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Ki67 Index Is the Most Powerful Factor for Predicting
the Recurrence in Atypical Meningioma : Retrospective
Analysis of 99 Patients in Two Institutes
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Objective : The primary objective of this study was to identify predicting factors for local control (LC) of atypical meningioma, and
we validated them with comparing the predicting factors for recurrence-free survival (RFS). We also examined the rate of LC after
surgical resection with or without adjuvant treatment and RFS.

Methods : Clinical and radiological records of patients with atypical meningiomas diagnosed at two institutes from January 2000
to December 2018 were reviewed retrospectively. Histopathological features were also reviewed using formalin-fixed paraffin
embedded samples from pathological archives.

Results : Of the 99 atypical meningiomas eligible for analysis, 36 (36.4%) recurred during the follow-up period (mean, 83.3 months;
range, 12-232 months). The rate of 3-year LC and 5-year LC was 80.8% and 74.7%, respectively. The mean time-to-recurrence
was 49.4 months (range, 12-150). The mean RFS was 149.3 months (95% confidence interval, 128.8-169.8 months) during the
mean follow-up duration of 83.3 months (range, 12-232 months). Multivariate analysis using Cox proportional-hazard regression
model showed that the extent of resection (hazard ratio [HR], 4.761; p=0.013), Ki67 index (HR, 8.541; p=0.004), mitotic index (HR,
3.275; p=0.044), and tumor size (HR, 3.228; p=0.041) were independently associated with LC. These factors were also statistically
associated with RFS. In terms of radiotherapy after surgical resection, the recurrence was not prevented by immediate radiotherapy
because of the strong effect of proliferative index on recurrence.

Conclusion : The present study suggests that the extent of resection, proliferative index (according to Ki67 expression) and mitotic
index, and tumor size are associated with recurrence of atypical meningiomas. However, our results should be further validated
through prospective and randomized clinical trials to overcome the inborn bias of retrospective nature of the study design.
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INTRODUCTION

Meningiomas are tumors that arise from the meninges of
the brain and spinal cord and account for the most common
primary intracranial neoplasms in adults, which in turn ac-
count for over a third of primary intracranial neoplasms, with
an incident rate of 8.03 per 100000 individuals'. The 2016
World Health Organization (WHO) classification of tumors
of the central nervous system (CNS) categorized meningiomas
into three grades'®. Using modern WHO criteria, approxi-
mately 70—75% of surgically resected meningiomas are grade I
(benign), 20-30% are grade II (atypical), and 1-3% are grade
I (anaplastic)'®. Compared to benign meningiomas, atypical
or anaplastic tumors have an aggressive clinical behavior, an
increased risk of tumor recurrence, and poor prognosis®.

Specifically, atypical meningiomas are more locally aggres-
sive and demonstrate more rapid tumor progression, compar-
ing with benign meningiomas, which are generally slow-grow-
ing and have low recurrence rate after gross-total resection
(GTR)™*Y. Literature suggests that atypical meningiomas have
a 5-year recurrence rate of approximately 40% in the absence of
postoperative radiotherapy (PORT)*!". In fact, previous studies
reported an increased risk of recurrence and shorter length of
overall survival in atypical meningiomas compared to benign
meningiomas; atypical meningioma shows a 7- to 8-fold in-
creased risk of recurrence, and an approximate 2-fold increased

1220 Despite advances in

risk of death 3-5 years post-diagnosis
stereotactic radiosurgery, GTR remains the primary treatment
option for meningiomas in most instances, with the goal to
achieve complete excision of the dural base of the lesion, akin to
Simpson grade 1 resection. Nevertheless, total excision of the
meningioma and the dura of origin are not feasible in many in-
stances, or not without incurring unacceptably high rates of
postoperative morbidity”. Therefore, after surgical resection of
atypical meningioma, adjuvant treatment modalities should be
considered. Immediate PORT is clearly beneficial for malignant
meningiomas, while its role for atypical meningiomas is still
under debate. Nonetheless, PORT is frequently chosen in cases
of atypical meningiomas, despite the absence of clear consensus
that this treatment is indicated. There is ongoing debate as to
whether atypical meningiomas should receive radiotherapy or
whether this treatment should be limited to incompletely re-
sected cases'*.

In the clinical practice, it is important for physician to de-
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termine whether patients with atypical meningioma should
undergo additional treatment after surgical resection, due to
their unfavorable and unpredictable prognosis. Several prog-
nostic factors have been reported, such as cellular proliferating
factors®, patient age*”, tumor location®, preoperative tumor
size®, extent of surgical resection', and early PORT?”. How-
ever, these reports are controversial, and the optimum treat-
ment strategy for atypical meningioma remains to be eluci-
dated.

In the present study, we retrospectively reviewed the medi-
cal records of a large cohort of 99 patients with atypical me-
ningioma who underwent surgical treatment in two institutes.
The primary objective of this study was to examine the rate of
local control (LC) after surgical resection with or without ad-
juvant treatment and recurrence-free survival (RES). We also
identified predicting factors for LC of atypical meningioma,
and we validated them with comparing the predicting factors
for RFS.

MATERIALS AND METHODS

The study protocol was approved by the Institutional Re-
view Boards of Samsung Changwon Hospital (SCMC 2020-
03-002) and Dong-A Medical Center (DAUHIRB-20-138). All
studies were conducted according to the guidelines of the
Declaration of Helsinki for biomedical research. Informed
consent was waived due to study’s retrospective nature and

minimal hazard to the participants.

Patient’s collection

We conducted a retrospective case study and clinical review
of 471 meningioma patients who had been surgically treated
at the two individual institutes from January 2000 to Decem-
ber 2018. Patient’s sex and age at the time of surgery, symp-
toms at diagnosis, tumor location and size, size of peritumoral
edema, extent of resection, histological grade, and application
of PORT and/or adjuvant chemotherapy, duration of follow-
up, recurrence, and survival were retrospectively reviewed for
each patient. All atypical meningiomas were newly diagnosed
cases, and the following patients were excluded : 1) those with
recurrent atypical meningioma after treatment for a previous
benign meningioma; 2) those with multiple intracranial me-

ningiomas, because of difficulty to evaluate treatment re-
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sponse; 3) those with spinal meningioma; 4) those who had
undergone preoperative radiotherapy against tumors; and 5)

those with =12 months of follow-up due to follow-up loss.

Histopathological diagnosis

All patients had undergone radical surgery and had a tumor
sample for histopathological diagnosis. Among these cases, we
selected tumors that met diagnostic criteria for atypical menin-
gioma, as outlined in the 2016 WHO classification of CNS tu-
mors'®. We reviewed again formalin-fixed paraffin embedded
(FFPE) samples obtained before 2016 from the pathological ar-
chives from two individual institutes to confirm histopatho-
logical diagnosis based on the new 2016 WHO diagnostic crite-
ria of atypical meningiomas. According to the new WHO
classification of CNS tumors, brain invasion has been added to
the existing histological criterion of mitotic count of four or
more, which can alone suffice for diagnosing atypical meningi-
oma, WHO grade IT'. Additionally, atypical meningioma can
be diagnosed based on the additive criteria of three of the other
five histological features : 1) spontaneous necrosis, 2) sheeting
(loss of whorling or fascicular architecture), 3) prominent nu-
cleoli, 4) high cellularity, and 5) small cells (tumor clusters with
high nuclear:cytoplasmic ratio)'.

The laboratory method for Ki67 analysis as proliferative in-
dex and mitosis was performed as followed by the previous
protocol™. Two different neuropathologists, who were blinded
to patient clinical and radiological information, reviewed all
slides. There was only one discordant case (1.0%) in both re-
views of immunoreactivity, which was resolved after discus-

sion.

Neuroradiological findings of atypical meningio-
mas

Tumor size was defined as the largest tumor diameter
rounded to the nearest centimeter on Gadolinium-enhanced
T1-weighted magnetic resonance image (MRI) before initial
surgery. Peritumoral edema was estimated by the longest dis-
tance from the margin of the tumor on fluid-attenuated in-
version recovery images. The locations of tumors were divided
into convexity (including convexity and parasagittal area) and
nonconvexity (including falcine, tentorial, skull base, and in-
traventricular area) groups. The extent of resection was cate-
gorized as Simpson grade 0-5". The extent of resection was

estimated not only during the operation itself but also with
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MRI, which was performed immediately after surgery. Recur-
rence was defined as the presence of new tumor in patients
with a completely resected tumor, as judged in the first post-
operative MRI, or as evidence of new growth of an incom-
pletely resected tumor on serial postoperative MRIs compared

with immediate postoperative MRIs.

Therapeutic strategies for atypical meningioma
Surgical indications for meningioma were as follows : 1) tu-
mor with neurological symptoms, 2) tumor growing during
regular follow-up, 3) tumor size =3 c¢m, 4) tumor requiring a
differential diagnosis from other malignancies, and 5) pa-
tients’ demand, due to anxiety for tumor growth, even with-
out symptoms. Patients who underwent GTR of atypical me-
ningiomas and did not undergo radiation therapy were closely
observed at our institutions. We recommended PORT in all
patients with atypical meningiomas that were resected of
Simpson grade 3—4 and/or showed high Ki67 index =10. Of
note, although PORT was commonly applied for the remnant
atypical meningioma, strong agreement for this course of ac-
tion has not been established. In cases of recurrence, reopera-
tion should be considered as the first choice. Some patients,
who did not undergo GTR of the tumor, were treated with 3D
conformal radiotherapy. Total irradiation dose ranged from
50 to 60 Gy (1.8-2.0 Gy per fraction a day, five fractions a
week), depending on the decision from the radiation oncolo-
gist. If the patients who were candidates for PORT had been
reluctant to radiotherapy, adjunctive chemotherapy was treat-

ed after discussion with patients and their family.

Statistical analysis

Differences between subgroups were analyzed using the
Student t-test for normally distributed continuous values and
the Mann-Whitney U-test for non-normally distributed con-
tinuous values. The chi-square test was used to analyze cate-
gorical variables. As there is no universal cutoff value for the
several clinical factors that predict recurrence of atypical me-
ningiomas, receiver operating characteristic (ROC) curve
analysis and sensitivity-specificity analysis was used to define
the cutoff value for patient’s age, tumor size, peritumoral ede-
ma, Ki67 expression, and Simpson as a predicting factor for
the recurrence of atypical meningiomas. Through sensitivity-
specificity analysis, the cutoff value (the point at which sensi-

tivity and specificity intersect) was determined for each value,



as correlated with recurrence”.

LC and RFS was calculated according to the Kaplan-Meier
method, and comparisons between groups were performed
using log-rank tests. Variables found to be significantly asso-
ciated with the LC and RFS of patients with atypical meningi-
omas in univariate analyses (p-value <0.2) were then subjected
to multivariate analyses. Moreover, several additional vari-
ables, which have been associated with recurrence of atypical
meningioma in the literature and we have been interested in,
were also subjected to multivariate analysis. In multivariate
analysis, the Cox proportional-hazards regression model was
used to assess the independent effects of specific factors on LC
and RFS and to define the hazard ratios for significant covari-
ates. Two-sided p-values below 0.05 were considered statisti-
cally significant. SPSS version 20.0 (IBM Corp., Armonk, NY,

USA) was used for the statistical analysis.

RESULTS

Clinical and radiological characteristics

From a total of 471 meningioma cases in the defined study
period, 105 atypical meningioma patients were eligible for our
analysis. Among them, six patients were excluded due to in-
complete medical records and/or inadequate features of path-
ological samples. Eventually, 99 patients (43 males and 56 fe-
males) were included in our study. The mean age at diagnosis
for these patients was 56.5 years (range, 26.4—87.2) (Table 1).

All 99 patients had undergone radical resection of the tu-
mor. Simpson grade 0—2 was achieved in 61 patients (61.6%),
and Simpson grade 3—4 in 38 patients (38.4%) (Table 1). Out
of 61 patients with Simpson grade 02, 11 (18.0%) underwent
PORT due to high Ki67 index value. Out of 38 patients with
Simpson grade 3—4, 17 (44.7%) underwent PORT and 15
(39.5%) were treated with chemotherapy using hydroxyurea.
However, the remaining six patients (15.8%) were observed

closely without any adjuvant treatment due to their refusal.

Histopathological characteristics

The mean number of mitoses was 8.42 (range, 4—18). The
mean Ki67 index was 7.55% (range, 4.0—16.0). Brain invasion
was observed in 22 cases (22.2%) (Table 1). Only three cases,
which were diagnosed as WHO grade I meningioma accord-
ing to the 2007 WHO classification, were updated to WHO
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Table 1. Clinical and radiological characteristics of the 99 patients with
atypical meningiomas

Factor Value
Age (years) 56.5(26.4-87.2)
Gender
Male 43 (43.4)
Female 56 (56.6)
Chief complication
Headache 45 (45.5)
Seizure 28 (28.3)
Focal neurological deficit 113111
Altered mentation 6 (6.0)
None 991
Tumor location
Convexity & parasagittal 50 (50.5)
Falx 21 (21.2)
Skull base 13 (13.1)
Tentorial 8(8.1)
Intraventricular 8(8.1)

Maximal diameter in TTWI with Gd
enhancement (cm)

4.21(2.05-8.32)

Size of peritumoral edema in T2WI (cm) 1.87 (0.00-5.62)

Extent of surgical resection

Simpson grade 0 8(8.1)

Simpson grade 1 34 (34.3)

Simpson grade 2 19(19.2)

Simpson grade 3 33(333)

Simpson grade 4 5(5.1)
Value of Ki67 (%) 7.55 (4-16)
Number of mitosis 842 (4-18)
Brain invasion

Yes 22 (22.2)

No 77 (77.8)
Postoperative radiotherapy

Yes 28(28.3)

No 71(71.7)
Postoperative chemotherapy

Yes 15(15.2)

No 84 (84.8)
Recurrence

Yes 36 (36.4)

No 63 (63.6)

Values are presented as mean (range) or number (%). TIWI : T1-weighted
image, Gd : gadolinium, T2WI : T2-weighted image
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grade II atypical meningioma, due to brain invasion features
based on the updated WHO classification. No case diagnosed
as WHO grade II atypical meningioma according to the 2007
WHO classification changed into different WHO grade tu-

mor classification after review of the FFPE samples.

Favorable factors for recurrence
The mean follow-up time from the date of resection was 83.3
months (range, 12-232). During follow-up, 36 patients (36.4%)

presented with recurrence, and all the recurrences occurred at 1
year later after surgery. There was no difference in patient’s age
and sex, association with seizure, tumor location, tumor size
and peritumoral edema, mean number of mitoses, and PORT
between patients with recurrence and those without recur-
rence. However, tumors with high Ki67 value (p=0.021) and
Simpson grade 3—4 (p=0.048), and patients who were treated
with chemotherapy (p=0.042) showed more frequent recur-
rence (Table 2).

Table 2. Comparative data of the clinical and radiological characteristics in the patients with recurrence versus without recurrence of atypical

meningiomas (n=99)

Factor Recurrence (+) (n=36) Recurrence (-) (n=63) p-value
Age (years) 56.3 (32.7-75.5) 56.8 (26.4-87.2) 0.984
Gender 0.162
Male 13 (36.1) 30 (47.6)
Female 23 (63.9) 33(524)
Seizure 0.251
Yes 8(22.2) 20 (31.7)
No 28 (77.8) 43 (68.3)
Tumor location 0.802
Convexity 1.7) 35 (55.5)
Non-convexity 21(58.3) 28 (44.5)
Maximal diameter in TIWI with Gd enhancement (cm) 455 (2.63-8.32) 4.02 (2.05-6.32) 0.227
Size of peritumoral edema in T2WI (cm) 51 (0.50-5.62) 1.50 (0.00-4.55) 0.122
Extent of surgical resection 0.048
Simpson grade 0 2(5.6) 6 (9.5)
Simpson grade 1 9(25.0) 25(39.7)
Simpson grade 2 6(16.7) 13 (20.6)
Simpson grade 3 17 (47.1) 16 (25.4)
Simpson grade 4 2(56) 3(4.8)
Value of Ki67 (%) 9.75 (4-16) 5.70 (4-12) 0.021
Mitotic index 10.2 (4-18) 740 (4-18) 0114
Brain invasion
Yes 10 (27.7) 12 (19.0) 0.349
No 26 (72.3) 51 (81.0)
Postoperative radiotherapy 0.074
Yes 14 (38.8) 14 (22.2)
No 22 (61.2) 49 (77.8)
Postoperative chemotherapy 0.042
Yes 10 (27.8) 5(79)
No 26 (72.2) 58 (92.1)

Values are presented as mean (range) or number (%). TIWI: T1-weighted image, Gd : gadolinium, T2WI : T2-weighted image
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LC

The rate of 3- and 5-year LC were 80.8% and 74.7%, retro-
spectively (Fig. 1). In multivariate analysis using logistic re-
gression model, the following factors were independently as-
sociated with LC rate; 1) tumor size, 2) surgical resection with
Simpson grade, 3) Ki67, and 4) mitotic (Table 3). However,
brain invasion and PORT were not associated with LC rate of

atypical meningioma after multi-factor adjustment.

RFS

The mean RFS was 149.3 months (95% confidence interval,
128.8—169.8 months). The cutoff thresholds of the clinical fac-
tors determining the association with RES were calculated
with ROC curve analysis (Table 4).

In multivariate analysis using Cox-regression model, the
following factors were independently associated with recur-
rence; 1) surgical resection with Simpson grade, 2) Ki67 index,
3) mitotic index, and 4) tumor size (Table 5). However, factors
which were of interest for the investigators, such as tumor-as-
sociated seizure, brain invasion in histopathological feature,
PORT, and adjuvant chemotherapy using hydroxyurea were
not associated with recurrence of atypical meningiomas (Ta-
ble 5). Kaplan-Meier survival analysis for RFS also showed
statistically significant differences in the size of the tumor, ex-

tent of resection, Ki67 index, and Fig. 2.

Analysis of 36 recurrent cases
The mean time-to-recurrence was 49.4 months (range, 12—

0.6 |-

04 [~

Cumulative local control

02 |-
3-year local control : 80.8%
00 - 5-year local control : 74.7%

I I I I I I
0 48 96 144 192 240
Follow-up period (months)

Follow-up (months) 0 24 48 72 96 120 144 168 192 216 240
Cumulativerecurrence 0 10 19 28 32 35 35 36 36 36 36
No. of patients 99 87 69 52 39 32 24 18 1B 7 2

Fig. 1. Local control rate of atypical meningioma after surgical resection
with or without following adjuvant treatment. The 3- and 5-year local
control rate is 80.8% and 74.7%, respectively.
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150). Most recurrences occurred at the original site of surgery
such as the tumor bed (n=7, 19.4%) and tumor margin (n=26,
72.3%). Three patients (8.3%) recurred at a remote site and
there was no distant metastasis extracranially (Table 6).

Out of 28 patients who received PORT, 14 (50.0%) recurred,
suggesting that PORT could not prevent atypical meningioma
from recurrence (Table 2). Additionally, 10/15 patients (66.7%),
who underwent adjuvant chemotherapy, recurred, suggesting
that adjuvant chemotherapy could not suppress recurrence of
atypical meningioma, either. However, the Ki67 index was
much higher in patients who received PORT than in those who
did not (9.3% vs. 6.8%, p=0.044). Moreover, the Ki67 index ap-
peared to be higher in patients who underwent adjuvant che-
motherapy than in those who did not (8.4% vs. 7.2%, p=0.094).
The Ki67 index (hazard ratio of 28.457) was the most powerful
factor for predicting recurrence of atypical meningioma com-
pared to any other factors (Table 5).

Out of the 36 patients with recurrent atypical meningiomas,
31 (86.1%) underwent repeated surgical resection, four (11.1%)
were treated with salvage radiotherapy, and one (2.8%) under-
went salvage chemotherapy alone. The five patients who could
not undergo repeated resection had tentorial meningiomas,
which were not accessible for surgical resection again. After
repeated surgical resection in 31 patients, 12 patients (38.7%)
underwent additional salvage radiotherapy, eight patients
(29.0%) did salvage chemotherapy, five patients (16.1%) were
closely followed up without additional salvage treatment, and
another six patients (19.4%) were lost during follow-up. Of the
total 36 patients with recurrence, 28 patients were followed up
and the mean follow-up period after recurrence was 58.8
(range, 9-199 months). Of these patients, two patients suc-
cumbed to malignant transformation of the tumor.

Malignant transformation was found in three (9.7%) atypi-
cal meningiomas from WHO grade II to III (Fig. 3). For other
three patients, histopathological diagnosis changed from
atypical meningiomas to clear cell or choroid meningioma,
which was also classified as WHO grade II meningioma at the

repeated surgery.

Analysis of 28 patients who underwent postop-
erative radiation therapy

The mean time interval between radiation therapy and sur-
gical resection was 29.5 days (range, 25—45). The mean dose of

adjuvant radiation therapy was 49.5 Gy (range, 28—54). No pa-
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tient underwent stereotactic radiosurgery. Although the the schedule due to getting worse in general condition.

planned dose of radiation therapy was 54 Gy with 20 fraction- Between the patients who experienced recurrence and those
ations for the adjuvant purpose, five patients did not finished who did not after adjuvant radiotherapy for atypical meningi-

Table 3. Factors associated with local control rate in 99 patients with atypical meningioma, according to the clinical and radiological characteristics

Univariate analysis Multivariate analysis

Variable 3-year local control
Hazard ratio (95% Cl) p-value Hazard ratio (95% Cl) p-value
Age
<55 years 34/39 (87.2) 1429 (0.851-2.008) 0.546 N.A.
>55 years 46/60 (76.7) 1.000
Gender
Male 38/43 (88.4) 1.388 (0.764-2.012) 0.615 N.A.
Female 42/56 (75.0) 1.000
Seizure
Yes 23/28 (82.1) 1.079 (0.462-1.696) 0.878 N.A.
No 57/71(80.3) 1.000
Location
Non-convexity 43/49 (87.8) 1.517 (0.884-2.149) 0443 N.A.
Convexity 37/50 (74.0) 1.000
Tumor size
<4cm 40/43 (93.0) 2.564 (1.436-3.692) 0.047 3.228 (1.725-4.731) 0.041
>4.cm 40/56 (71.4) 1.000 1.000
Peritumoral edema
<2cm 47/55 (85.5) 1.852 (0.947-2.757) 0316 N.A
>2cm 33/44 (73.3) 1.000
Brain invasion
Absence 65/77 (84.4) 2.219 (1.272-3.166) 0.108 2184 (0.989-3.379) 0.052
Presence 15/22 (68.2) 1.000 1.000
Extent of resection
SG0-2 53/61 (86.9) 2448 (1.206-3.689) 0.073 4761 (2945-6.577) 0.013
SG3-4 27/38 (71.1) 1.000 1.000
Ki67 index
<7.5% 53/55 (96.4) 4981 (2.614-7.348) 0.018 8.541 (4.074-13.088) 0.004
>7.5% 27/44 (61.4) 1.000 1.000
Mitotic index
<85 46/54 (85.2) 1.957 (0.992-2.921) 0.134 3.275 (1.543-5.007) 0.044
>8.5 34/45 (75.6) 1.000 1.000
Postoperative RTx
No 62/71(87.3) 2314 (0.948-3.679) 0.092 1.816 (0.801-2.831) 0.129
Yes 18/28 (64.3) 1.000 1.000
Postoperative CTx
Yes 68/84 (81.0) 1.066 (0.385-1.747) 0910 N.A.
No 12/15 (80.0) 1.000

Values are presented as number (%) unless otherwise indicated. Cl : confidence interval, N.A. : not assessed, SG : simpson grade, RTx : radiotherapy, CTx :

chemotherapy

564 https://doi.org/10.3340/jkns.2021.0196



Ki67 Index of Atypical Meningioma | Lee SH, et al.

Table 4. Results of ROC curve analysis and sensitivity-specificity analysis of certain factors with continuous value determining cut-off value

Age (years) 56.6+22.0 0.662 55 0.647 0.690
Tumor size (cm) 4.2142.08 0.716 4.0 0.659 0.772
Size of peritumoral edema (cm) 1.8741.35 0.659 20 0.715 0.616
Value of Ki67 (%) 7.55+2.62 0.821 75 0.774 0.888
Mitotic index 842+3.21 0.740 85 0.699 0.773
Simpson grade 1.93+1.02 0.804 2.0 0.782 0.831

Values are presented as mean+standard error or number. ROC : receiver operating characteristics, AUC : area under the curve

Table 5. Factors associated with RFS in 99 patients with atypical meningioma according to the clinical and radiological characteristics

Age
<55 years 163.8+159 1.238 (0.889-1.587) 0425 N.A.
>55 years 1374£13.5 1.000
Gender
Male 163.3+14.7 1.711 (0.926—-2.496) 0.237 N.A.
Female 136.4+14.3 1.000
Seizure
No 15144174 1135 (0.448-1.722) 0.651 1.355 (0.647-2.063) 0479
Yes 144.7412.1 1.000 1.000
Location
Convexity 157.5414.5 1105 (0.519-1.691) 0.843 N.A.
Non-convexity 129.0£13.2 1.000
Tumor size
<4cm 186.2+13.5 6.115 (3.041-9.187) 0.032 7.543 (4.682-10.404) 0.0Mm
>4 .cm N72+11.5 1.000 1.000
Peritumoral edema
<2cm 1571+13.7 1.099 (0.608-1.589) 0.756 N.A.
>2cm 128.2+13.8 1.000
Brain invasion
Presence 155.0411.6 2.716 (0.943-4.489) 0.082 2.050 (0.822-3.278) 0152
Absence 108.8£19.3 1.000 1.000
Extent of resection
SG0-2 164.5+13.2 3.868 (2.487-7.736) 0.041 5.724 (3.245-8.023) 0.031
SG3-4 116.7£14.4 1.000 1.000
Ki67
<7.5% 200.0+11.0 27.626 (19.543-35.709) <0.001 28457 (21.286-35.628) <0.001
>7.5% 96.8+13.6 1.000 1.000
Mitotic index
<85 172.0+134 4.643 (2.902-6.384) 0.031 3441 (1.296-5.586) 0.049
>85 12444148 1.000 1.000
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Table 5. Continued

Univariate analysis Multivariate analysis
Variable RFS (months)
Hazard ratio (95% Cl) p-value Hazard ratio (95% Cl) p-value

Postoperative RTx

No 161.4+£11.7 2.056 (0.955-3.157) 0.152 1.214(0.786-1.642) 0.203

Yes 128.6+16.0 1.000 1.000
Postoperative CTx

Yes 159.6+11.4 2.661 (0.993-4.328) 0.067 3.027 (0.984-5.071) 0.058

No 116.1421.2 1.000 1.000

Values are presented as mean+standard error unless otherwise indicated. RFS : recurrence-free survival, Cl : confidence interval, N.A. : not assessed, SG :

simpson grade, RTx : radiotherapy, CTx : chemotherapy
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Fig. 2. Recurrence-free survival curves for patients with atypical meningiomas by Kaplan-Meir survival curve analysis. A : Tumor size (<4 cm vs. >4 cm).
B : The extent of resection (Simpson grade 0-2 vs. 3-4). C: Ki67 (<7.5% vs. >7.5%). D : Mitotic index (<8.5 vs. >8.5). E : Immediate postoperative
radiotherapy (yes vs. no). F : Adjuvant chemotherapy using hydroxyurea (yes vs. no).

oma, the sole factor such as proliferative index (Ki67) showed
different value (p=0.043). However, there were no differences
in other epidemiological features of patients, characteristics of
the tumor, and treatment methods between the patients with
recurrence and those without recurrence after adjuvant radio-

therapy for atypical meningioma (Table 6).

DISCUSSION

The purpose of this study was to identify risk factors for the
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recurrence of atypical meningioma, and our study also exam-
ined the rate of LC after surgical resection with or without ad-
juvant treatment and RFS of atypical meningioma. To the best
of our knowledge, the present study provides a unique analysis
of the largest cohort with atypical meningiomas, because it is
much meaningful that comparative analysis of initial diagno-
sis with recurrent cases in detail should be performed, which
showed the uncommon cases of malignant transition to
WHO grade III meningiomas with confirm of histopathologic
diagnosis.

Among many predicting factors for recurrence of atypical
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Table 6. Subgroup analysis of patients who underwent immediate radiotherapy after surgical resection of atypical meningioma (n=28)

Factor Recurrence (+) (n=18) Recurrence (-) (n=10) p-value
Age (years) 55.6 (34.6-75.5) 58.8 (40.8-72.4) 0425
Gender 0.066
Male 6(33.3) 6 (60.0)
Female 12 (66.6) 4 (40.0)
Tumor location 0.537
Convexity 7(389) 3(30.0)
Non-convexity 11(61.1) 7 (70.0)
Maximal diameter in TIWI with Gd enhancement (cm) 4.33 (2.03-6.26) 4.20 (2.27-5.28) 0.708
Size of peritumoral edema in T2WI (cm) 84 (0.50-3.21) 95 (0.00-3.22) 0614
Extent of surgical resection 0.387
Simpson grade 0 1(5.6) 1(10.0)
Simpson grade 1 1(5.6) 3(30.0)
Simpson grade 2 6(33.3) 1(10.0)
Simpson grade 3 8 (44.4) 4(40.0)
Simpson grade 4 2 (11.1) 1(10.0)
Brain invasion
Yes 5(27.8) 3(30.0) 0.628
No 13(72.2) 7 (70.0)
Value of Ki67 (%) 104 (4-15) 7.7 (4-12) 0.043
Mitotic index 10.5 (6-18) .0 (5-15) 0.351
Timing of radiotherapy after surgery (days) 29.8 (25-42) 289 (25-45) 0.872
Dose of radiotherapy (Gy) 495 (28-54) 49,6 (34-54) 0991
Additional chemotherapy 0.714
Yes 5(27.8) 1(10.0)
No 13(72.2) 9(90.0)

Values are presented as mean (range) or number (%). TIWI: T1-weighted image, Gd : gadolinium, T2WI: T2-weighted image

meningioma, there is no disputing issue that the Ki67 indices
should be important predicting factors for disease recur-
rence**>41520_Tn our study, Ki67 index was also found to be
the most powerful independent predisposing factor for recur-
rence of atypical meningioma. It is the known fact that Ki67
and MIB index have related with clinical outcome of menin-
gioma including prognostic and predictive role as well as a
high risk related to recurrence in high Ki67 index in meningi-
oma. However, the cutoff value was not firmly established to
predict the recurrence of atypical meningioma, especially in
those who underwent PORT. The cutoff value of Ki67 index
was determined through ROC curve analysis in our study for
predicting the recurrence of atypical meningioma. Actually,

recurrences occurred in 29/44 cases (65.9%) of atypical me-

ningiomas with Ki67 index =7.5%. Out of the 44 patients
with atypical meningiomas with Ki67 index =7.5%, 20
(45.5%) underwent immediate PORT, and consequently 12/20
patients (60.0%) recurred, suggesting that PORT could not
suppress recurrence of atypical meningiomas with high Ki67
index as >7.5%. In contrast, recurrences occurred in 7/55 cases
(12.7%) of atypical meningiomas with Ki67 index =7.5%. Out
of the 55 patients with atypical meningiomas with Ki67 index
=7.5%, only eight underwent immediate PORT, and conse-
quently two of eight (25.0%) experienced recurrence of dis-
ease. Therefore, the proliferative potency may be a good target
for treatment of atypical meningiomas.

Our analysis showed that the effect of immediate PORT was
not demonstrated for the recurrences of atypical meningio-
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Fig. 3. lllustration of the cases with malignant transformation (Hematoxylin and Eosin staining, x40). A : An atypical meningioma of 53-year-old male on
the parasagittal area recurred at 72 months after initial surgery, and malignant transformation with marked cellular and nuclear pleomorphism was
confirmed. B : An atypical meningioma of 59-year-old female on the falcine area recurred at 82 months after initial surgery, and malignant
transformation with frank anaplasia with sarcomatoid appearance was confirmed. C : An atypical meningioma of 55-year-old female on the convexity
area was recurred at 34 months after initial surgery, and malignant transformation with the presence of rhabdoid morphology was confirmed.

mas, which can be much disputable point in presenting study.
However, it is difficult for readers to accept the distorted re-
sults, because it is true that there was serious selection bias.
Patients with unfavorable predicting factors for recurrence
such as high proliferative index and/or unsatisfactory resec-
tion were candidates for PORT. In fact, 20/44 (45.5%) patients
with Ki67 index >7.5% were irradiated immediately after sur-
gery, but only 8/55 (14.5%) patients with Ki67 index =7.5%
were irradiated immediately after surgery (p=0.008). In addi-
tion, only 11/61 (18.0%) patients with resection of Simpson
grade 02 were treated with PORT, while 17/38 (44.7%) pa-
tients with resection of Simpson grade 3—4 were treated with
PORT (p=0.011). Choi et al.” also reported that Ki-67 index
can be a useful prognostic factor for LC in WHO grade Il me-
ningioma, and PORT should be recommended to improve LC
in patients with Ki67 index >13%. However, they suggested
that PORT should not increase LC for patients with Ki67 in-
dex =13%. Actually, the mean Ki67 index in our study was
7.55% and much lower than 13% in Choi et al.”'s study. Even
in the recurrent cases, the mean Ki67 index was as low as
9.75%, which meant that LC and recurrence in our patients
with atypical meningiomas also could not be affected by
PORT due to low level of Ki67 index. As the mean Ki67 index
for atypical meningiomas ranges from 2.1% to 9.3% in the lit-

2,3,15)

eratures>*", our Ki67 index was not different from the other

studies. As mentioned above, there has been not precise cutoff
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value for predicting the recurrence atypical meningioma, es-
pecially in patients who undergo PORT for tumors. It is nec-
essary for investigator to perform the prospective clinical tri-
als in multicentre.

In the brief, our results with serious selection bias do not nec-
essarily have an important clinical meaning compared with the
literature which has shown the effect of radiotherapy for atypi-

cal meningiomas"'>'*%

). However, it is certain that radiotherapy
after surgical resection of atypical meningiomas continues to
be controversial. Although most neurosurgeons would not ad-
vocate PORT for these meningiomas in case of complete resec-
tion, the majority would recommend it in cases of incomplete
resection”. In fact, investigators were puzzled whether PORT
may have induced malignant transformation of atypical me-
ningiomas or not. This concern originated from the fact that
the three cases with malignant transformation were treated
with PORT in our cohorts. No malignant transformation was
observed in patients who did not undergo PORT. Indeed, there
was a report that 13 of 302 patients (4.3%) with atypical menin-
gioma progressed to WHO grade III meningioma, and all of
them were treated with radiotherapy once or more times?.
Randomized and prospective clinical trials are mandatory to
define the possibility of radiotherapy’s role on malignant trans-
formation of atypical meningiomas.

Our study suggests that several factors, such as extent of re-

section, Ki67 and mitotic index, and tumor size, are associated



with recurrence of atypical meningiomas, and even immedi-
ate PORT cannot demonstrate definite effects on reducing re-
currence of atypical meningiomas. Also, these results were
also compared with other factors from previous literature, but
several important limitations must be noted. First of all, the
most important limitation is the inherent bias introduced by
the retrospective nature of the study. We attempted to reduce
this bias by collecting patient data from complete medical and
radiological records and by recruiting patients treated using
the same protocols. Although multiple investigators, without
any prior information for the patients, independently re-
viewed the pathological slides and radiological images, we
cannot clearly claim that no bias originated from this retro-
spective study. Despite these efforts, however, the conclusions
drawn from our study require further validation through pro-
spective and randomized clinical trials. Second, although two
different neuropathologists assessed the Ki67 index and mito-
sis in the samples, we are not certain that the results obtained
were correct because the assessment of immunohistochemical
staining results is qualitative and often subjective. Reasonable
run-to-run reproducibility is essential for proper implementa-
tion of these cutoff levels. In addition, threshold levels require
adjustment to the sensitivity of the method used. For this rea-
son, we used specificity-sensitivity testing to determine the
optimal cutoff level. However, to validate the reproducibility
of our immunohistochemical staining method, additional
studies are necessary. Third, we did not analyze the molecular
and genetic variability, which has an important role on recur-
rence and malignant transformation. Although we found that
the mean Ki67 index increased for recurrent cases from 7.55%
to 11.81%, and the mean mitotic index increased for recurrent
cases from 8.42 to 10.72, a comprehensive molecular analysis
was not performed. It is fact that there are molecular and
translational advances in the recent meningioma study. Mo-
lecular characterization of meningioma has identified genetic
biomarkers that can predict tumor behavior including malig-
nant transformation. Only a few genetic changes are known to
classify >85% of all meningioma and clinical trials using tar-
geted therapy to genetic subtypes of meningioma are under
way*. Among several specific molecular genetic biomarkers,
such as PI3K/AKT pathway, Hedgehog pathway, and immune
check point system, neurofibromatosis 2 (NF2) has been re-
ported as a high incidence in patients with WHO grade Il and

I meningiomas™**, Perry et al.> also noted a higher inci-
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dence of atypical and malignant meningiomas in patients
with NF2 mutation. Translational analysis for molecular and
genetic markers are essential for determining the biologic
changes of tumor conditions. Finally, despite the presenting
study included relatively larger number of patients with infre-
quent brain tumors in multicenter, our study had not showed
strongly novel findings in the field of study on atypical me-
ningioma. Actually, our analysis was dealing several discuss-
ing points, such as role of Ki67 index in predicting clinical
outcome, efficacy of PORT in atypical meningioma, malig-
nant transformation of grade II meningioma into grade III
meningioma, and prognostic factors in atypical meningioma
patients. Further comprehensive study is essential to establish
concrete concepts about management of atypical meningio-

ma.

CONCLUSION

In this study, we investigated the LC and RES of atypical
meningioma after surgical resection, and identified the asso-
ciated predicting factors. We found that the Ki67 and mitotic
index, extent of resection, and tumor size are associated with
the recurrence of atypical meningiomas. Especially, as the
proliferative index is a powerful independent predictor for re-
currence, the effectiveness of adjuvant treatment including ra-
diotherapy has not been demonstrated against the recurrence
of atypical meningioma with a high proliferative index. How-
ever, our results require further validation through prospec-

tive and randomized clinical trials.
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