume
1l Intermediate

Meningioma can be removed using suction cannula for more than 80% of resected

Meningioma can be removed using suction cannula for less than 80% of resected tumor

volume OR Meningioma can be removed using ultrasonic aspirator for more than 80%
of resected tumor volume

11 Hard

Meningioma cannot be removed using suction cannula OR Meningioma can be

removed using ultrasonic aspirator for less than 80% of resected tumor volume OR
Sharp surgical instrument, such as scalpel, surgical scissors, or loop monopolar electrocau
tery, is required for tumor resection
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Fig. 1  Histologic features of atypical meningioma; (A) tumor showing increased cellularity and small cell formation with
high nucleus/cytoplasm ratio (center); (B) spontaneous micronecrosis (asterisk); (C) prominent round nucleoli in
numerous tumor cells; (D) brain invasion as tongue-like projection of tumor cells into brain parenchyma without
intervening leptomeninge (hematoxylin and eosin stain, x100).

Fig. 2  Degree of connective tissue content (A-C) and calcification (D-F) of meningiomas; (A) low connective tissue
content (<30% of HPF); (B) moderate connective tissue content (30 to 60% of HPF); (C) high connective tissue
content (>60% of HPF); (D) no calcification; (E) low calcification (presence of calcification <50% of HPF); (F)
high calcification (presence of calcification >50% of HPF).
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Results
Demographic characteristics

Two hundred and twenty-three meningiomas
were enrolled into the study. There were 199 (85.4%)
females and 34 (14.6%) males, with a mean age of
50.7+12.8 years (range: 12-85). The most common
location was sphenoid ridge (32 cases, 13.7%), followed
by cerebral convexity (28 cases, 12%) and anterior
clinoid process (27 cases, 11.6%) (Table 2). Mean tumor
size was 4.3+1.8 cm (range: 0.8-10).

For histopathology, WHO grade | and 11
meningiomas were 196 (84.1%) and 37 (15.9%),
respectively (Table 3). No WHO grade Il meningiomas
were identified in this study. The most common
pathological subtype was meningothelial meningioma.
Tumors that did not completely satisfy WHO grade |1
meningioma criteria were diagnosed as WHO grade |
meningioma. Atypical features were found in both
WHO grade | and Il meningiomas. Cases with atypical
features who met the diagnostic criteria of atypical
meningioma were diagnosed as atypical meningioma.
Meningiomas showing brain invasion were classified
as WHO grade Il meningioma, brain-invasive
subtype®. From 233 studied cases, atypical features
were identified, as follows: small cell formation (43
cases, 18.5%), hypercellularity (45 cases, 19.3%),
necrosis (31 cases, 13.3%), prominent nucleoli (11 cases,
4.7%), mitosis >4 per HPF (2 cases, 0.9%), and no cases
with sheet-like growth pattern. Brain invasive pattern
was found in 19 (8.2%) of total cases, accounting for
51.4% of WHO grade Il tumors.

From the correlation analysis between
collected parameters and WHO grades and meningioma
subtypes, we made the following observations (Table
4y

Mean age of WHO grade Il group (46.4 years)
was significantly younger than that of patients with
WHO grade | tumors (51.5 years) (p =0.025).

Mean tumor size of WHO grade Il tumors
(5.1+1.5 cm) was significantly larger than that of WHO
grade I meningiomas (4.1+1.8 cm) (p =0.005).

Tumors with peritumoral vasogenic edema
were 5.8 times more likely to be WHO grade 11
meningiomas than tumors without vasogenic edema
(95% CI: 1.95-17.51; p=0.001).

Tumors showing isosignal intensity on T2WI
and FLAIR imaging were more likely to be grade Il than
I (p =0.011), whereas hypersignal meningiomas on both
MRI sequences were more likely to be grade I than 11
(p<0.001).
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Table 2. Tumor location

Tumor location Number (%)
Supratentorial 166 (71.2)
Sphenoid ridge 32 (13.7)
Cerebral convexity 28 (12)
Tuberculum sellae 27 (11.6)
Cavernous sinus 16 (6.9)
Anterior clinoid process 14 (6)
Olfactory groove 14 (6)
Falx cerebri 73)
Parasagittal region 73)
Planum sphenoidale 703)
Intraventricular 73)
Optic nerve sheath 5(2.1)
Posterior clinoid process 2(0.9)
Infratentorial 55 (23.6)
Cerebellopontine angle 16 (6.9)
Petroclival region 10 (4.3)
Tentorium cerebella 9(3.9)
Foramen magnum 8 (3.4)
Petrous bone 73)
Clivus 3(1.3)
Jugular foramen 2(0.9)
Spinal 12 (5.2)
Thoracic spine 8 (3.4)
Cervical spine 3(1.3)
Lumbar spine 1(0.4)
Table 3. Tumor histopathology
Histopathology Number (%)
WHO grade | 196 (84.1)
Meningothelial 119 (51.1)
Fibrous 22 (9.4)
Transitional 22 (9.4)
Psammomatous 8 (3.4)
Angiomatous 73)
Secretory 73)
Metaplastic 73)
Lymphoplasmacyte-rich 4(1.7)
WHO grade Il 37 (15.9)
Brain-invasive 17 (7.3)
Atypical 14 (6)
Chordoid 3(1.3)
Clearcell 3(1.3)

Mean size of transitional meningiomas (3.2
cm) was significantly smaller than that of meningothelial
(4.4 cm) and other (4.5 cm) subtypes (p = 0.033).

Meningiomas with hyposignal intensity on
T2WI were more likely to be transitional and subtypes
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other than meningothelial subtype. In contrast,
hypersignal tumors on T2WI were more likely to be
meningothelial subtype than other subtypes (p =0.010).
Tumors with grade | consistency were
significantly correlated with fibrous meningioma, rather
than other subtypes. Grade Il consistency meningiomas
were more likely to be meningothelial, transitional, or
subtypes other than fibrous variance (p = 0.005).

Regarding relationships between atypical
features of meningioma and collected variables, the
following associations were observed (Table 5):

Larger tumors were correlated with presence
of small cell formation (p<0.001), necrosis (p =0.002),
and prominent nucleoli (p = 0.006).

Meningiomas with cystic component on
neuroimaging were likely to exhibit small cell formation
(p=0.004), necrosis (p =0.031), and prominent nucleoli
(p=0.005).

Tumors having peritumoral vasogenic edema
were significantly associated with small cell formation
(p =0.044) and hypercellularity (p = 0.003).

Small cell formation and necrosis were
correlated with tumors eliciting radiographic bony
destruction (p = 0.049 and p = 0.049, respectively).

Meningiomas without necrosis were
significantly correlated with tumors showing CSF cleft
between tumor and brain on neuroimaging (p = 0.023).

Isosignal tumors in FLAIR imaging were
likely to display small cell formation, necrosis, and
hypercellularity, whereas hypersignal tumors were likely
to be absent of those features (p =0.021, p=0.043, and
p<0.001, respectively).

Isosignal tumors were likely to have
hypercellularity on T2WI imaging, while hypersignal
tumors were likely to have no hypercellularity (p =
0.005).

Tumors presenting homogeneous enhance-
ment on TIWI imaging were likely to have small cell
formation and hypercellularity. In contrast,
meningiomas with heterogeneous enhancement were
likely to be absent of both features (p<0.001 and
p<0.001, respectively).

Regarding brain invasion, degree of
connective tissue content, and calcification, we
observed the following (Table 6):

Isosignal tumors on T2WI imaging were
significantly likely to have brain invasion (p = 0.043).
In addition, meningiomas showing isosignal intensity
on FLAIR imaging were significantly correlated with

J Med Assoc Thai Vol. 100 Suppl. 3 2017

brain invasion, whereas hypersignal intensity tumors
were likely to have no brain invasion (p = 0.017).

Hyposignal tumors on FLAIR imaging were
correlated with higher connective tissue content (p =
0.004).

Meningiomas with consistency grade | were
more likely to have a low degree of connective tissue
content (p=0.027).

Mean age of patients with tumors absent
microscopic calcification tended to be younger than
patients with tumors showing microscopic calcification
(p=0.004).

Mean size of tumors without calcification in
histopathology (4.5 cm) was significantly larger than
that of tumors with high calcification (2.6 cm) (p = 0.046).

Meningiomas involving the spine were likely
to have a high degree of calcification (p<0.001).

Presence of tumor calcification on
neuroimaging was correlated with presence of
calcification in histopathology (p = 0.008).

Hyposignal tumors on T2WI imaging were
correlated with high degree of calcification in
histopathology. Hypersignal tumors, in contrast, were
likely to have either no calcification or low degree of
calcification (p<0.001).

Isosignal tumors on FLAIR imaging were
correlated with low degree of microscopic calcification,
whereas hypersignal tumors were likely to have no
calcification (p<0.010).

Discussion

Meningioma is a common neoplasm that
develops in the neuraxis. Management of this tumor
varies and is dependent upon several factors. WHO
grade | tumors usually have a stable size or grow
gradually over several years, whereas WHO grade Il
and 111 meningiomas have a higher risk of rapid growth.
Differentiation between WHO grade | and high-grade
meningiomas is useful for decision making in the
management of these tumors. WHO grade |
meningiomas found incidentally or with small-size can
be treated by wait-and-see therapy or external beam
radiation, but tumors with high-grade properties should
be treated more aggressively.

Demographic characteristics

Meningiomas are 2 to 4 times more common
in females than in males®. In our study, female to male
tumor ratio was up to more than 5:1. WHO grades |1
and 11 are found in 21 to 37.8% of cases®*Y. Zhou et
al reported a proportion of WHO grade 11 meningioma
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of 21.3%®. In the present study, we found WHO
grade 1l meningioma in 15.9% of patients. This
proportion is slightly less than any grade 11 proportion
ever reported.

Prediction of WHO grades of meningioma

Previous studies showed that male, younger
age, larger tumor size, irregular shape, lateral and non-
skull base locations, and peritumoral vasogenic edema
correlated with high-grade (WHO grades Il to 11)
meningioma®!21%), Because our series had no cases
with WHO grade 111, we conclude that younger age,
larger tumor size, peritumoral vasogenic edema, and
tumors demonstrating isosignal intensity on T2WI and
FLAIR imaging can be used to predict a possibility of
WHO grade Il meningioma.

Prediction of histopathologic subtypes of menin-
gioma

In the present study, hyposignal tumors on
T2WI imaging were likely to be transitional subtype,
whereas meningothelial meningiomas were associated
with hypersignal intensity. These correlations were
identical to those of previous studies®1", In studies
conducted prior to the implementation of WHO 2007
classification of central nervous system tumors,
some studies found tumors exhibiting hard consistency
to be directly correlated with fibroblastic subtype&9.
In addition to focusing on tumor component, we also
focused on connective tissue component. To our
knowledge, no previous studies have investigated
correlation between tumor consistency and amount of
connective tissue. From our findings, tumors with soft
consistency were likely to be fibrous subtype, whereas
firmer tumors were likely to be meningothelial,
transitional, or other variations. Moreover, soft
consistency tumors were likely to have a lower amount
of connective tissue component. Subgroup analysis
showed that meningioma subtypes and amount of
connective tissue were not confounding factors. We,
therefore, believe that meningioma consistency is
constituted from both components. Furthermore, our
study showed that hyposignal meningiomas on FLAIR
imaging contained a higher amount of connective tissue
component. This finding, according to our review of
previous studies, has not been mentioned in any
previous reports.

Prediction of atypical features and meningioma with

brain invasion
Based on our review of the literature, no prior
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study has investigated direct correlation between
clinical parameters and atypical features of meningioma,
which are the criteria for diagnosis of high-grade
meningioma. From our findings, we can conclude that
presence of cystic component, peritumoral vasogenic
edema, bony erosion on neuroimaging, isosignal
intensity of tumor on T2WI and FLAIR imaging, and
homogeneous enhancement of tumor on T1IWI can be
used as predictors of an individual atypical feature.
We also found that absence of CFS cleft between
the tumor and brain can reliably predict necrosis. Brain
invasion is a unique criterion for diagnosing WHO
grade 1l meningioma. Importantly, we found that
isosignal intensity tumor on T2WI and FLAIR imaging
can also predict this feature.

Predictors correlating with microscopic calcification

Calcification visualized on neuroimaging was
found to be directly concordant with microscopic
calcification. Hyposignal tumors on T2WI imaging
had more microscopic calcification. On the contrary,
meningiomas with hypersignal intensity on T2WI and
FLAIR imaging had less calcification in histopathology.
Meningiomas situated in the supratentorial and spinal
regions tended to have microscopic calcification. Based
on our review of the literature, this is the first study to
report this finding.

Conclusion

Younger age, peritumoral brain edema, and
isosignal intensity tumors on T2W and FLAIR imaging
can be utilized for predicting the possibility of
WHO grade Il meningioma. Existence of cystic
component, peritumoral brain edema, and bony erosion
in pre-operative neuroimaging can be independently
used to forecast occurrence of some atypical
histopathological features. Meningiomas showing
hyposignal intensity on T2WI tend to be transitional
subtype, whereas hypersignal tumors portend
meningothelial variance. Intra-operative soft
consistency can be used to predict the possibility of
fibrous subtype, and is associated with a low level of
connective tissue in histopathology.

What is already known from this topic?

Several factors, including male, younger age,
larger tumor size, irregular shape, lateral and non-skull
base locations, and peritumoral vasogenic edema, are
associated with high-grade (WHO grades Il to 1)
meningiomas. Meningiomas with hard consistency
tend to be fibroblastic subtype. To date, no previous
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study has investigated correlation between tumor
consistency and amount of connective tissue,
correlation between clinical parameters and atypical
histopathological features, and predictors of
microscopic calcification.

What this study adds?

Factors correlated with a possibility of WHO
grade Il meningioma are young age, larger tumor size,
peritumoral edema and isosignal intensity of tumor on
T2WI and FLAIR image. Hyposignal tumors on T2WI
are associated with transitional meningioma, whereas
hypersignal tumors on T2WI are correlated with
meningothelial subtypes. Meningiomas with soft
consistency tend to be fibrous subtype and tend to
contain a low level of connective tissue. Radiographic
predictors of atypical histopathologic features are
presence of cystic component, peritumoral edema, bony
erosion and absence of CFS cleft between tumor and
brain, and homogeneous enhancement of tumor on
T1WI. Radiographic predictors of atypical features
include presence of cystic component, peritumoral
edema, bony erosion and absence of CFS cleft between
tumor and brain, and homogeneous enhancement of
tumor on T1IWI. Tumor isosignal intensity on T2WI
and FLAIR image can predict appearance of atypical
features and brain invasion in histopathology. Small
size, spinal location, and hyposignal intensity of tumors
on T2WI were correlated with dense microscopic
calcification.
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