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Abstract The purpose of this study is to summarize our
experience in managing patients with an atypical or malignant
meningioma at our institution, with a specific focus on deter-
mining the prognostic factors for treatment outcome. We
reviewed the records of 126 patients with atypical or malig-
nant meningiomas from January 2001 to August 2011. Data
collected included gender, age, Karnofsky Performance Scale
(KPS) score, pathology results, cleavability, and bone inva-
sion. The symptoms and signs were recorded for further
outcome analysis. There were 37 malignant meningiomas
and 89 atypical meningiomas. Total resection (Simpson grade
I–II) was achieved in 80.9 % of atypical patients (n=72) and
67.6 % of malignant patients (n=25). Forty patients (44.9 %)
in the atypical group underwent radiotherapy after surgery,
while 26 (70.2 %) patients underwent radiotherapy in the
malignant group. The median follow-up duration was
25 months. Patients with a secondary tumor had a much
shorter progression-free survival (PFS) than those with a
primary tumor in the malignant group. The malignant menin-
gioma group had lower overall survival. Progression-free
survival for patients in the malignant group who received
postoperative radiotherapy was longer than that for those
who did not receive radiotherapy. In conclusion, total resec-
tion of the tumor was important because patients with a
secondary tumor were much more likely to have recurrence
than patients with a primary tumor in the atypical and malig-
nant meningioma groups. Also, radiotherapy should be per-
formed after surgery for a malignant meningioma.
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Introduction

Meningiomas are among the most common primary brain
tumors in adults, accounting for 33 % of all brain tumors with
an incidence of 6 per 100,000 [12]. The majority of meningi-
omas are benign tumors (90 %) with a good prognosis after
total resection. However, about 4.7–7.2% ofmeningiomas are
atypical and malignant meningiomas [4], which have a high
risk of recurrence of 35–75 % despite total resection and/or
radiation therapy (Simpson grade I–II). Radiotherapy is an
important adjuvant therapy for atypical and malignant menin-
giomas. Some studies have shown that patients with these
tumors benefit from radiotherapy, but there is no agreement
on what kind of patients should receive postoperative radio-
therapy [17]. Thus, the aim of this retrospective study was to
determine the characteristics of patients and factors that influ-
ence outcome in the treatment of atypical or malignant
meningiomas.

Materials and methods

This study was approved by our Institutional Review Board.
We reviewed retrospectively the medical records of 126 pa-
tients with atypical (n=89) and malignant (n=37) meningio-
mas who underwent surgical treatment from January 2001 to
August 2011 in Beijing Tiantan Hospital. Data were collected
from the patient data management system and included gen-
der, age, Karnofsky Performance Scale (KPS) score, patholo-
gy results, cleavability, and bone invasion. The extent of
resection was confirmed by reviewing the postoperative im-
aging studies and the operative records (Simpson grade I–II
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was defined as total resection (TR) and grade III–IV was
defined as subtotal resection (STR). We used the term “atyp-
ical” as synonymous with WHO 2000 grade II and the term
“malignant” as synonymous with WHO 2000 grade III. Data
on cleavability were obtained from original operative records
with special emphasis on bone invasion.

The follow-up was performed from 2 to 8 years after
discharge with radiology. All patients underwent CT and/or
MRI scans at 3 and 6 months and 1–2 years for the radio-
graphic evaluation after surgery. Neurological outcomes were
assessed using overall survival (OS) and progression-free
survival (PFS) rates. Recurrence was diagnosed if a new
lesion was detected on a follow-up MRI scan. We excluded
30 patients because of inadequate data in their records on their
disease history. The median follow-up was 25 months (15
patients after 2010, 111 patients before 2010). Further, the
follow-up time was about 6 months to 8 years for the atypical
group and 3months to 5 years for the malignant meningiomas.
Symptoms and signs were recorded for outcome analysis.

The criteria for postoperative radiotherapy were carried out
by the pathology of the patients with operation excision de-
gree. For malignant meningiomas, the number of patients with
Simpson grade I–II who received TR was 25 and 26 cases
underwent radiotherapy. Among the patients with atypical
meningiomas, the number of patients with Simpson grade I–
II who received TR was 72 and 40 cases received
radiotherapy.

Statistical analysis

The statistical analysis was performed with SPSS 17.0 soft-
ware for Windows (SPSS Inc, Chicago, IL, USA). The differ-
ences in clinical parameters between groups were analyzed by
Kruskal–Wallis and chi-square tests. The univariate Cox sur-
vival analysis was used to compare different survival func-
tions according to clinical factors (gender, age, tumor location,
symptom, KPS, primary or secondary lesion, pathology grade,
tumor size, cleavability, skull invasion, etc.) and therapeutic
factors (Simpson grade, with or without radiotherapy). OS and
PFS rates were calculated after the operations. Multivariate
Cox survival analysis was achieved by the forward log–rank
test. Differences were considered significant at p<0.05.

Results

Patient and tumor characteristics

Our study included 126 patients, 37 with malignant meningi-
omas and 89 with atypical meningiomas. The clinical and
therapeutic characteristics are shown in Table 1. There were
significant differences between the two groups in patient age,

KPS score, presence of primary tumor, tumor size, and radio-
therapy (p<0.05). The mean age of patients with atypical
meningiomas was 53.3 years which was older than the pa-
tients (50.8 years) in the malignant group (p<0.01). The
atypical group had a higher KPS score with a median of 90
(range, 50–100) than the malignant group which had a median
of 80 (range, 30–70) (p<0.01). In the atypical group, 78
(87.6 %) patients presented with primary lesions, which was
significantly different from the malignant group in which 14
(37.8 %) of the patients had primary tumors (p<0.01). Tumor
size was described by the maximum diameter. The malignant
group had a mean maximum diameter of 6.37 cm which was
significantly larger than the mean maximum diameter of
5.95 cm in the atypical group (p=0.026). Twenty-six patients
in the malignant group underwent postoperative radiotherapy
compared with 40 patients in the atypical group (p=0.01). The
patients underwent postoperative radiotherapy as aforemen-
tioned criteria. There were no significant differences in sex,
tumor location, symptoms, cleavability, skull invasion, or
multi-occupation between the two groups (p>0.100).
Seventy-two (80.9 %) patients in the atypical group had total
resection compared with 25 (67.5 %) patients in the malignant
group (p>0.01).

Analysis of the malignant group

The malignant group included 37 patients (19 males and 18
females) with a mean age of 50.8 years (range, 16–71 years)
(Table 2). The mean PFS was 27.2 months (range, 1–
94 months; 95 % confidence interval (CI), 14.8–39.5). The
1-, 2-, and 5-year PFS rates were 54.4, 38.6, and 12.1 %,
respectively. Twenty-six patients received the adjunctive ra-
diotherapy after surgery, and 15 (57.7 %) of them relapsed.
Eleven patients did not receive the adjunctive radiotherapy,
and nine (81.8 %) of these patients relapsed. The PFS of the
patients who received postoperative radiotherapy was longer
than that of those who did not receive radiotherapy (hazard
ratio (HR), 0.410; p=0.039). Patients with bone invasion had
a threefold risk of recurrence (HR, 3.108; p<0.01). A second-
ary tumor was much more likely to relapse than a primary
tumor; the increased risk was threefold (HR, 3.289; p=0.015).
However, patients with noncleavable tumors had a 61.7 %
lower risk of progression compared with patients who had
cleavable tumors (HR, 0.383; p=0.038). Fourteen out of 17
patients with noncleavable tumors (82.4 %) received the ad-
junctive radiotherapy after surgery, and 12 out of 20 patients
with cleavable tumors (60 %) also received the adjunctive
radiotherapy after surgery. The results showed that five pa-
tients relapsed in the noncleavable group and ten patients
relapsed in the cleavable group. The mean OS was
40.9 months (range, 2–94 months; 95 % CI, 27.5–54.4). The
1-, 2-, and 5-year survival rates were 81.7, 59.7, and 19.9 %,
respectively. The OS rates of patients on radiotherapy, bone
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invasion, or secondary tumor had much significance with PFS
rates (p<0.05). Nine of the 12 patients with STR relapsed,

whereas 15 of the 25 patients with TR relapsed (p>0.05).
However, the patients who had STR showed a decline in PFS

Table 1 Clinical characteristics of 126 cases of atypical and malignant meningiomas

Clinical characteristics All Atypical Malignant p value
Parameter n=126, n (%) n=89, n (%) n=37, n (%)

Sex (female) 65 (51.6 %) 47 (52.8) 18 (48.6) 0.670

Age Range, 7–73 Range, 7–73 Range, 16–71 0.000

Mean, 52.6 Mean, 53.3 Mean, 50.8

Median, 53 Median, 53 Median, 53

Location 0.980

Parasagittal–falcine 31 (24.6) 21 (23.6) 10 (27.0)

Convexity 49 (38.9) 34 (38.2) 15 (40.5)

Base 34 (30.0) 30 (33.7) 4 (10.8)

Other 12 (9.5) 4 (4.5) 8 (21.6)

Symptom 0.172

Paresis 27 (21.4) 16 (18.0) 11 (29.7)

Headache 42 (33.3) 29 (32.6) 13 (35.1)

Epilepsy 20 (15.9) 17 (19.1) 3 (8.1)

Visual loss 22 (17.5) 16 (18.0) 6 (16.2)

Other 25 (19.8) 11 (12.3) 4 (10.8)

KPS (preoperation) Range, 30–100 Range, 50–100 Range, 30–70 0.000

Mean, 82.0 Mean, 83.9 Mean, 76.9

Median, 80 Median, 90 Median, 80

Simpson (I–II) 97 (77.0) 72 (80.9) 25 (67.6) 0.105

Primary tumor 92 (73.0) 78 (87.6) 14 (37.8) 0.000

Size (max diameter, cm) Range, 1.5–10.0 Range, 2.5–10.0 Range, 1.5–10.0 0.026

Mean, 6.0 Mean, 5.95 Mean, 6.37

Noncleavable 43 (34.1) 26 (29.2) 17 (45.9) 0.113

Bone invasion (present) 33 (26.2) 27 (30.3) 6 (16.2) 0.101

Multi-occupation (present) 12 (9.5) 7 (7.9) 5 (13.5) 0.333

Radiotherapy (present) 66 (52.3) 40 (44.9) 26 (70.2) 0.010

Bold p values are statistically significant; (%) is the percentage of the proportion in this group

Table 2 Univariate Cox survival
analysis (malignant group) Variable clinical and treatment factors Progression-free survival Overall survival

HR (95 % CI) p value HR (95 % CI) p value

Sex (female vs male) 0.984 (0.441–2.196) 0.968 1.830 (0.619–5.404) 0.274

Age (≥55 vs <55 years) 0.787 (0.310–1.994) 0.613 0.327 (0.074–1.454) 0.142

Location 0.410 (0.139–1.210) 0.106 0.657 (0.184–2.343) 0.517

Symptom 0.618 (0.253–1.511) 0.291 0.635 (0.202–1.990) 0.435

KPS (≥80 vs <80) 0.995 (0.423–2.267) 0.991 1.669 (0.515–5.402) 0.393

Secondary vs primary 3.289 (1.265–8.552) 0.015 4.752 (1.336–16.9) 0.016

Size (<5.5 vs ≥5.5 cm) 0.772 (0.337–1.766) 0.540 0.867 (0.277–2.710) 0.806

Simpson (I–II vs III–IV) 2.138 (0.885–5.168) 0.091 0.580 (0.163–2.062) 0.400

Noncleavable vs cleavable 0.383 (0.155–0.948) 0.038 0.213 (0.060–0.761) 0.017

Bone invasion 3.108 (1.096–8.812) 0.003 5.040 (1.193–21.287) 0.028

Multi-occupation 1.359 (0.503–3.672) 0.546 3.059 (0.988–9.469) 0.052

Radiation therapy 0.410 (0.176–0.955) 0.039 0.175 (0.051–0.603) 0.006
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(HR, 1.630; p=0.654). Other factors such as gender, age,
tumor location, symptoms, KPS score, and tumor size dem-
onstrated no significant difference between the PFS and OS
rates (p>0.05). On multivariate analysis (Table 4), adjunctive
radiotherapy was a beneficial factor for the OS rate (HR,
0.151; p<0.01). Patients with multi-occupation had a lower
OS rate than the patients without multi-occupation (HR,
3.775; p=0.026). The only parameter that influenced PFS
was the presence of a primary or secondary tumor. Patients
with secondary tumors had a much shorter PFS than those
with primary tumors (HR, 3.289; p=0.015).

Analysis of the atypical group

The atypical group included 89 patients with a mean age of
53.3 years (range, 7–73 years) (Table 3). The mean PFS was
72.6 months (range, 2–102 months; 95 % CI, 61.8–83.4). The
1-, 2-, 5-, and 8-year PFS rates in this group were 82.9, 74.5,
67.5, and 47.6 %, respectively. Female patients had a twofold
increased risk of recurrence (HR, 2.361; p=0.044). Patients
with paresis were muchmore likely to relapse than the patients
with other symptoms (HR, 2.524; p=0.028). Patients with
secondary atypical meningiomas showed a threefold in-
creased risk of recurrence (HR, 2.948; p=0.012). A KPS score
of more than 80 presented longer PFS compared with that less
than 80 (HR, 0.458; p=0.074). There was no significant
difference in the median PFS between the patients with TR
and those with STR (HR, 1.551; p=0.356). The 1-, 2-, 5-, and
8-year OS rates in the atypical group were 97.1, 93.6, 89.1,
and 89.1 %, respectively. The mean OS in this group was
96.6 months (range, 10–107 months; 95% CI, 89.4–103.9). A
KPS score of more than 80 was related to OS (HR, 0.094;
p<0.01). The TR group had longer OS than the STR group
(HR, 6.055; p=0.021). For other factors such as age, tumor
location, size, noncleavable tumor, bone invasion, multi-
occupation, and radiotherapy, there was no significant differ-
ence between PFS and OS (p>0.05). On multivariate analysis
(Table 4), patients with paresis had a lower PFS rate than
patients with other symptoms (HR, 3.098; p=0.010). The
factor of secondary tumor was related to poor PFS (HR,
3.526; p<0.01). Only KPS score might influence OS and that
of more than 80 was a beneficial factor for OS (HR, 0.096;
p<0.01).

Discussion

The existence of malignant and atypical meningiomas has
been recognized since 1938, when Cushing and Eisenhardt
reported a variant of meningioma in patients with a mean
survival time of 2.5 years [17]. Since that time, the treatment
of malignant and atypical meningiomas has been associated

with high recurrence. In this retrospective study, we were able
to identify clinical features that predict the progression and
clinical outcome of atypical or malignant meningiomas. We
found that patients with atypical meningiomas have longer
PFS and OS than the patients with malignant meningiomas
(p<0.01) (Fig. 1). Patients with the symptom of paresis in the
atypical group had a lower PFS rate than the patients in that
group with other symptoms (p=0.010). Patients with second-
ary tumors in the malignant group had a much lower PFS rate
than patients in that group with primary tumors. In the atypical
group, a KPS score of more than 80 was related to good
prognosis (p<0.05), but that was poor in the malignant group
(p>0.05). Statistics from our results showed that the female
relapse rate was two times the male relapse rate, and it was not
clear whether gender and estrogen in the occurrence of me-
ningiomas had an important role. This needed a lot of data to
prove. Other factors such as tumor location, symptoms,
cleavability, bone invasion, and multi-occupation had no sig-
nificant difference between the two groups (p>0.100).
Among these, the location of the tumor showed no difference
between the two groups (p=0.98). It does not mean that the
resection rate has some relationship between them (80.9 % in
the atypical group vs 67.5 % in the malignant group). One
reason is that an atypical tumor in the brain is more excisable
than a malignant tumor in the same location. And, for the
malignant tumor, it invades the brain more than the atypical
one, so the surgical resection becomes more difficult. Palma
et al. reported a group of recurrent meningioma patients (42
with grade II and 29 with grade III) who received adjuvant
radiotherapy. The overall survival rate at 10 years was 79 and
34 % for patients with atypical and malignant meningiomas,
respectively (p<0.01); median recurrence-free survival was
11.9 and 2 years, respectively (p<0.01) [12]. However, pa-
tients with atypical meningiomas had a poor prognosis, with a
median survival time of less than 2 years [9]. In our study, we
found that patients with malignant meningiomas had worse
overall survival rate than patients with atypical meningiomas.

Operation should be the first choice for the treatment of
atypical or malignant meningiomas. Many studies have
shown that total resection might lead to a higher local control
rate than subtotal resection for benign and malignant menin-
giomas [6]. Jaaskelainen et al. reported that the recurrence rate
of meningiomas for Simpson grade II was double that for
grade I [7]. So, they suggested that gross total resection could
be a good prognosis for the Simpson grade I resection. In our
study, complete resection had some relationship with patients’
outcome. In the malignant group, the STR patients showed a
tendency for lower PFS rate. The median PFS of the TR group
had no significant difference with that of the STR group for
atypical meningiomas. But, the TR group had a longer OS
than the STR group. Palma and his colleague reported that
radical excision was significantly related to prolonged surviv-
al on multivariate analysis (p<0.01) [12]. Goyal et al. also
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concluded that patients with TR had a longer OS and PFS than
patients with STR (p=0.02). Therefore, they recommended a
total resection to prolong the survival period [5].

For STR, adjuvant radiotherapy is required after surgery
[2]. It is well known that postoperative radiotherapy is the
common treatment for patients with atypical meningiomas to
improve the survival rate [6]. Some authors have suggested
that radiotherapy is also a necessary supplementary treatment
for malignant meningiomas regardless of the extent of resec-
tion [4, 11]. In our analysis, the malignant group showed good
prognosis with radiotherapy after surgery (p<0.05). But, for
the atypical group, radiotherapy produced no significant dif-
ference between PFS and OS (p>0.05) (Fig. 2). Subtotal
resection of atypical meningiomas should follow with adju-
vant radiotherapy [11]. However, it does not apply to the TR
group of atypical meningioma [10]. Modha and Gutin report-
ed that patients with TR for atypical meningiomas should
receive radiotherapy whether there was bone invasion or not.
In our study, there was no significant difference between PFS
and OS after radiotherapy for the atypical group (p>0.05).

There is controversy over whether bone or brain invasion
should be considered in the classification of meningiomas
[16]. Sindou et al. reported that meningiomas were classified
as noncleavable when pial invasion was observed by the
surgeon and cleavable when dissection in the extrapial plane
was performed [15]. They studied 150 consecutive patients
with intracranial meningiomas. Dissection between tumor and
underlying cortex was achieved in the extrapial plane predom-
inantly in only 54.6 % of patients. The other nearly half of the
patients with pial and bone invasion had noncleavable menin-
giomas. However, from our analysis, the noncleavable cases
showed a lower risk of progression than the cleavable cases in
the malignant group. Perhaps radiotherapy plays a positive
role on the PFS of patients with malignant meningiomas,
whether it is cleavable or noncleavable (HR=0.410; p=
0.039). Although bone or pial invasion has not become a
classification criterion, the recurrence rate should be consid-
ered for atypical or malignant meningiomas [14, 17]. Ho et al.
reported that bone invasion was an adverse prognostic factor
for atypical meningiomas (p<0.01) [3]. Though we did not

Table 3 Univariate Cox survival analysis (atypical group)

Variable clinical and treatment factors Progression-free survival Overall survival

HR (95 % CI) p value HR (95 % CI) p value

Sex (female vs male) 2.361 (1.023–5.449) 0.044 3.182 (0.611–16.573) 0.169

Age (≥55 vs <55 years) 0.960 (0.410–2.250) 0.926 1.444 (0.322–6.474) 0.631

Location 1.942 (0.848–4.447) 0.116 0.623 (0.073–5.331) 0.665

Symptom (paresis vs others) 2.524 (1.103–0.776) 0.028 3.684 (0.743–18.270) 0.110

KPS (≥80 vs <80) 0.458 (0.195–1.078) 0.074 0.094 (0.018–0.496) 0.005

Secondary vs primary 2.948 (1.274–6.822) 0.012 0.569 (0.067–4.855) 0.606

Size (<5.5 vs ≥5.5 cm) 0.605 (0.247–1.478) 0.270 0.244 (0.029–2.037) 0.193

Simpson (I–II vs III–IV) 1.551 (0.611–3.938) 0.356 6.055 (1.306–28.083) 0.021

Noncleavable vs cleavable 1.178 (0.512–2.706) 0.700 2.490 (0.555–11.168) 0.234

Bone invasion 0.704 (0.263–1.889) 0.486 1.441 (0.264–7.881) 0.673

Multi-occupation 0.471 (0.063–3.494) 0.041 (0.000–2,705.642) 0.573

Radiation therapy 0.722 (0.315–1.656) 0.442 1.111 (0.243) 0.892

Table 4 Multivariate Cox survival analysis

Clinical factors Progression-free survival Overall survival

HR (95 % CI) p value HR (95 % CI) p value

Malignant meningioma (n=37) Secondary vs primary 3.289 (1.265–8.552) 0.015 – –

Multi-occupation – – 3.775 (1.176–12.122) 0.026

Radiation therapy – – 0.151 (0.043–0.535) 0.003

Atypical meningioma (n=89) Symptom 3.098 (1.318–7.284) 0.010 – –

Secondary vs primary 3.526 (1.477–8.418) 0.005 – –

KPS (≥80 vs <80) – – 0.096 (0.016–0.506) 0.006

– There is no multivariate related factor
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find significant difference, it also seemed that cleavable and
skull invasion were adverse prognostic factors in the atypical
group. If the tumor is cleavable with local invasion, we would
advise patients to undertake radiotherapy after operation for
the atypical lesion. It would improve the prognosis by our
statistics.

According to WHO Classification 2000, atypical me-
ningiomas (grade II) present at least four mitotic figures
per 10 high-power fields, and malignant meningiomas
(grade III) present frank histological malignancy or 20
mitotic figures per 10 high-power fields [13]. So, when
the mitosis is closer to 20 per 10 high-power fields, it
may reflect more aggressive tumor biology compared to
low mitosis in atypical meningiomas [1]. Perry et al.
summarized different studies of mean MIB-1 LI (label

index) and reported a range of 2.1 to 9.3 % for atypical
meningiomas and 11.0 to 16.3 % for malignant menin-
giomas [14]. They suggested 10 % of MIB-1 LI as the
cutoff point for atypical and malignant meningiomas.
And, they suggested an MIB-1 LI of 4 % as the appro-
priate threshold for atypical meningiomas [8]. In our
study, we did not obtain the same results as reported in
the literature. This should be further explored.

In conclusion, atypical and malignant meningiomas
are difficult to treat as demonstrated by high recurrence
and mortality rates. It is important to resect the tumor
totally because a secondary tumor is much more likely
to relapse than a primary tumor for atypical and ma-
lignant meningiomas. Patients with malignant meningi-
omas should receive radiotherapy immediately after

Fig. 1 This shows that the pathology of the meningioma can influence prognosis. Overall survival rate (a) and progression-free survival rate (b) were
obviously longer for the atypical meningioma group than the malignant meningioma group (p<0.01)

Fig. 2 The PFS rate of prognosis with radiotherapy for the malignant
meningioma group and the atypical meningioma group. a There was a
significant difference between the radiotherapy group and non-radiother-
apy group with regard to prognosis of the PFS rate in the malignant group

(p=0.039); b there was no significant difference between the non-radio-
therapy group and radiotherapy group for the prognosis of PFS rate in the
atypical group (p=0.422). PFS progression-free survival, RT radiothera-
py, NRT none radiotherapy
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surgery regardless of the extent of resection. But, for
atypical meningiomas, the symptoms, KPS score, and
primary or secondary lesion should be evaluated before
radiotherapy. Moreover, further prospective studies
should be carried out to analyze the influence of post-
operative radiotherapy for atypical and malignant
meningiomas.
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Comments

Hoi Sang, San Diego, USA
In this manuscript, the authors describe their experience with 89

atypical and 37 malignant meningioma treatments with surgical excision
(total excision in 97 patients) with some followed by postoperative
irradiation (66 patients). These patients were followed clinically for 2 to
8 years. The conclusions of the study are the following: (1) patients with
secondary tumors have a much shorter progression-free survival (PFS)
than those with primary tumors in the malignant group, (2) the malignant
meningioma patients had a reduced overall survival, and (3) PFS in
patients with malignant meningiomas who received postoperative radio-
therapy is longer than those who did not receive radiotherapy.

This study is based on the experience of one of the most busy
neurosurgical departments in China and is therefore worthy of note. With
the detailed analysis of this extensive experience, this manuscript adds
further to our knowledge of the natural history of atypical and malignant
meningiomas especially in their need for and response to radiotherapy.
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