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Abstract
Purpose The aim of this study was to systematically analyze the clinical characteristics of a large cohort of parasagittal 
meningioma (PM) and to evaluate the patients’ outcomes and best treatment strategies based on tumor features.
Methods To minimize selection bias we performed a single-institutional review of PM with restricted criteria. One hundred 
and ninety-two consecutive patients who met criteria for inclusion were reviewed from 2003 to 2011 in our general hospital.
Results A total of 131 cases (68.2%) were with WHO grade I, while grade II and grade III PMs constituted 40 (20.8%) and 
21 cases (10.9%). Higher histological grade was associated with loss of trimethylation of H3K27 (P = 0.000). For WHO 
grade I PMs, GTR was significantly associated with a better PFS (P = 0.023); however, adjuvant radiotherapy did not benefit 
patients with STR (P = 0.215). For de novo high-grade (WHO grade II and III) PMs (n = 37), adjuvant radiotherapy was 
associated with a significantly longer OS (P = 0.013), while no difference was observed between GTR and STR (P = 0.654). 
In recurrent high-grade PM patients (n = 24), GTR combined with adjuvant radiotherapy increased PFS (P = 0.005).
Conclusions This study demonstrated that PMs were a heterogeneous group of tumors with a high proportion of high-grade 
tumors that often displayed aggressive clinical behaviors. Low-grade PM benefited from radical resection, whereas high-
grade de novo PM did not. Adjuvant radiotherapy significantly prolonged OS for high-grade primary PM, but did not impact 
survival of patients with subtotally resected low-grade tumors. Long-term outcome of high-grade recurrent PMs was dismal. 
We thus show that extent of tumor resection, tumor grade and tumor recurrent status inform therapeutic decisions for PMs.
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Abbreviations
PM  Parasagittal meningioma
PFS  Progression free survival
OS  Overall survival
CNS  Central nervous system
WHO  World Health Organization
KPS  Karnofsky performance score
GTR   Gross total resection
STR  Subtotal resection

Introduction

Parasagittal region is one of the most common locations of 
meningioma growth, accounting for 18–23% of all intracra-
nial meningiomas [1–3]. As suggested by its name, parasag-
ittal meningiomas (PMs) are those that fill the parasagittal 
angle, and without any brain tissue between the superior 
sagittal sinus and the tumor. Its essential association with 
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the superior sagittal sinus and drainage veins makes it dif-
ficult to achieve radical resection which may lead to lasting 
neurological deficits, especially when the tumor is located 
at the middle 1/3 and with superior sagittal sinus invasion. 
Treatment strategies for this special subtype tumor remain 
controversial, especially when regarding the extent of resec-
tion (EOR) and post-operative radiation therapy. Some neu-
rosurgeons hold that, whenever possible, an initial attempt 
of Simpson Grade I resection should be achieved, which 
can significantly prolong patients’ progression free survival 
(PFS). While others argue that since most tumors are benign 
in nature, with a WHO Grade I, patients can benefit more 
with a subtotal resection combined with a close follow-up 
[4–9]. The number of studies specifically investgeting par-
asagittal meningioma has been relatively small [10–13]. 
Most patient series reported previously are either with small 
patient numbers or short-term follow-up. Here we conducted 
a systematic analysis of the epidemiology, clinical features 
and long-term prognostic factors of PM treated and followed 
long-term at the east branch of our neurosurgical center with 
the goal to inform an optimal treatment strategy. To the best 
of our knowkedge, this cohort of patients with PM is the 
largest in scale to date, with long follow-up periods averag-
ing over 8 years.

Patients and methods

Patients population

A total of 192 patients with surgically treated PM were 
enrolled in our study. The inclusion criteria were: (1) 
Patients who received surgical resection of PM at the east 
campus of Huashan Hospital with intact clinical informa-
tion. (2) Pathologically diagnosed as meningioma accord-
ing to the newest WHO 2016 meninioma grading criterion. 
(3) Pre and postoperative T1WI enhanced MR images were 
available. (4) Follow-up data were available. Detailed clini-
cal information and follow-up data including age, gender, 
presenting symptoms, neurological functions, duration of 
symptoms, invasion of the sinus, tumor location, EOR were 
extracted from medical records for final analysis. The sagit-
tal location was classified as anterior, middle and posterior 
1/3, which was determined by the location of the main tumor 
body according to sagittal preoperative MR images. The 
EOR was evaluated based on surgical records according to 
the Simpson grading scale and confirmed with post-opera-
tive enhanced T1WI MRI reviewed by an experienced neuro-
radiologist (Dr. Hanqiu Liu) who was blinded to patients’ 
general information. Simpson Grade I–II resection was 
defined as gross total resection (GTR), while grade III–V 
resection was defined as sub-total resection (STR). Extent 
of tumor invasion to the sinus was evaluated according to the 

Sindou and Alvernia Classification [5]. Sindou and Alvernia 
Grade I was defined as minor sinus invasion, grade II–IV 
defined as middle sinus invasion, while grade V–VI regarded 
as major sinus invasion. Bone invasion was also recorded 
according to the surgical and pathological records.

Patient consent was not required since our study did not 
include any usage of personal information or collection of 
patient samples other than medical need. The study was 
approved by the Human Subjects Institutional Review Board 
at our hospital.

Immunohistochemistry

Immunohistochemistry was performed on 4-µm-thick for-
malin-fxed, parafn-embedded (FFPE) tissue sections. EMA, 
Vimentin and PR were used as a routine diagnostic marker 
after surgeries, and H3K27me3 staining was performed for 
research purpose. Detailed protocol of H3K27me3 staining 
was described previously [14]. Positive staining in less than 
50% of cells was considered negative.

Statistics

All analyses were performed with Stata 13.3 software (Stata-
Corp, College Station, TX). Continuous clinical features 
were summarized with descriptive analysis and analyzed 
with Student t test or Mann–Whitney U test, while categori-
cal variables were analyzed with either Pearson chi-square 
test or Fisher’s exact test. Log-rank test was applied for sur-
vival analysis. Covariates with a univariable P < 0.05 were 
included in the multivariable logistic regression model to 
determine factors that were independent for PFS and over-
all survival (OS) outcomes. Clinical factors considered 
for prognostic and functional outcome analysis included: 
age (< 60 years vs ≥ 60 years), gender (female vs male), 
WHO grade (low grade vs high grade), symptom duration 
(< 8 months vs ≥ 8 months), treatment status (de novo vs 
recurrent), preoperative neurological function (KPS < 80 vs 
KPS ≥ 80), Simpson resection grade (GTR vs STR), Ki-67 
index (< 3 vs ≥ 3), tumor sagittal location (anterior 1/3 vs 
middle 1/3 vs posterior 1/3) and histone H3K27 trimethyla-
tion (H3K27me3) (positive vs negative). P values less than 
0.05 were considered statistically significant.

Results

Patients characteristics

A total of 192 PM cases (110 females and 82 males) with 
detailed clinical information, radiological images and prog-
nostic data were enrolled for the final analysis. Among 
them, 131 cases were WHO grade I (68.2%), 40 cases were 
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grade II (20.8%), and 21 cases were grade III (10.9%). The 
detailed pathological subtype distribution was listed in 
Table 1. The mean age at diagnosis was 51.9 ± 11.5 years 
old (range, 18–80 years). The mean symptom duration was 
17.3 ± 37.0 months (range, 0.25–240 months). The median 
KPS score at diagnosis was 80 (range, 40–100). Symptoms 
at onset were largely related to the proximity of the tumor to 
the rolandic fissure. Nearly one-fourth of patients reported 
seizure (43, 22.4%) at presentation, followed by headache 
(38, 19.8%), hemiparesis (28, 14.6%), vertigo (23, 12.0%), 
monoparesis (26, 13.5%), cognitive decline (3, 1.6%), cal-
varial deformity (5, 2.6%), visual symptoms (5, 2.6%) and 
speech disturbance (3, 1.6%). The remaining 18 patients 
(9.4%) did not present with any symptoms at onset; their 
tumors were incidentally found by MRI. A lower preopera-
tive KPS score (P = 0.008) and recurrent status (P = 0.003) 
was associated with preoperative seizures. No other factors 
including age (P = 0.255), gender (P = 0.074), histological 

grade (P = 0.373), H3K27me3 staining (P = 0.428), Ki-67 
index (P = 0.452), bone invasion (P = 0.557), or sagittal loca-
tion (P = 0.78) was correlated with seziures.

A total of 87 PMs (45.3%) were located at the anterior 
third of the superior sagittal sinus (SSS), 76 (39.6%) at the 
middle third and 29 (15.1%) at the posterior third. The most 
common presenting symptom for anterior, middle and pos-
terior third PMs were focal or generalized seizure (25.3%, 
22/87), contralateral paralysis (32.9%, 25/76), and headache 
(37.9%, 11/29), respectively.

Recurrent and malignant transformation

In our cohort, 32 patients (16.7%) were diagnosed with 
recurrent PM, who received at least one surgical procedure 
before at local hospitals or our neurosurgical center. Among 
them, one patient with frontal PM received five tumor 
resections before, two patients had three previous surgical 

Table 1  Clinical characteristics of 192 patients with parasagittal meningioma

WHO World Health Organization, KPS Karnofsky performance score, GTR  gross total resection

Characteristics Value Characteristics Value

Age, years 51.94 ± 11.55 (range, 18–80) New sinus invasion grade
Gender  Minus invasion 57 (29.7%)
 Male 82 (42.7%)  Moderate invasion 84 (43.8%)
 Female 110 (57.3%)  Severe invasion 51 (26.6%)

Presenting symptoms WHO grade
 Seizure 43 (22.4%)  Grade I 131 (68.2%)
 Headache 38 (19.8%)   Fibrous 97 (50.5%)
 Hemiparesis 28 (14.6%)   Meningethalial 21 (10.9%)
 Monoparesis 26 (13.5%)   Angiomatous 6 (3.1%)
 Vertigo 23 (12.0%)   Psammomatous 3 (1.6%)
 No symptoms 18 (9.4%)   Translational 2 (1.0%)
 Calvarial deformity 5 (2.6%)   Lymphoplasmacyte 1 (0.5%)
 Visual symptoms 5 (2.6%)   Microcystic 1 (0.5%)
 Cognitive decline 3 (1.6%)  Grade II 40 (20.8%)
 Speech disturbance 3 (1.6%)   Atypical 39 (20.3%)

Location   Chordoid 1 (0.5%)
 Anterior 1/3 87 (45.3%)  Grade III 21 (10.9%)
 Middle 1/3 76 (39.6%)   Anaplastic 19 (9.9%)
 Posterior 1/3 29 (15.1%)   Papillary 2 (1%)

Recurrent status
Pre-operative KPS 90 (range 40–100)  Primary 160 (83.3%)
Sindou&Alvernia Classification  Recurrent 32 (16.7%)
 I 57 (29.7%) Malignant transformation 14 (7.3%)
 II 29 (15.1%) H3k27me3 methylation loss 32 (16.7%)
 III 39 (20.3%)  In grade I 6 (4.6%)
 IV 16 (8.3%)  In grade II 7 (17.5%)
 V 9 (4.7%)  In grade III 19 (90.5%)
 VI 42 (21.9%) Median Ki-67 index, % 2 (range, 1–15)

Symptom duration 17.3 ± 37.0 (range, 0.25–240) Follow-up, months 101.9 ± 33.8 (range, 4–209)
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resections, seven patients had two previous surgical resec-
tions and the remaining 23 patients received one previous 
surgical resection.

Malignant transformation was defined as previously 
described [15]. Of 32 recurrent meningiomas, 14 (43.8%) of 
them had a history of lower grade meningioma surgery and 
were regarded as malignant transformation. Among them, 9 
were anaplastic and 5 atypical. All the 5 atypical cases pro-
gressed from fibrous meningioma. For the 9 anaplastic PMs, 
5 progressed from atypical subtypes, and 3 from meningeth-
elial. One anaplastic meningioma was second recurrence and 
was initially diagnosed with fibrous meningioma and later 
atypical at the first recurrence.

Pathology and Immunohistochemistry 
of H3K27me3

The detailed distribution of histopathological subtypes in 
our cohort was listed in Table 1. Fibrous was the most com-
mon grade I subtype, atypical for grade II and anaplastic 
for grade III.

A total of 32 PMs (16.7%) showed H3K27me3 negative 
staining, and it was 4.6% (6/131) in grade I, 17.5% (7/40) 
in grade II and 90.5% (19/21) in grade III tumors (Supple-
mental Fig. 1). Higher histological grade was associated 
with loss of trimethylation of H3K27 (P = 0.000, Fisher’s 
exact test). Further analysis revealed that recurrent PMs 
also showed significantly higher frequency of H3K27me3 
loss (P = 0.001, Fisher’s exact test), with 12.5% (20/160) 
and 37.5% (12/32) of primary and recurrent cases, respec-
tively. A detail analysis into the subsets of recurrent PMs 
showed that, tumors with malignant transformation harbored 
H3K27me3 loss more frequently than non-malignant trans-
formation tumors (P = 0.001, Fisher’s exact test). However, 
no association between H3K27me3 and SSS invasion status 
was detected (P = 0.405).

Radiotherapy

In general, adjuvant radiation was recommended to both 
atypical and anaplastic meningioma patients, regardless of 
GTR or STR. Recently, however, with a deeper understand-
ing of history of these subsets of meningiomas, radiation has 
not been recommended for grade II tumors with GTR [16]. 
Potential benefits and adverse events of radiation therapy 
were discussed with the patients and families, who then 
made the final decision. A total of 42 patients in our series 
received postoperative radiotherapy in different forms 2 to 
4 weeks after the initial surgery. Among them, 34 patients 
received traditional external beam radiotherapy in 2 daily 
fractions with 1–2 cm clinical target volume and 3–5 mm 
planning target volume (mean dose 40.8 ± 8.5 Gy, range 
30–66 Gy). Five patients received Gamma Knife surgery 

for the remaining tumors with a prescription dose of 14.0 Gy 
at the 50% isodose line (28.0 Gy at the 100% isodose line). 
Another 3 patients received CyberKnife with 44 Gy in 5 
fractions. No patients in our series received any form of 
chemotherapy.

We compared the baseline characteristics including 
age, gender, EOR, and tumor recurrent status between the 
radiated group and the no-radiated group, and found that 
there was no difference between age (P = 0.08) and EOR 
(P = 0.099). However, recurrent patients (P = 0.021) were 
more likely to receive postoperative radiation, which was 
consistent with our previous knowledge that recurrent status 
was associated with a worse outcome, so a more aggres-
sive treatment strategy was usually recommended for these 
patients. In addition, there was a difference of gender dis-
tribution (P = 0.000) between the radiated and non-radiated 
group. Male patients were predominant in the radiated 
group.

Surgical procedure

Simpson Grade I resection was achieved in 100 patients 
(52.1%), grade II in 65 patients (33.9%), grade III in 7 
patients (3.6%), and grade IV in the remaining 20 patients 
(10.4%). Fifty-seven patients (29.7%) were classified as Sin-
dou and Alvemia grade I, 29 patients (15.1%) as grade II, 39 
patients (20.3%) as grade III, 16 cases (8.3%) as grade IV, 
9 cases (4.7%) as grade V and the rest 42 cases (21.9%) as 
grade VI. We further reclassified Sindou and Alvemia grade 
into three grades based on our experience of handling the 
SSS during the surgery. Sindou and Alvemia Grade I was 
regarded as minimal invasion, grade II to IV as moderate 
invasion, while grade V–VI as severe invasion. GTR was 
achieved in all 57 patients with minimal invasion tumors 
(100%) and in 94.1% patients (48/53) with severe inva-
sion tumors, while for moderate invasion tumors, GTR 
was achieved in 71.4% patients (60/84). Interestingly, radi-
cal resections were more likely to be achieved for minor 
(P = 0.003, Fisher’s exact test) and severe sinus invasion 
tumors (P = 0.000, Fisher’s exact test) than for moderate 
invasion tumors. However, no association was observed 
between the EOR and PM histological grade (P = 0.161, 
Fisher’s exact test). Bone invasion was observed in 28 cases 
(14.6%), and for these patients, affected skull was removed 
for decompression purpose in 39.3% (11/28) and for the 
rest 60.7% skull (17/28) was returned after abrasion of the 
inner plate of calvaria.

Thirteen patients experienced some kind of post-opera-
tive complications (6.8%). Eleven of them had a post-oper-
ative intracranial hematoma within 48 h after surgery, and 
8 patients received a hematoma removal surgery. Two other 
patients presented seizure attack within 24 h after surgery. 
Among these 13 patients, 7 received GTR and 6 received 



445Journal of Neuro-Oncology (2020) 147:441–450 

1 3

STR, so post-operative complication rate was 4.2% in GTR 
surgeries and 22.2% in STR surgeries (P = 0.004, Fisher’s 
exact test). No patient died within 30 days after surgery.

Outcome and survival analysis

The patients in our series were followed-up for a mean dura-
tion of 101.9 ± 33.8 months (range, 4–209 months). The 
mean PFS was 94.5 ± 40.9 months (range 2–209 months), 
with the grade I, grade II and grade III 5-year PFS being 
93.1%, 72.9% and 41.9%, respectively. The mean OS was 
101.1 ± 34.2 months (range 4–209 months), with the grade 
I, grade II and grade III 5-year OS being 97.7%, 72.5% and 
66.7%, respectively (Table 2). Among 39 deaths during the 
follow-up, 2 were due to reasons other than meningioma 
progression. One was due to sudden heart attack 32 months 
after surgery. The other mortality was due to accompanied 
breast cancer, 49 months after surgery.

Univariate and multivariate cox proportional sur-
vival analysis showed that older age (PFS, P = 0.026; 
OS, P = 0.000) and recurrent status (PFS, P = 0.000; OS, 
P = 0.000) were found to serve as independent prognostic 
factors for both worse PFS and OS. Higher histological grade 
was significantly associated with a shorter PFS (P = 0.0000, 
Log-rank test) and OS (P = 0.0000, Log-rank test), and 

served as an independent factor for shorter OS (P = 0.001). 
Loss of H3K27me3 staining (P = 0.037) and higher Ki-67 
index (P = 0.002) were independent factors only for shorter 
PFS (Supplementary Table 1). We further performed strati-
fied analysis based on H3K27me3 staining status. EOR was 
not associated with outcomes in both patients with negative 
H3K27me3 staining (PFS, P = 0.596; OS, P = 0.782) and in 
patients with postive H3K27me3 staining (PFS, P = 0.114; 
OS, P = 0.439). Post-operative radiation had no association 
with outcomes in patients with negative H3K27me3 (PFS, 
P = 0.966; OS, P = 0.836). However, post-operative radiation 
was associated with a better OS (P = 0.013), and not PFS 
(P = 0.099), in patients with postive H3K27me3.

We next performed survival analysis in 42 patients who 
received post-operative radiation according to the H3k27me3 
methylation status. Twenty-four tumors had retained 
H3K27me3 and 18 tumors had its loss. No statistical differ-
ence of PFS [P = 0.117, HR (95% CI): 0.44 (0.16–1.22)] or 
OS [P = 0.508, HR (95% CI): 0.71 (0.16–1.22)] was identi-
fied, showing no correlation between H3K27me3 methyla-
tion status and resonpse to radiation.

Because histological grade impacted survival, all 192 
patients were categorized into two groups based on tumor 
histological grades (low grade, WHO I; and high-grade, 
WHO II and III) for stratified survival analysis. Patients in 

Table 2  Treatment and 
prognosis of 192 patients with 
parasagittal meningioma

WHO World Health Organization, PFS progression free survival, OS overall survival, GTR  gross total 
resection, STR subtotal resection

Treatment and prognosis Value Treatment and prognosis Value (%)

Extent of resection  Grade II 60.5
 GTR 165 (85.9%)  Grade III 41.9
  Simpson 1 100 (52.1%) 7-year OS by WHO Grade, months
  Simpson 2 65 (33.8%)  Grade I 93.9

 STR 27 (14.1%)  Grade II 61.6
  Simpson 3 7 (3.6%)  Grade III 61.9
  Simpson 4 20 (10.4%) 7-year PFS in grade I

Postoperative radiation therapy 42 (21.9%)  GTR only 94.7
Outcome at last follow-up  GTR + radiation NA
 Dead 39 (20.3%)  STR only 75.0
 Alive and well 140 (72.9%)  STR + radiation 100
 Recurrent 44 (22.9%) 7-year PFS in grade II&III

Progression-free survival, months  Primary 79.4
 3 year rate 88.4%   GTR only 62.5
 5 year rate 83.6%   GTR + radiation 82.5
 7 year rate 80.3%   STR only 66.7

Overall survival, months   STR + radiation 100
 3 year rate 94.8%  Recurrent 11.1
 5 year rate 89.1%   GTR only 10.1
 7 year rate 83.8%   GTR + radiation 18.8

7-year PFS by WHO grade, months   STR only NA
 Grade I 91.6%   STR + radiation 0
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each group were further divided into 4 groups based on EOR 
and subsequent adjuvant treatments.

For WHO grade I PMs, GTR was achieved in 116 
patients, while STR achieved in the remaining 15 patients. 
More radical resection was significantly associated with a 
better PFS (P = 0.0229, log-rank test). However, no OS ben-
efit was observed for GTR over STR (P = 0.2108) (Fig. 1). 
In addition, patients with STR did not benefit from adjuvant 
radiotherapy, in both PFS (P = 0.2146) and OS (P = 0.4038).

Among 61 high-grade PMs, 37 (60.7%) were newly diag-
nosed and 24 (39.3%) were recurrent PMs. The 7-year PFS 
and OS rate for patients with newly diagnosed high-grade 
PMs were 79.5% (95% CI, 61.6–89.7%) and 83.6 (95% CI, 
67.1–92.3%), respectively; while for recurrent ones, the 
PFS and OS rate dropped dramatically to 11.9% (95% CI, 
2.0–29.2%) and 29.2% (95% CI, 13.0–47.6%), respectively. 
Subsequent tumor recurrence occurred in 83.3% (20/24) 
of patients who presented with recurrent high-grade PMs, 

and 24.3% (9/37) of patients with newly diagnosed high-
grade PMs. Patients with recurrent high-grade PMs have 
statistically shorter PFS (P = 0.0000, Log-rank test) and OS 
(P = 0.0000, Log-rank test) compared to newly diagnosed 
high-grade PMs (Fig. 2).

Newly diagnosed high-grade PMs were further divided 
into four groups according to EOR and postoperative radio-
therapy, namely GTR only, GTR + radiation, STR only, 
and STR + radiation. No difference was observed in PFS 
(P = 0.4607) between the four groups. However, patients 
with post-operative radiation had a significantly longer OS 
than patients without radiation (P = 0.0129). No difference 
was observed between GTR and STR patients (P = 0.6541)
(Fig. 3). In recurrent high-grade PM patients, there was a sig-
nificant PFS difference among the four groups (P = 0.0288), 
with the longest PFS in patients receiving GTR + radiation. 
However, no OS difference was observed among the four 
groups (P = 0.9726) (Fig. 3).

Fig. 1  Kaplan–Meier survival curves of WHO Grade I PM. a PFS and b OS of patients with WHO Grade I PM by extent of tumor resection

Fig. 2  Kaplan–Meier survival curves of WHO Grade II&III PM. a PFS and b OS of patients with WHO Grade II&III PM by tumor recurrent 
status
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Discussion

Treatment of parasagittal meningioma remains a formida-
ble challenge in the field of neurosurgery. The role of radi-
cal resection and the utility of post-operative radiotherapy 
remains controversial due to diverse clinical and pathologi-
cal characteristics of these tumors [6, 7, 9, 17]. In this study, 
we retrospectively investigated the clinical characteristics 
and long-term clinical outcomes of 192 patients with PM 
treated at a single neurosurgical center.

PMs were mostly grade I, constituting 68.2% in propor-
tion. However, the proportion of high-grade meningioma 
was significantly higher than tumors at other locations, both 
in grade II and grade III [18, 19]. Studies have reported 
a correlation between meningioma locations and genetic, 
epigenetic background and radiomics’ features [20, 21]. 
The difference in the distribution of histological grades 

propapbly reflects the distinct and characteristic genetic 
features of PM such as NF2 loss.

Unlike previous studies, seizures, rather than headache, 
represent the most common presenting symptoms in our 
cohort [4, 5, 12, 22]. In addition, seizure attack was associ-
ated with a worse preoperative neurological function. How-
ever, seizure attack was not correlated with tumor grade, 
unlike the results reported by Hess et al. [23]. The high pro-
portion of seizure attack at onset may be attributed to the 
involvement of eloquent brain areas, since all tumors in our 
series were adjacent to SSS.

Katz et al. reported that loss of H3K27me3 was associ-
ated with aggressive meningiomas and NF2 mutations [14]. 
In our cohort, 16.7% of PMs showed negative H3K27me3 
expression. We show that negative H3K27me3 was asso-
ciated with malignant features, ie, higher tumor grade, 
tumor recurrent status and malignant transformation. In 

Fig. 3  Kaplan–Meier survival curves of high-grade de novo and 
recurrent PMs. a PFS and b OS of de novo WHO Grade II&III PMs 
by different treatment strategy. c PFS and d OS of recurrent WHO 

Grade II&III PMs by different treatment strategy. STR only group 
had only one patient and is not shown
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the Katz’s series of 232 meningiomas that included all 
intracranial locations, the proportion of H3K27me3 loss 
was significantly lower (10.8%) even though the cohort was 
enriched for WHO grade II tumors. The higher frequency 
of H3K27me3 loss in PMs may reflect a more aggressive 
biological behavior or NF2 alteration of PMs.

In our analysis of 192 patients with PM, the GTR rate 
was 85.9% and STR was 14.1%. The role of maximal tumor 
resection remains controversial [4, 6, 7, 9, 12, 24]. Interest-
ingly, tumor with complete sinus invasion was more likely to 
achieve GTR than those with partial invasion in our cohort, 
since resection of tumors within patent sinus is more likely 
to induce venous damage and subsequent infarction. Bal-
ancing between complete tumor resection and controlled 
and safe surgery is a major clinical challenge. Most studies 
reported that aggressive surgical treatment was associated 
with a better survival and suggested a radical resection and 
sinus reconstruction. However, given the risk of surgical 
complications, adjuvant radiotherapy has been reported to 
be reasonable and beneficial [25–28].

Consistent with Brigitte Gatterbauer et al.’s opinion, 
the current work showed that PM should be viewed as a 
heterogeneous group of disease and multimodal treatment 
strategies should be applied based on distinctive tumor char-
acteristics [4]. EOR, tumor grade, and tumor recurrent status 
should be considered for designing treatment strategies [7, 
8, 29–31]. In grade I tumors, consistent with other studies, 
GTR was associated with a longer PFS. No difference in OS 
was observed, which may suggest the over 8-year follow-up 
period still not long enough for grade I tumors. Our study 
did not provide evidence for the benefit of adjuvant radio-
therapy for patients with grade I PM. There were only 15 
Grade I tumors that were subtotally resected, and rare recur-
rent events in this population and small patient numbers may 
have contributed to lack of statistical significance.

Consistent with our study, several studies on meningi-
omas at all locations have underlined a longer survival in de 
novo high-grade meningiomas compared to secondary or 
recurrent high-grade tumors [15, 16]. For high-grade tumors, 
the role of adjuvant radiotherapy after microsurgical resec-
tion remains undefined. Although Aizer et al. suggested no 
benefit of adjuvant radiotherapy for atypical meningiomas 
[32], many other studies reported otherwise [16, 33, 34]. 
Due to the observed prognostic difference, we analyzed pri-
mary and recurrent tumors separately to better define the 
role of treatments. In patients with high-grade de novo PM, 
GTR was not associated with a more favorable outcome. 
However, adjuvant radiotherapy brought an OS benefit to 
high-grade primary PMs, either with GTR or STR.

Patients with recurrent high-grade meningioma usually 
require additional surgery and eventually, adjuvant radio-
therapy [35–37]. We show that patients with GTR and adju-
vant radiotherapy had the best PFS, suggesting an influence 

of tumor resection and post-operative radiotherapy on PFS. 
Long-term outcome for recurrent high-grade PMs was dis-
mal. Studies of all meningiomas have defined the role of 
GTR for recurrent high-grade meningiomas [38]. However, 
the effect of adjuvant radiotherapy is controversial. Stud-
ies including one from our own institution reported that 
adjuvant radiotherapy did not bring significant benefits to 
patients with high-grade meningioma [16]. In contrast, a 
retrospective study suggested better tumor control with the 
addition of radiation [33]. Notably, cases series in these 
studies include all locations, limiting the comparability with 
our study.

Limitations

Our study is a single institution, retrospective analysis. Due 
to still limited sample size of high-grade tumors, we clus-
tered grade II and grade III into high-grade, which may have 
obscured heterogeneity in outcome potential present had the 
data been analyzed with distinct WHO grades.

Conclusion

Our study indicates that PMs have relatively high freqiuency 
of high-grade tumnors with aggressive biological behaviors. 
PMs should be viewed as a heterogeneous group of disease 
and distinctive tumor characteristics can be used to guide 
multimodal treatment strategies. Low-grade PM can benefit 
from radical resection. For high-grade primary PM, adjuvant 
radiotherapy but not EOR conferred difference in PFS.
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