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prognoses, but neither clinical courses nor pathologic and ra-
diologic characteristics of rhabdoid or papillary meningiomas 
are known due to low incidences1).

In this study, meningiomas with rhabdoid or papillary com-
ponents were divided into two groups, those with and without 
predominant rhabdoid or papillary components. We analyzed 
clinical, radiologic, and pathologic findings in patients with 
meningiomas with and without predominant rhabdoid or pap-
illary components and compared those findings to those for 
anaplastic meningiomas.

MATERIALS AND METHODS

Clinical characteristics
Twenty-five patients were diagnosed with malignant menin-

INTRODUCTION

Meningiomas are the most common type of primary intracra-
nial or spinal tumors10). The majority of meningiomas are be-
nign, with malignant meningiomas comprising only 1 to 2% of 
all diagnoses. In the current World Health Organization (WHO) 
criteria, benign meningiomas are recognized by their histologic 
subtype and lack of anaplastic features10). WHO grade III malig-
nant meningiomas have rhabdoid or papillary subtypes, histo-
logical features of frank malignancy resembling that of carcino-
mas, melanomas, or high-grade sarcomas, or 20 or more mitoses 
per 10 high-power fields (HPFs)10). 

Meningiomas with rhabdoid or papillary components are ag-
gressive clinically and biologically, leading to high mortali-
ty4,6,8,15). All patients with malignant meningiomas have poor 
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PFS was calculated from the date of surgery to the date of radio-
logical progression or last follow-up visit, and OS was calculated 
from the date of surgery to the date of death or last follow-up. 
We calculated survival probability using the Kaplan-Meier 
method and performed comparisons using the log-rank test. We 
examined all variables using the Cox proportional hazard anal-
ysis to identify independent predictors of survival. All statistical 
analyses were performed at a significance level of p<0.05 using 
the statistical package SPSS 21.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Radiologic findings, extent of tumor removal, 
and adjuvant treatment

The clinical characteristics are summarized in Table 1. 
Among the 14 group A anaplastic meningiomas, the mean 

tumor size was 4.1 cm (range, 1.1–8.8 cm). The mass was in the 
convexity in 6 patients, in the parasagittal area in 4 patients, at 
the sphenoid ridge in 3 patients, and at the jugular foramen in 1 
patient. Three patients had mild peri-tumoral edema, 6 patients 
moderate edema and 2 patients severe edema. Tumors were 
well-circumscribed in 13 of 14 patients. T2WI signal intensity 
was low for 4 tumors, iso for 5 tumors, and high for 5 tumors, 
with 9 tumors having homogenous enhancement and 5 having 
heterogeneous enhancement. Among the 5 group B1 meningi-
omas with ≥50% rhabdoid or papillary component, the mean 
size of tumor was 2.9 cm (range, 0.7–5.7 cm). The mass was in 
the convexity in 3 patients, in the parasagittal area in 1 patient, 
and periventricular in 1 patient. Peri-tumoral edema was pres-
ent in 4 of 5 patients (1 mild, 2 moderate, and 1 severe), and 4 
of the 5 tumors were well-circumscribed. The T2WI signal was 
low for 2 tumors, iso for 1 tumor, and high for 2 tumors, with 2 
tumors having homogenous enhancement and 3 having hetero-
geneous enhancement. Among the 6 group B2 meningiomas 
with <50% rhabdoid or papillary component, the mean tumor 
size was 3.15 cm (range, 2.1–4.4 cm). The mass was in the con-
vexity in 3 patients, in the parasagittal area in 1 patient, in the 
periventricular in 1 patient, and in the olfactory groove in 1 pa-
tient. There was peri-tumoral edema in 5 of 6 patients (mild in 
3, moderate in 1, and severe in 1). Tumors were well-circum-
scribed in 6 patients. The T2WI signal intensity was low for 2 
tumors, iso for 1 tumor, and high for 3 tumors. Four of the tu-
mors had homogenous enhancement, and 2 had heterogeneous 
enhancement. 

Gross total resections, which were Simpson grades I and II, 
were achieved in 24 (grade I, n=18; grade II, n=6) of the total 25 
patients (96%). The remaining patient (n=1) had a Simpson 
grade III resection. The post-operative ECOG PS scores were 0 
in 8 patients, 1 in 8 patients, 2 in 7 patients, and 3 in 2 patients. 
Post-operative complications included the low cranial nerve 
symptoms of swallowing difficulty in 1 patient, seizures in 1 pa-
tient, hemiparesis in 2 patients, and cerebrospinal fluid leakage 
in 2 patients.

giomas from 1994 to June 2013. This retrospective study was 
approved by our institutional review board (IRB No: CNUHH- 
2015-100), and the need for written informed consent was 
waived. Pathologic diagnoses, according the WHO classifica-
tion, were anaplastic meningioma (n=14), meningioma with a 
rhabdoid component (n=6), and meningioma with a papillary 
component (n=5)10). The meningiomas with a rhabdoid or pap-
illary component (total=11) were further divided into meningi-
omas with a predominant (≥50%) rhabdoid (n=2) or papillary 
(n=3) component and meningiomas without a predominant 
(<50%) rhabdoid (n=4) or papillary (n=2) component. In total, 
all patients were divided into three groups. Group A patients 
had anaplastic meningiomas. Patients with meningiomas con-
taining a predominant (≥50%) papillary or rhabdoid compo-
nent were in group B1, and patients with meningiomas not 
containing a predominant (<50%) rhabdoid or papillary com-
ponent were in group B2. 

The mean age of the patients was 52.9 years (range, 20–74 
years), and there were 15 women and 10 men. The mean symp-
tom duration was 3.4 months (range, 0.1–12 months). The 
main clinical symptoms included headache in 12 patients, nau-
sea and vomiting in 3 patients, seizures in 4 patients, altered 
mental state in 4 patients, hemiparesis in 1 patient, and visual 
disturbance in 1 patient. The Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) scale (0 to 3) was used 
to assess patients before and after surgery14). Pre-operative ECOG 
PS scores were 0 in 8 patients, 1 in 8 patients, 2 in 7 patients, and 
3 in 2 patients.

Pre-operative magnetic resonance imaging (MRI) was per-
formed with gadolinium enhancement. Lesions were classified 
according to size, location, severity of peri-tumoral edema 
(none, mild, moderate, or severe), shape of tumor (well circum-
scribed or mushroom pattern), signal intensity (low, iso, or 
high) on T2-weighted images (T2WI), and enhancement pat-
tern (homogeneous or heterogeneous). Mild peri-tumoral ede-
ma measured less than half of the longest tumor diameter on 
the axial view; moderate edema measured more than half, but 
less than twice and severe edema measured more than twice.

The extent of tumor removal was estimated by the Simpson 
grading system and was primarily determined according to the 
judgment of the neurosurgeons. The extent of tumor removal 
was validated by reviewing post-operative gadolinium-en-
hanced computed tomography scans16). After surgery, patients 
underwent follow-up gadolinium-enhanced MRI every 6 
months. New lesion development or remnant mass enlarge-
ment was considered recurrence.

Statistical methods
We defined the mean range as the follow-up length and de-

termined the effects of single variables on progression-free sur-
vival (PFS) and overall survival (OS) via univariate and multi-
variate analyses. The variables were radiologic parameters, 
extent of removal, pathologic subtype, and adjuvant treatment. 
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Among group A patients (n=14), Simpson grade I resection 
was achieved in 10 patients, and grade II resection was achieved 
in 4 patients. All 14 patients in this group received adjuvant ra-
diotherapy (mean dose, 54.2 Gy; range, 36.0–60.0 Gy). Among 
group B1 patients (n=5), Simpson grade I resection was achieved 
in 4 patients, and grade III resection was achieved in 1 patient 
because of tumoral adhesion to cranial nerves. Three of 5 pa-
tients received post-operative radiotherapy (mean dose, 53.3 
Gy; range, 50.4–59.4 Gy). Two patients refused radiotherapy 
because of their old age. Among group B2 patients (n=6), Simp-
son grade I resection was achieved in 4 patients, and grade II 
resection was achieved in 2 patients. Two patients received ad-
juvant radiotherapy (mean dose, 52.2 Gy; range, 50.4–54.0 Gy) 
because of atypical meningioma in the non-rhabdoid/papillary 
portion. 

Progression-free survival and overall survival
Among all 25 patients with meningiomas, the mean follow-

up duration was 72.5 months (range, 5.6–214.9 months). The 
mean PFS was 49.9±12.1 months, and the mean OS was 59.7± 
16.8 months. 

With respect to radiologic tumor characteristics (Table 1), 
homogenous enhancement was associated with better PFS 
(172.3±26.8 months) than heterogeneous enhancement (48.4± 
10.3 months) (p=0.025) (Fig. 1A), and patients with tumors 
with heterogeneous enhancement had poorer PFS compared to 
patients with tumors with homogeneous enhancement by mul-
tivariate analysis (hazard ratio : 18.432, 95% confidence interval, 
1.723–198.195, p=0.016).

Based on pathologic subtypes, the mean PFS was 134.9±31.6 
months for group A patients, 46.64±13.4 months for group B1 

Table 1. Clinical characteristics of groups A, B1, and B2

Clinical characteristics Group A : 
Anaplastic (n=14)

Group B1 : ≥50% 
Rhabdoid/ Papillary (n=5)

Group B2 : <50% 
Rhabdoid/Papillary (n=6)

PFS 
(p-value)

OS 
(p-value)

Location
Convexity 6 (42.8%) 3 (60.0%) 3 (50.0%)
Parasagittal area 4 (28.6%) 1 (20.0%) 1 (16.7%)
Sphenoid ridge 3 (21.4%)
Jugular foramen 1 (7.2%)
Periventricular area 1 (20.0%) 1 (16.7%)
Olfactory groove 1 (16.7%)

Edema 0.780 0.879
None to mild 6 (42.8%) 2 (40.0%) 4 (66.7%)
Moderate to severe 8 (57.2%) 3 (60.0%) 2 (33.3%)

Margin shape 0.783 0.950
Well-circumscribed 13 (92.8%) 4 (80.0%) 6 (100%)
Mushroom 1 (7.2%) 1 (20.0%)

Signal intensity on T2WI 0.275 0.988
Iso to low 9 (64.2%) 3 (60.0%) 3 (50.0%)
High 5 (35.8%) 2 (40.0%) 3 (50.0%)

Enhancement 0.025* 0.114
Homogenous 9 (64.2%) 2 (40.0%) 4 (66.7%)
Heterogeneous 5 (35.8%) 3 (60.0%) 2 (33.3%)

Size 0.621 0.341
<3 cm 5 (35.7%) 1 (20.0%) 4 (66.7%)
3–6 cm 6 (42.8%) 4 (80.0%) 2 (33.3%)
≥6 cm 3 (21.5%)

Simpson grade 0.877 0.585
I 10 (71.4%) 4 (80.0%) 4 (66.6%)
II 4 (28.6%) 2 (33.3%)
III 1 (20.0%)

Dosage of adjuvant radiotherapy (Gy) 14 (100%) 3 (60%) 2 (33.3%) 0.503 0.497
Mean 54.2 (36.0–60.0) Mean 53.3 (50.0–59.4) Mean 52.2 (50.4–54.0)

Mean progression-free survival (months) 134.9±31.6 46.6±13.4 118.7±19.2 0.514
Mean overall survival (months) 138.5±24.6 59.7±16.8 - 0.215
*Statistically significant. PFS : progression-free survival, OS : overall survival, T2WI : magnetic resonance T2-weighted image
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patients, and 118.7±19.2 months for group B2 patients (p=0.514) 
(Fig. 1B).

The mean OS was 138.5±24.6 months for group A patients 
and 59.7±16.8 months for group B1 patients. There was the dif-
ferent OS between group B1 and B2 patients without statistical 
significance (p=0.05) (Fig. 1C).

World Health Organization pathologic classification 
and clinical course of meningiomas with a rhabdoid 
or papillary component

Pathologic and clinical information is summarized in Table 2, 3.
Eleven of 25 meningiomas had a rhabdoid or papillary com-

ponent. Five of these 11 meningiomas had ≥50% rhabdoid or 

Table 2. Pathologic and clinical analyses of meningiomas with rhabdoid or papillary components : group B1*

Age /Sex
Rhabdoid/Papillary Non-Rhabdoid/Papillary OP RT Recur Expire

Percentage (%) Mitosis Ki-67 WHO Gr Mitosis Ki-67 Simpson Gr Y/N Y/N 
(months)

Y/N 
(months)

56/F 70% rhabdoid 2/10 HPF 2–3% Grade I 0/10 HPF <1% I Y : 50.4 Gy N N
20/M >95% rhabdoid - -  I Y : 59.4 Gy Y (2.1) Y (6.5)
68/F 80% papillary 4–5/10 HPF 3–5% Grade II 4–5/10 HPF 10–12% I N Y (18.7)† Y (73.0)
74/F 70% papillary 4–5/10 HPF 1–2% Grade II 4–5/10 HPF 1–2% I N N N
67/F 60% papillary <1/10 HPF 3–5% Grade I <1/10 HPF 1–2% III Y : 50.0 Gy N N

*≥50% rhabdoid or papillary component (n=5), †Biopsy after recurrence : meningioma with mostly papillary components. WHO : World Health Organization, OP : opera-
tion, RT : radiotherapy, Y/N : yes/no

Table 3. Pathologic and clinical analyses of meningiomas with rhabdoid or papillary components : group B2*

Age /Sex
Rhabdoid/Papillary Non-Rhabdoid/Papillary OP RT Recur Expire

Percentage (%) Mitosis Ki-67 WHO Gr Mitosis Ki-67 Simpson Gr Y/N Y/N 
(months)

Y/N 
(months)

68/M 5% rhabdoid 0/10 HPF <1% Grade I 0/10 HPF 1–2% I N N N
74/M 30% rhabdoid <1/10 HPF 1–3% Grade I <1/10 HPF 1–3% II N N N
71/F 10% rhabdoid <1/10 HPF <1% Grade I <1/10 HPF <1% II N N N
58/M 20% rhabdoid 0/10 HPF <1% Grade I <1/10 HPF 1–2% I N N N
74/F 5% papillary <1/10 HPF <1% Grade II 4–5/10 HPF 2–3% I Y : 50.4 Gy Y (51.9)† N
49/F 20% papillary 4–5/10 HPF 2–3% Grade II 4–5/10 HPF 2–3% I Y : 54.0 Gy N N

*<50% rhabdoid or papillary component (n=6), †Biopsy after recurrence : atypical meningioma without a papillary component. WHO : World Health Organization, OP : 
operation, RT : radiotherapy, Y/N : yes/no

Fig. 1. Variables predicting progression-free survival and overall survival. A : Homogenous enhancement was associated with better PFS (172.3±26.8 
months) than heterogeneous enhancement (48.4±10.3 months; p=0.025). B : The mean PFS was 134.9±31.6 months for patients with group A ana-
plastic meningioma, 46.6±13.4 months for those who had group B1 meningiomas with ≥50% papillary or rhabdoid components (group B1), and 
118.7±19.2 months for those who had group B2 meningiomas with <50% rhabdoid or papillary components (p=0.514). C : The mean OS was 
138.5±24.6 months for patients with group A anaplastic meningiomas and 59.7±16.8 months for those with group B1 meningiomas having ≥50% 
papillary or rhabdoid components. There was the different OS (p=0.05 for group B1 ≥50% papillary or rhabdoid components compared to group B2 
<50% rhabdoid or papillary components).  PFS : progression-free survival, OS : overall survival.

Homogeneous
Heterogeneous

Radiologic finding-enhancement

1.0

0.8

0.6

0.4

0.2

0.0

Cu
m

ul
at

iv
e p

or
gr

es
sio

n-
fre

e s
ur

vi
va

l

250200150100500

Months

A

Anaplastic (group A)
≥50% Rhabdoid/Papillary (group B1)
<50% Rhabdoid/Papillary (group B2)

Pathology

1.0

0.8

0.6

0.4

0.2

0.0

Cu
m

ul
at

iv
e p

or
gr

es
sio

n-
fre

e s
ur

vi
va

l

250200150100500

Months

B

Biopsy after recurrence : 
Atypical meningioma
without papillary
component

Anaplastic (group A)
≥50% Rhabdoid/Papillary (group B1)
<50% Rhabdoid/Papillary (group B2)

Pathology

1.0

0.8

0.6

0.4

0.2

0.0

Cu
m

ul
at

iv
e o

ve
ra

ll
su

rv
iv

al

250200150100500

Months

C



361

Meningiomas with a Rhabdoid or Papillary Component | JK Kim, et al.

papillary components (Group B1). Among these, the non-
rhabdoid or non-papillary component was WHO grade I in 2 
patients and grade II in 2 patients. One tumor was comprised 
mostly of rhabdoid components. Three of these 5 patients re-
ceived post-operative radiotherapy, and two patients refused 
adjuvant treatment. There were 2 disease-related deaths during 
follow-up. One patient whose tumor was mostly rhabdoid had 
tumor dissemination into the cerebrospinal fluid. Another pa-
tient whose tumor was mostly papillary component had local 
recurrence with distant metastases to the spine.

Among the 6 meningiomas with <50% rhabdoid or papillary 
components (Group B2), the non-rhabdoid or non-papillary 
tumor components were WHO grade I in 4 patients and grade 
II in 2 patients. Two patients with WHO grade II meningiomas 
underwent post-operative radiotherapy. One patient in this 
group experienced tumor recurrence, and the recurrent tumor 
was an atypical meningioma without a papillary component.

DISCUSSION

Most meningiomas are benign, and malignant meningiomas 
are uncommon. Because of low incidences, the clinical infor-
mation of malignant meningiomas is limited even though it is 
generally known that they have a poor prognoses compared to 
benign meningiomas. Malignant meningioma commonly oc-
curs in men and is located in the cerebral convexities11). Previ-
ously reported malignant meningioma radiologic characteristics 
include heterogeneous appearance, irregular cerebral surface, 
irregular borders (mushroom appearance), destruction of adja-
cent bone, and marked edema5,11,13). However, conventional MRI 
is not sufficient to discriminate between benign and malignant 
lesions18). In this study, the MRI finding of heterogeneous en-
hancement was noted in 10 of 25 cases, and it was associated 
with early recurrence. The histopathology of malignant menin-
gioma includes frank morphologic anaplasia, which is defined as 
>20 mitotic figures per 10 HPFs10). WHO classification high-
lights the increased malignant potential of rhabdoid and papil-
lary meningiomas, which are WHO grade III tumors10).

Papillary meningiomas are characterized by a dominant 
pseudopapillary pattern, and they usually exhibit brain inva-
sion, local or distant recurrence, and leptomeningeal dissemi-
nation7,10,20). Rhabdoid meningiomas have a rhabdoid morphol-
ogy in the background of other meningioma subtypes and 
usually develop early recurrence and leptomeningeal dissemi-
nation9,19). In the present study, one meningioma with a domi-
nant papillary component metastasized distantly to the spine, 
and one meningioma with a dominant rhabdoid component 
disseminated into the cerebrospinal fluid. To date, there have 
been few studies about rhabdoid and papillary meningiomas. 
Some authors have stated that WHO grade III meningiomas 
have predominant rhabdoid or papillary components, but this 
is controversial17). Here, we have focused on clinical course in 
relation to the dominance of rhabdoid or papillary components 

or the pathologic findings of non-rhabdoid or non-papillary 
components. 

Based on retrospective studies, adjuvant radiotherapy after 
resection of malignant meningiomas is recommended, and 
post-operative adjuvant radiotherapy is associated with in-
creased OS2,17,21). Conformal radiotherapy with dose escalation 
has shown a benefit for local control and survival in patients 
with malignant meningiomas, and it is important to identify 
WHO grade III tumors when making adjuvant treatment deci-
sions3,12). In this study, patients were divided into three groups 
depending on the pathology. Group A patients had anaplastic 
meningiomas. Patients with meningiomas containing a pre-
dominant (≥50%) papillary or rhabdoid component were in 
group B1, and patients with meningiomas not containing a pre-
dominant (<50%) rhabdoid or papillary component were in 
group B2. We recommended radiotherapy for group A and B1 
patients, and did not recommend radiotherapy for group B2. 
Four patients did not follow these recommendations. Two 
group B1 patients chose not to undergo post-operative radio-
therapy because of their advanced ages, and two group B2 pa-
tients received radiotherapy for atypical meningiomas of non-
rhabdoid/papillary lesion. The limitations of this study were the 
small number of patients and the short-term follow-up. How-
ever, we found that group A and B1 patients had similar prog-
noses, and group B2 patients had relatively more favorable 
prognoses. There were 2 recurrent tumors in group B1 patients 
in which the pathology of the recurrent tumors was the same as 
that of the original lesions. While in one recurrent group B2 tu-
mor, the recurrent tumor was an atypical meningioma without 
rhabdoid/papillary components. 

CONCLUSION

Meningiomas with ≥50% papillary or rhabdoid components 
(group B1) were more aggressive than those with <50% rhab-
doid or papillary components (group B2). In group B2 patients, 
the pathologic findings of non-rhabdoid/papillary portion could 
be considered when exploring further adjuvant treatment.
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