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Objective : Intracranial atypical meningiomas have a poor prognosis and high rates of recurrence. Moreover, up to one-third of the
recurrences undergo high-grade transformation into malignant meningiomas. We aimed to investigate the clinical factors that can
predict the propensity of malignant transformation from atypical to anaplastic meningiomas.

Methods : Between 2001 and 2018, all patients with atypical meningioma, in whom the tumors had undergone malignant
transformation to anaplastic meningioma, were included. The patients’ medical records documenting the diagnosis of atypical
meningioma prior to malignant transformation were reviewed to identify the predictors of transformation. The control group
comprised 56 patients with atypical meningiomas who were first diagnosed between January 2017 and December 2018 and had no
malignant transformation.

Results : Nine patients in whom the atypical meningiomas underwent malignant transformation were included. The median
time interval from diagnosis of atypical meningioma to malignant transformation was 19 months (range, 7-78). The study group
showed a significant difference in heterogeneous enhancement (77.8% vs. 33.9%), bone invasion (55.6% vs. 12.5%), mitotic index
(MI; 14.8+4.9 vs. 3.5+3.9), and Ki-67 index (20.7+13.9 vs. 9.5+7.1) compared with the control group. In multivariate analysis, increased
MI (odds ratio, 1.436; 95% confidence interval, 1.127-1.900; p=0.004) was the only significant factor for predicting malignant
transformation.

Conclusion : An increased MI within atypical meningiomas might be used as a predictor of malignant transformation. Tumors
at high risk for malignant transformation might require more attentive surveillance and management than other atypical
meningiomas.
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INTRODUCTION Organization (WHO) grade I'. In contrast, atypical (WHO
grade II) or anaplastic meningiomas (WHO grade III) have a

Intracranial meningiomas are generally slow-growing, be- significantly poor prognosis, with a high rate of recurrence™’.
nign tumor, most of which are considered as World Health Previous reports have documented the recurrence rate of

* Received : May 10,2021 Revised : July 10,2021 e Accepted : August 23, 2021

* Address for reprints : Jeong Hoon Kim
Department of Neurological Surgery, Asan Medical Center, University of Ulsan College of Medicine, 88 Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea
Tel : +82-2-3010-3559, Fax : +82-2-476-6738, E-mail : jhkimi@amc.seoul.kr, ORCID : https://orcid.org/0000-0001-7385-2368

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2022 The Korean Neurosurgical Society 297


http://crossmark.crossref.org/dialog/?doi=10.3340/jkns.2021.0114&domain=pdf&date_stamp=2022-03-01

J Korean Neurosurg Soc 65 | March 2022

grade II atypical meningioma to be approximately 23-52%,

22,34,49

after surgical resection . Moreover, up to one-third of

these recurrent tumors undergo high-grade transformation
into anaplastic meningiomas”***.

The risk factors for recurrence of atypical meningiomas af-
ter surgical resection have been well established in previously

2304899 However, the clinical factors that

published literature
can predict the transformation of atypical meningiomas into
anaplastic meningiomas are not well defined. Among the ana-
plastic meningiomas, which account for >85% of malignant
meningiomas, 51-70% comprise tumors undergoing malig-

26,32,39,41) S 1
. d1nce anaplas-

nant transformation from lower grades
tic meningiomas, especially transformed anaplastic meningio-
mas, are associated with more destructive behavior, shorter
recurrence intervals, and systemic metastasis compared with
atypical meningiomas, predicting the probability of malig-
nant transformation from lower grades is vital for patient
management. In this study, we present cases of atypical me-
ningiomas that have undergone malignant transformation
and investigate the clinical factors that can predict the pro-

pensity for malignant transformation.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Asan Medical Center (AMC IRB 2018-1491). The need for
informed consent was waived due to the retrospective nature
of the study.

Patient selection

We retrospectively reviewed 308 consecutive patients diag-
nosed with atypical meningioma at our hospital between 2001
and 2018. Of these, atypical meningiomas in 11 patients were
histopathologically confirmed to have progressed to the ana-
plastic subtype. The exclusion criteria were as follows : (1) a
diagnosis of anaplastic meningioma after resection of atypical
meningioma at other locations and (2) a diagnosis of neurofi-
bromatosis type 2. Of the 11 patients with malignant transfor-
mation, two were excluded by exclusion criterion (1). Addi-
tionally, three patients who were diagnosed with anaplastic
meningioma at our hospital following surgery for atypical
meningioma at a different institute were also excluded from

the study. Medical records of all included patients document-
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ing the diagnosis of atypical meningioma prior to malignant
transformation were retrieved. When the patient was diag-
nosed with anaplastic meningioma during the third surgery
after undergoing two operations for atypical meningiomas,
the clinical data of the second surgery were reviewed.

The control group comprised 56 patients with atypical me-
ningiomas, who were first diagnosed between January 2017
and December 2018 using the 2016 revised WHO criteria. The
mean follow-up period was 27.3%8.1 months, and none of the
tumors in these patients had undergone a malignant transfor-

mation.

Radiological and pathological characteristics

The definitions of radiological and pathological findings
were identical to those in our previous study”’. Preoperative
computed tomography scans and magnetic resonance imag-
ing (MRI) with contrast enhancement were performed in all
patients. Tumors were categorized into convexity, falcine,
parasagittal, intraventricular, and skull base according to their
location. The signal intensity was classified as hypo-/iso-/hy-
perintense relative to that of the brain cortex. The degree of
peritumoral edema was determined from preoperative axial
T2-weighted images and classified as mild (smaller than half
of the tumor), moderate (greater than half but smaller than
the tumor), or severe (greater than the tumor). The shape of
the tumor was classified as round or irregular depending on
the presence of lobulations at the brain-tumor interface. Bone
invasion was defined only when osteolytic lesions were present.

The extent of tumor resection based on the Simpson grade
was determined by reviewing the operative note and the
3-month follow-up MRI scans*”. Simpson grade 1, 2, or 3 was
designated as gross total resection'"'”

The resected specimens of all patients and controls were re-
viewed histologically and classified according to the 2016 re-
vised WHO classification’”. The diagnosis of atypical menin-
gioma was established if it showed one or more of the
following characteristics : (1) mitotic count between 4 and 19
per 10 high-power fields (HPF); (2) at least three of the follow-
ing five histological features : hypercellularity, small-cell
change, macronucleoli, sheeting (patternless growth), and
spontaneous necrosis; and (3) brain invasion’”. Anaplastic
meningioma was diagnosed when one of the following was
observed : (1) 20 or more mitosis per 10 HPF and (2) evident

anaplastic cytology™. The slide review was conducted by neu-



ropathologists who were blinded to patient information and

clinical outcomes.

Postoperative management

After the diagnosis of atypical meningioma, postoperative
MRI studies were obtained at 1 month, 3 months, and then
every 6 months thereafter'. More frequent follow-up studies
were conducted when the patients required more attention. If
postoperative radiotherapy was required, it was performed 1
month after the surgery or when recurrence was suspected
during the follow-up. The median dose of radiotherapy was
60 Gy"”.

Statistics

All statistical analyses were performed using R (version
3.3.3; http://www.r-project.org/) and SPSS (version 18.0; SPSS,
Chicago, IL, USA). Data are reported as meanststandard de-
viations or as percentages. Logistic regression analysis was used
to investigate the predictors of malignant transformation. Vari-
ables were applied to the multivariate analysis when they exhib-
ited a p-value <0.1 in the univariate analysis. Associations of
each variable were demonstrated with the odds ratio (OR) and
a 95% confidence interval (CI). Statistical significance was set
at p<0.05. Additionally, to estimate a diagnostically optimal
cut-off level for the prediction of transformation, the sensitivity
and specificity of the mitotic index (MI) at various levels were
calculated, and a receiver operating characteristic (ROC) analy-

sis was performed.

RESULTS

Patient characteristics

The demographic and clinical characteristics of the study
group with malignant transformation are presented in Table 1
and Fig. 1. Of the nine patients, five were male, and the mean
age at the time of diagnosis was 55.4110.4 years. Two patients
(case No. 2 and 8) had a previous history of atypical meningi-
oma that had been surgically resected, and one patient (case
No. 1) underwent two previous surgeries. The mean tumor
size was 54.9113.8 mm, and the skull base (n=4) was the most
common location of the tumor. Of the nine patients, eight
(88.9%) showed moderate to severe edema, seven (77.8%) had

an irregular tumor shape, and seven (77.8%) had heteroge-

Table 1. Demographic and clinical characteristics of the study group
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neous contrast enhancement. Bone or sinus involvement was
identified in five (55.6%) and three (33.3%) patients, respec-
tively. The mean MI was 14.814.9, and seven (77.8%) of the
nine patients had an MI =15. The mean Ki-67 index was 20.7
+13.9. The median time interval from diagnosis of atypical
meningioma to malignant transformation was 19 months
(range, 7-78).

Predictive factor for malignant transformation

A comparison of the clinical characteristics of the study
group and controls is shown in Table 2 and Fig. 2. There were
significant associations between heterogeneous enhancement
(OR, 6.816; 95% CI, 1.288-36.062; p=0.024) and bone invasion
(OR, 8.750; 95% CI, 1.885-40.606; p=0.006) and malignant
transformation. Compared with the control group, the study
group showed a higher proportion of cases with moderate to
severe edema and irregular shape; however, the difference was
not statistically significant. In terms of histopathological find-
ings, the MI (OR, 1.435; 95% CI, 1.195-1.723; p<0.001) and Ki-
67 index (OR, 1.109; 95% ClI, 1.025-1.200; p=0.010) showed
significant association with malignant transformation. The

rate of postoperative radiotherapy did not differ between the

two groups.

In the multivariate analysis, only the MI (OR, 1.436; 95%
CI, 1.127-1.900; p=0.004) was statistically significant in pre-
dicting malignant transformation (Table 3). The ROC analysis
showed that the MI had the highest validity at a cut-off value
of 8 with a sensitivity of 0.89 and a specificity of 0.86 (Supple-
mentary Fig. 1).

DISCUSSION

Previously reported studies have shown that 0.16-2.00% of
all meningiomas transform into the high-grade subtype, and
among the recurrent meningiomas, 6.3-28.5% were con-
firmed to have progressed to a higher grade"**"****. Of the
atypical meningiomas, 26—33% showed anaplastic transfor-
mation upon histological examination at the time of their re-
currence™. Factors related to the malignant transformation of
meningiomas have been investigated in several studies, focus-
ing mainly on genetic changes. These studies have suggested
the gradual accumulation of genetic changes, including the

loss of genetic material from chromosome 22, as the primary
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Fig. 1. A-F : Radiological and histopathological characteristics of the patients.
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event responsible for the transformation of the meningio- not been well identified. In this study, we aimed to identify the
ma”******* However, it is difficult to apply their results in feasibility of using routinely available clinical factors for pre-
routine clinical practice. Moreover, the clinical factors that fa- dicting malignant transformation of atypical meningiomas,
vor the malignant progression of atypical meningiomas have which might help surgeons in assessing appropriate treatment

Table 2. Comparison of the clinical characteristics between the study group and controls

Variable Study group (n=9) Controls (n=56) p-value
Sex, male 5(55.6) 25 (44.6) 0.554
Age (years) 5544104 5784119 0.580
Tumor location
Convexity 3(333) 23(410)
Parasagittal/falcine 3(333) 16 (28.6)
Intraventricular 0(0.0) 1(1.8)
Skull base 3(333) 16 (28.6)
Tumor size (mm) 54.9413.8 48.1410.7 0123
Radiological findings
T2 signal intensity
Hypointensity 1(11.0) 10 (17.9) 0.709
Isointensity 5(55.6) 23 (410) 0.517
Hyperintensity 3(333) 23 (41.0) 0.827
Moderate to severe edema 8(88.9) 30(53.6) 0.077
Severe edema 6 (66.7) 19339 0.074
Irreqular shape 7(77.8) 29 (51.8) 0.162
Heterogeneous enhancement 7(77.8) 19 (33.9) 0.024
Bone invasion 5(55.6) 7(12.5) 0.006
Calcification 1(11.1) 6(10.7) 0972
Pathological findings
Mitotic index 14.8+49 3.5%+39 <0.001
<4 0(0.0) 33 (58.9)
>8 8(88.9) 8(14.3)
>15 7(77.8) 2 (3.6)
Hypercellularity 6 (66.7) 48 (85.7) 0172
Small-cell change 4 (44.4) 34 (60.7) 0.363
Macronucleoli 6 (66.7) 41 (73.2) 0.685
Sheeting 6 (66.7) 30 (53.6) 0943
Necrosis 8(88.9) 33 (58.9) 0mn7
Ki-67 index 20.7+139 9.5+71 0.010
Brain invasion
Present 3(333) 19(33.9) 0.999
N/A 6 (66.7) 30 (53.6)
Gross total resection 6 (66.7) 49 (87.5) 0.124
Postoperative radiotherapy 5(55.6) 27 (48.2) 0.683

Values are presented as mean+standard deviation or number (%). p-values from the univariate logistic regression analysis. N/A : not applicable
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strategies for these patients.
In a previously published study, Kwon

et al.”” have stated

that the MI was the only predictive factor for high-grade

transformation in grade I meningiomas. The mean MI of pa-

tients and controls showed a significant difference (2.0£1.1 vs.
0.4%0.7), and approximately half of the patients (42.9%)
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showed an MI of 3. In the current study as well, multivariate
analysis showed the mitotic count to be the only independent
factor for predicting the risk of malignant transformation in
atypical meningiomas.

A number of reports have highlighted the MI as a marker

for aggressiveness and a high potential for proliferation®***",

100 |- [[ICase M Control
778
80 [
60 |- 55.6
(%)
40 339
20 |- 125
0 . .
Heterogeneous enhancement Bone invasion
Ki-67
60 |-
L]
40
20 |-
°ses :
%
° o:o
L4 %%0q00008°
0 [(ITY P [ X1]

@ Case Control

Fig. 2. Comparison of the radiological (A and B) and histopathological (C and D) characteristics of the tumors in the study and control groups.

Table 3. Multivariate logistic regression analysis for predictors of high grade transformation

Variable Adjusted OR 95% Cl p-value
Moderate to severe edema 6.573 0.058-743.475 0435
Heterogeneous enhancement 5422 0.295-99.690 0.255
Bone invasion 9.235 0.590-144.636 0.113
Mitotic index 1463 1.127-1.900 0.004
Ki-67 index 1.041 0.793-1.159 0.665

OR: odds ratio, Cl : confidence interval
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Moreover, the current WHO grading criteria are primarily
based on the number of mitosis per unit area, and atypical
meningiomas are classified as tumors where the MI is between
4 and 19", However, despite well-defined histopathological
criteria, wide spectrum of their mitotic count leads to within-
grade heterogeneity in the proliferative potential of individual
tumors™*”. Olar et al.”” have published data on recurrence-
free survival based on the MI in their series of 84 patients with
grade II meningiomas. When the patients were segregated
into two groups according to their MI (0—4 vs. =5), the
groups displayed a significant difference in the recurrence-
free survival (median 424 weeks vs. 204 weeks, p<0.01). The
clinical significance of MI as a marker of proliferative poten-
tial was also proven in the present study. Seven of the nine pa-
tients (77.8%) had an MI =15 in the study group, whereas
more than half (58.9%) of the patients in the control group
had an MI <4. In a previous study by Vranic et al.* that in-
cluded 86 patients with high-grade meningioma, the mitotic
count as a continuous variable showed a strong association
with recurrence/progression of the tumor (hazard ratio [HR],
1.08; 95% CI, 1.03-1.13; p=0.001). Similarly, Lee et al.”” have
shown the significance of the mitotic count as a continuous
variable (HR, 1.24; 95% CI, 1.07-1.44; p=0.004), indicating
atypical meningioma as a heterogeneous group in their recur-
rence rate with regard to their mitotic activity. In line with
previous reports, the results of this study indicate that the MI
could be a helpful tool for further stratitying the risk of pro-
gression within grade II meningiomas. Interestingly, two pa-
tients (case No. 1 and 2) showed a short transformation inter-
val (9 and 7 months, respectively), despite having relatively low
MI. Both of them had at least one history of surgery for recur-
rence of atypical meningioma before being included in the
study. It is hypothesized that this clinical characteristic may
indicate more aggressiveness of tumors, although they showed
relatively indolent pathological result.

However, determining the cut-off value for predicting the
recurrence or progression of the meningioma is challenging.
Sun et al.” have analyzed 119 atypical meningiomas with no
brain invasion and reported that those with an MI =8 had a
significantly higher rate of recurrence than those with an MI
<7 (25.0% vs. 4.0%, p<0.001). The 5-year rate of local control
of the groups with an MI =8 and MI <7 were 62% and 98%,
respectively (p<0.001). Another study by Budohoski et al."”

has reported the predictors of early progression after analyz-

Mitotic Index and Atypical Meningiomas | Kwon SM, et al.

ing 220 atypical meningiomas and also reported MI >7 as a
significant predictor of progression (OR, 4.27; 95% CI, 1.40—
12.19; p=0.007). In line with their findings, the ROC analysis
in this study revealed the highest validity for the prediction of
malignant transformation at an MI of 8. Nevertheless, this re-
sult should be interpreted cautiously because of our small
sample size, and further studies are necessary.

The presence of brain invasion is also reported to be a well-
known prognostic factor for the recurrence or progression of
meningioma™””. Moreover, in several studies, only the mitotic
count and brain invasion have been reported as significant

47,48 L)
). However, the most criti-

prognostic factors for recurrence
cal limitation is the fact that brain invasion can only be as-
sessed when brain tissue is included in the surgical speci-
men™. In the current study, we could identify brain tissue in
the pathological slides in three of nine (33.3%) study cases and
26 of 56 (46.4%) controls; all three patients (100%) from the
study group and 19 of the 26 patients (73.1%) from the control
group showed brain invasion, but there was no statistical sig-
nificance between the two groups.

In our series, the radiological findings, which are markers
for tumor aggressiveness, were not statistically significant in
predicting the malignant transformation of atypical meningi-
omas. The study group showed a higher proportion of moder-
ate to severe edema (88.9% vs. 53.6%) and heterogeneous en-
hancement (77.8% vs. 33.9%) than the control group, but the
differences were not significant. Previous reports have linked
the interruption of physiological barrier between the tumor
and the brain parenchyma, a cerebrospinal fluid cleft and an
arachnoid membrane, as a mechanism of peritumoral ede-
ma'®*". After analyzing the correlation between peritumoral
edema and recurrence rate, Mantle et al.” have demonstrated
that the cortical invasiveness of the mass was the cause of the
edema around the tumor, resulting in a higher rate of recur-
rence. In addition, in the analysis of 220 patients with menin-
gioma by Budohoski et al.'””, the authors reported that the
presence of peritumoral edema had a 92% sensitivity in pre-
dicting 24-month recurrence. They suggested that the pres-
ence of edema was highly correlated with early aggressive be-
havior and could be used to determine the frequency of
clinical surveillance'. Correspondingly, our previous study
has also shown a relative association between prominent peri-
tumoral edema and high-grade transformation of benign me-

ningiomas, although this association was not significant (ad-
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justed OR, 33.822; p=0.054)"". Future large-scale investigations
through volumetric analysis are needed to better validate peri-
tumoral edema as a predictor of malignant transformation.
There have been many reports suggesting that heteroge-
neous enhancement is associated with aggressive behavior of
the tumor™*. Salah et al."” have compared the radiological
appearance of benign and high-grade meningiomas (WHO
grades Il and I1I) and demonstrated that the heterogeneous
pattern of enhancement was the most significant finding to
differentiate between the two groups. Non-uniform patholog-
ical features caused by a heterogeneous distribution of prolif-
erating cells or intratumoral necrosis may account for the het-

14,24
' However, based on

erogeneous enhancement of tumors
our results, these radiological characteristics may suggest that
the tumor itself has an aggressive high-grade potential, but
they were not significant predictors of malignant transforma-
tion.

In the univariate analysis, the presence of bone invasion
showed a significant association with malignant transforma-
tion. It is unclear whether the changes in adjacent bone repre-
sent direct tumor invasion or secondary manifestation™.
However, increasing evidence suggests that osteolytic bone in-
vasion and tumor extending into the soft tissue should be
considered invasive, even when their initial pathology appears
to be benign'*”*”. In our series, the study group showed a sig-
nificantly higher rate of bone invasion than observed in the
control group (55.6% vs. 12.5%). However, it was not a signifi-
cant predictor of malignant transformation.

Our results highlight the clinical implication of the mitotic
count as a predictive factor of malignant transformation of
atypical meningiomas. However, there are some intra- and in-
ter-observer variabilities in quantifying the mitotic figures in
small unit areas of 10 HPF**”. In addition, the heterogeneity
in the number of mitosis in different areas of the tumor might
lead to difficulties and inconsistencies in assessing the grade
of meningiomas'’. Bollag et al.” have reported the case of in-
vasive meningioma with admixture of 20% meningothelial,
459% atypical, and 35% anaplastic subtypes. At the time of re-
currence, the tumor almost entirely followed an anaplastic

pattern'”

. Given the wide range of morphological heterogene-
ity in high-grade meningiomas, they emphasized on the broad
sampling of tumors with thorough histopathological evalua-
tion.

This study has some limitations. First, it was a retrospective
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study conducted at a single institution, making selection bias
inevitable. Second, the number of included patients was small,
which can decrease the statistical power because the inclusion
was limited to patients with atypical meningioma that had
undergone malignant transformation. Third, since the follow-
up period of the control group is limited, we cannot exclude

the possibility of future malignant transformation.

CONCLUSION

For a more focused clinical follow-up, it is important to
identify and predict patients in whom the atypical meningio-
ma is likely to undergo malignant transformation. Our results
indicate that a higher MI within grade II meningioma might
add relevant information in assessing the risk of malignancy.
Identifying the risk might improve decision-making during
patient management and warrant attentive clinical surveil-

lance.
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