
Vol.:(0123456789)1 3

Journal of Neuro-Oncology (2020) 146:347–355 
https://doi.org/10.1007/s11060-019-03382-x

CLINICAL STUDY

Impact of postoperative radiotherapy on recurrence of primary 
intracranial atypical meningiomas

Naureen Keric1   · Darius Kalasauskas1 · Christian F. Freyschlag2 · Jens Gempt3 · Martin Misch4 · Alicia Poplawski5 · 
Nicole Lange3 · Ali Ayyad1 · Claudius Thomé2 · Peter Vajkoczy4 · Bernhard Meyer3 · Florian Ringel1

Received: 29 September 2019 / Accepted: 26 December 2019 / Published online: 3 January 2020 
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
Background  Atypical meningiomas (WHO grade II) have high recurrence rate. However, data on the effect of radiotherapy 
(RT) is still conflicting. The aim of this study was to evaluate the influence of postoperative RT on the recurrence of primary 
atypical intracranial meningiomas.
Methods  The medical records of all patients who underwent surgery (2007–2017 in 4 neurosurgical departments) for a 
histologically diagnosed primary atypical meningioma were reviewed to assess progression-free survival (PFS) and prog-
nostic factors.
Results  This analysis included 258 patients with a median age of 60 years (54.7% female). The predominant tumor loca-
tions were convexity and falx (60.9%) followed by the skull base (37.2%). Simpson grade I–II resection was achieved in 
194 (75.2%) patients, Simpson grade III–IV in 53 patients (20.5%). Tumor progressed in 54 cases (20.9%). Postoperative 
RT was performed in 46 cases (17.8%). RT was more often applied after incomplete resection (37.7% vs. 13.4% Simpson 
III–IV vs. I–II). A multivariate analysis showed a significantly shorter PFS associated with Simpson III–IV [HR 1.19, (95% 
CI) 1.09–1.29, p < 0.001] and age > 65 years [HR 2.89, (95% CI) 1.56–5.33, p = 0.001]. A subgroup analysis with a minimal 
follow-up of 36 months revealed that Simpson III–IV [HR 3.01, 95% CI 1.31–6.931.03–1.24, p = 0.009] and age > 65 years 
[HR 2.48, 95% CI 1.20–5.13, p = 0.014] reduced PFS. The impact of postoperative RT on PFS remained statistically insig-
nificant, even in a propensity-score matched survival analysis [n = 46; p = 0.438; OR 0.710 (0.299–1.687)].
Conclusions  In the present study, postoperative RT did not improve PFS. The most important prognostic factors remain the 
extent of resection and age.
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Introduction

Meningiomas are mostly benign, extra-axial tumors, arising 
from non-neuroepithelial progenitor cells, the arachnoidal 
cap cells, and comprise up to 30% of all intracranial tumors 
[1, 2]. These tumors are classified by the WHO according to 
their prognosis and their recurrence rate into benign (grade 
I), which comprise many histological subtypes, atypical 
(grade II) and anaplastic (grade III) [3, 4]. Grade I tumors 
make up the majority of these tumors, whereas the grade 
III meningiomas are very rare. The revisions of the WHO 
classification in 2007 produced a marked increase in atypi-
cal meningiomas, from previously 5% [5] to 20–35% [6, 7].

Atypical meningiomas have a greater recurrence rate 
than grade I tumors. According to an inverse relationship, 
every recurrence leads to shorter disease-free survival [8]. 
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Therefore, the postoperative treatment of grade II meningi-
omas poses significant challenges. Up to 30–60% of atypi-
cal meningiomas recur within 5 years after surgical resec-
tion [9–13]. Many potential prognostic factors for tumor 
recurrence have been studied and most were not consist-
ently accepted [11]. The value of postoperative RT of these 
tumors is still under debate because findings of retrospective 
studies of mostly small cohorts are conflicting and results of 
a prospective study are still pending.

Therefore, in this study, we aimed to evaluate the influ-
ence of adjuvant RT on progression free survival after sur-
gery for primary atypical intracranial meningiomas in the 
largest cohort analyzed, so far.

Patients and methods

Patient sample, study design and outcome 
measures

A retrospective multi-center database of atypical meningi-
omas included surgically treated consecutive patients from 
4 neurosurgical departments over a time period of 10 years 
(2007–2017). The inclusion criteria were: newly diagnosed 
primary atypical meningioma, at least one postoperative 
follow-up at ≥ 3 months after surgery, and no history of 
neurofibromatosis or previous brain RT. Demographic and 
clinical data such as sex, age at time of operation, tumor 
location, extent of tumor resection, postoperative treatment, 
follow-up period, and recurrence rate were assessed.

Tumor location was categorized as convexity and falcine, 
skull base and intraventricular.

Postoperative follow-up was performed by clinical inves-
tigation and evaluation of neuroimages either from mag-
netic resonance imaging (MRI) or, when not available/
contraindicated, from computed tomography (CT) scans. 
Recurrence was recorded when a re-growth was observed 

in follow-up imaging. Time from date of operation until the 
date of neuro-imaging data indicating a tumor recurrence 
was defined as progression-free survival (PFS).

Pathological diagnosis was made based on the latest 
WHO criteria for classification of meningiomas from 2007 
[3]. Simpson grade was used to classify the extent of tumor 
resection [14].

Statistical analysis

Categorical data were described by absolute and relative 
frequency and continuous data were described by mean, 
standard error and range.

PFS was defined as the time from the operation to the 
detection of the tumor regrowth based on imaging.

Univariate analysis for PFS was performed using a Cox 
regression model test and described using Kaplan–Meier 
plots. A multivariate Cox regression model was used to 
evaluate possible prognostic factors for meningioma recur-
rence. A Chi-Squared test was used to evaluate the equal-
ity of distribution among groups. The factors studied were 
age, sex, treating institution, postoperative RT, tumor loca-
tion and complete vs. partial tumor resection. A propensity 
matching for RT was performed with matching factors age 
and Simpson resection grade and tumor location to further 
evaluate the influence of RT. A p-value less than 0.05 was 
considered as statistically significant. Adjustment for mul-
tiple testing was not performed.

Results

Demographic and treatment data

The analysis included 258 patients. The patient character-
istics are summarized in Table 1. Mean age at the time of 
diagnosis was 60 years (range 12–84 years) and 141 were 

Table 1   Patient characteristics Patient characteristics All Convexity/falcine Skull base Ventricular

N (%) 258 (100) 157 (60.9) 96 (37.2) 5 (1.9)
Sex
 Male 117 (45.3) 73 (62.4) 42 (35.9) 2 (1.7)
 Female 141 (54.7) 84 (59.6) 54 (38.3) 3 (2.1)

Median age 60 years
 65 years and younger 169 (68.3) 99 (58.6) 66 (39.1) 4 (2.4)
 > 65 years 89 (31.7) 58 (65.2) 30 (33.7) 1 (1.1)

Simpson grade
 I–II 194 (75.2) 128 (66.0) 63 (32.5) 3 (1.5)
 III–IV 53 (20.5) 22 (41.5) 30 (56.6) 1 (1.9)

Adjuvant radiation 46 (17.8) 31 (60.3) 15 (32.6) 0
Recurrence 54 (20.9) 34 (63.0) 18 (33.3) 2 (3.7)
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female. The tumor locations were convexity and falcine 
(60.9%), followed by skull base (37.2%) and intraventricu-
lar (1.9%) (Table 1).

Gross total resection (Simpson grade I–II) was achieved 
in 194 (75.2%) patients and subtotal resection (Simpson 
grade III–IV) in 53 (20.5%) patients. In 11 cases the extent 
of resection was not reported (4.3%). No patients who under-
went biopsy only (Simpson grade V) were found in the data-
base. Subtotal resection was performed mostly for skull base 
tumors (32.3% of skull base tumors) (Table 2).

Adjuvant RT was performed in 46 (17.8%) patients. The 
decision for adjuvant RT was mainly based on an incomplete 
resection. When compared with non-irradiated patients, RT 
was more often applied after incomplete resection (13.4% 
vs. 37.7% RT for Simpson grades I–II vs. III–IV resec-
tions, respectively; p < 0.001). In 43 patients (93.5%) RT 
was performed during the initial postoperative phase (mean 
128.3 days ± 177.4 SD). Another 3 patients (6.5%) under-
went RT in case of tumor recurrence. The proportion of 
patients selected for RT differed among the 4 centers (center 
1: 15.0%; center 2: 14.3%; center 3: 9.5%; and center 4: 31%; 
p = 0.007). Most cases received a conventional radiotherapy 
[41 patients, 89.1%; either intensity modulated radiotherapy 
(IMRT) or 3D conformal radiotherapy (3DCRT)], while 2 
patients underwent a stereotactic radiosurgery (4.3%). The 
treatment modality is unknown in 3 cases (6.5%). Mean 

radiation doses in the conventionally irradiated patients were 
56.6 ± 6.7 Gy and 23 ± 0.1 Gy in the 2 patients treated by 
stereotactic radiosurgery. Tumor recurrence was observed in 
11 of the 46 irradiated patients (23.9%) (Table 3).

Follow‑up and recurrence rate

Median follow-up was 31 months (range 3–309). Tumor 
recurrence was observed in 54 (20.9%) patients, among these 
11 had previous adjuvant RT (20.1%). The median progres-
sion-free survival of the relapsed patients was 91 months 
(95% CI 78.8–103.2). In 14.4% of patients recurrence was 
observed after Simpson grades I–II and in 30.2% of patients 
after subtotal resection according to Simpson grades III–IV.

Progression‑free survival

Univariate analysis for progression-free survival was per-
formed by categorizing patients according to the tumor loca-
tion: skull base or convexity/falcine meningiomas. No sig-
nificant link was found between RT and location (p = 0.468) 
as well as location and tumor relapse (p = 0.491).

As univariate analysis revealed, RT itself was also not 
associated with prolonged PFS (p = 0.269, HR 0.35–1.34) 
(Fig. 1a). The 5-years PFS of irradiated patients was 70.7% 
compared to 68.8% of those without RT. No influence of 
radiation treatment on PFS was evident after categorization 
of patients according to complete (Simpson grade I–II) and 
incomplete resection (Simpson grade III–IV) (p = 0.654, 
p = 0.846) (Fig. 2).

Age significantly influenced tumor recurrence. The group 
of 89 patients older than 65 years had a significantly shorter 
PFS on univariate analysis [p = 0.004 HR 2.29 (1.31–4.00)] 
than did those who were < 65 years of age (Fig. 1b).

Table2   Extent of resection (Simpson grade)

Simpson I–II 
(%)

Simpson III–IV 
(%)

Adjuvant 
radiation 
(%)

All pts 75.2 20.5 18.0
Pts with recur-

rence
14.4 30.2 23.9

Table 3   Data on radiation treatment

IMRT intensity modulated radiotherapy, 3DCRT​ 3D conformal radiotherapy

Radiation treatment All Radiosurgery Conventional (IMRT, 
3DCRT)

Unknown

N (%) 46 (100) 2 (4.3) 41 (89.1) 3 (6.5)
Indication
 Incomplete resection (Simpson grade III + IV) 20 (43.5) 2 (10.0) 18 (90.0) 0
 Upfront 43 (93.5) 0 40 (93.0) 3 (7.0)
 Recurrence 3 (6.5) 2 (66.7) 1 (33.3)

Time surgery to RT days (± SD) 128.3 (± 177.4) 151 and 132 142.5 (± 154.7) No data
Simpson grade
 I–II 26 (56.5) 1 (3.8) 23 (88.5) 2 (7.7)
 III–IV 20 (43.5) 1 (5.0) 18 (90.0) 1 (5.0)

Radiation dose Gy (± SD) 23 (0.1) 56.6 (6.7) No data
Recurrence (% within the subpopulation) 11 (23.9) 2 (18.2) 7 (63.6) 2 (18.2)
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The factors treating center (p = 0.567, HR 0.74–1.18), sex 
(p = 0.078, HR 0.35–1.06) and tumor location (p = 0.589, 
HR 0.69–1.92) did not influence PFS.

The extent of resection significantly influenced tumor 
recurrence. Patients with Simpson grade III–IV resection 
had significantly shorter PFS in comparison to patients with 
grade I–II resection [p < 0.001 HR 3.47 (1.84–6.52)].

A multivariate regression analysis of the independent 
variables RT, age and extent of resection demonstrated that 
a significantly shorter PFS was associated with Simpson 
grade III–IV in comparison to grade I–II (HR 1.19, 95% 
CI 1.09–1.29, p < 0.001; Fig. 1c, d) and age > 65 years (HR 
2.89, 95% CI 1.56–5.33, p = 0.001). The 5-years PFS was 
78.9% for the Simpson grade I + II and 34.1% for the Simp-
son grade III + IV group (p < 0.001).

A multivariate analysis of a subgroup with a minimal 
follow-up of 36 months (112 patients including 18 RT 
cases) also showed that the following factors significantly 
reduced PFS: Simpson grades III–IV (HR 3.01, 95% CI 
1.31–6.93, p = 0.009) and age > 65 years (HR 2.48, 95% 
CI 1.20–5.13, p = 0.014).

To further evaluate the influence of RT, a propensity-
matched survival analysis was performed. The propensity 
scores were calculated using age and Simpson resection 
grade. After propensity matching, no statistical difference 
in PFS was found [n = 46 (exact 2, fuzzy 44); p = 0.438; 
HR 0.710 (0.299–1.687)].

Propensity scores were calculated again using age, loca-
tion and Simpson resection grade. Again, no statistical 

Fig. 1   a Progression-free survival (PFS) of patients with and with-
out RT showing no significant difference; b PFS of patients with age 
65 and less vs. > 65 years, showing a significant difference in PFS; c 

PFS of patients with Simpson grade I-IV, showing that grades I and 
II have a better PFS; d PFS of patients with Simpson grades I + II vs. 
III + IV underlining the results of c 



351Journal of Neuro-Oncology (2020) 146:347–355	

1 3

difference in PFS was found [n = 46 (exact 5, fuzzy 41); 
p = 0.934; HR 0.965 (0.417–2.237)].

Discussion

Atypical meningiomas are a heterogeneous group of 
tumors; altogether they have a high, 30–60%, 5-year recur-
rence rate [9–13, 15, 16]. Tumor recurrence is associated 
with markedly reduced overall survival rates after resection 
[15]. Talacchi et al. reported a 5-year second tumor recur-
rence of > 70% of patients after total resection and up to 
90% after subtotal resection [8]. Therefore, postoperative 
treatment, especially the effectiveness of adjuvant RT, has 
been intensely evaluated. All current findings are derived 
from retrospective studies and are inconsistent. Study results 
about adjuvant RT that are certain enough to support a treat-
ment guideline are not available. However, cohorts of availa-
ble studies are small which hampering relevant conclusions.

Therefore, we aimed to assess the influence of RT by ana-
lyzing the clinical course of a large cohort of primary intrac-
ranial atypical meningioma patients from four neurosurgi-
cal sites treated within the last ten years. Despite having a 
retrospective character, this study is the largest multi-centric 
case series to analyze PFS and prognostic factors of atypical 
meningiomas. The database consisted of 258 patients, 46 
were subjected to adjuvant RT.

The median age of 60 years is consistent with other 
reports of atypical meningiomas [12, 17–19]. The tumors 
occurred slightly more often in females. Traditionally, atypi-
cal tumors are non-gender-specific or occur more frequently 
in males and higher prevalence in females is more typical of 
benign meningiomas [1, 12, 18, 20, 21].

The extent of resection was usually extensive; approxi-
mately 80% of patients had a Simpson grade I or II inde-
pendent of the treating center. The decision for adjuvant RT 
correlated with the Simpson resection grade. Patients who 
underwent a less extensive resection, grades III and IV, were 
significantly more often subjected to adjuvant therapy than 
were grade I and II resected patients. A study conducted 
in German neurosurgical centers reported that 74.1% of 
patients were offered adjuvant RT after incomplete and 
17.9% after complete resection [22]. In a systematic meta-
analysis of gross total resected atypical meningiomas, pool-
ing 757 patients with atypical meningiomas, Hasan et al. 
reported of no influence of adjuvant RT on the 5-year PFS. 
This supports the selection of subtotally resected patients 
for adjuvant RT [23].

Unlike the extent of resection, the decision for adjuvant 
RT in this study differed significantly among the four par-
ticipating centers. Marcus et al. surveyed British and Irish 
neurosurgeons regarding their opinion and practice of adju-
vant RT for WHO grade I and II meningiomas. Although 
59% of the neurosurgeons would advise adjuvant RT after 
incomplete resection, only 20% did so [24]. These observa-
tions underline the need for clear treatment guidelines for 
these tumors.

Progression‑free survival

We observed a significant difference between PFS after 
gross total and subtotal tumor resection. After a Simpson 
grade I or II resection, patients had a significantly longer 
PFS than after a Simpson grade III or IV resection. Most 
studies agree that gross total resection results in a much 
lower tumor recurrence rate than after subtotal resection 

Fig. 2   a Patients with gross total resection (Simpson grade I–II) with and without RT show no difference in PFS; b Patients with incomplete 
resection (Simpson grade III–IV) with and without RT show no difference in PFS
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[13, 16, 17, 20, 25, 26]. This supports the recommendation 
of primary surgical treatment with the aim of gross total 
resection.

Some series showed older age to be associated with ear-
lier tumor recurrence and shorter overall survival [9, 15, 
17, 20, 27]. In our series, we also found that older patients 
(> 65 years) had a significantly shorter PFS. In accordance 
with our findings a multicentric French study concluded that 
the only factors increasing PFS in atypical meningiomas 
were age less than 60 years and Simpson Grade I removal 
in atypical meningiomas [17].

In agreement with the results of the entire study cohort, a 
multivariate analysis of a subgroup with a follow-up period 
of at least 36 months (112 patients including 18 RT cases) 
revealed the Simpson grade III–IV and age > 65 years as 
negative predictive factors for PFS.

In propensity-matched pairs, no significant difference in 
PFS was found between RT and non-RT group.

Tumor location has also been found to be associated with 
PFS. Masalha et al. reported a longer PFS of patients har-
boring an atypical meningioma in the anterior or posterior 
fossa [26]. Furthermore, the location parasagittal-falcine and 
non-skull base was found to be associated with an earlier 
recurrence rate [28, 29]. However, many series reported of 
no association of tumor location and PFS [15, 18, 21, 27]. 
In our study location had no impact on PFS.

Radiotherapy

In the present study, adjuvant RT did not influence the PFS. 
Moreover, a subgroup analysis of patients with a minimal 
follow-up of > 36 months of follow-up revealed adjuvant RT 
to predict shorter PFS. However, published findings on the 
use of adjuvant RT are controversially.

Nowak et al. recently reported a clear trend towards fewer 
recurrences after adjuvant RT; however, no statistical sig-
nificance could be established [11]. The same results were 
observed by Aghi et al., who reported no tumor recurrence 
in irradiated patients after gross total resection, but the dif-
ference did not reach statistical significance [15]. Komotar 
et al. demonstrated a trend of fewer tumor recurrences after 
adjuvant RT [19]. In the latter two studies, no subtotally 
resected patients were included. In our study a decision 
towards an adjuvant RT was mainly based on remnant tumor 
in 20 cases (43.5% Simpson grade III + IV resection grades). 
A systematic review addressing this question was published 
in 2014 [30]. It concluded that adjuvant RT significantly 
improves local control of atypical meningiomas after sub-
total resection; however, this was not supported by findings 
after gross total resection. The authors hypothesized that due 
to decreasing recurrence rate after high dose RT, adjuvant 
RT should be effective in this patient subpopulation as well 
[30].

Many studies do not find adjuvant RT significantly 
advantageous after gross total resection. Published finding 
on PFS after subtotal resection is more consistent. In such 
cases, adjuvant RT is usually recommended. For exam-
ple, the large series reported by Mair et al. included 114 
patients and demonstrated a significant benefit of RT only 
after subtotal resection; no significant benefit was reported 
for patients after gross total resection (Simpson grade I–II) 
[31]. In line with these data there was no increase in PFS 
achieved by adjuvant RT after gross total resection in our 
series (23 patients; 56.5%) (Fig. 2). A Korean study showed 
no tumor recurrence after Simpson grade I resection, with 
and without RT; therefore, in such cases only clinical and 
radiographic observation was recommended [18]. Follow-
ing less extensive resection, adjuvant RT was suggested, 
because it increased PFS [18]. Hardesty et al. analyzed 
patients after gross total removal and showed that RT (ste-
reotactic or intensity modulated) did not influence PFS; 
they suggested close observation as a reasonable strategy in 
such patients [25]. Cao et al. reported that gross total resec-
tion was associated with better PFS and overall survival, 
but they established no relation with RT and survival [10]. 
Moreover, a recent study by Jenkinson et al. showed that 
gross total resection increased PFS (but not overall survival) 
[21]. Adjuvant RT did not influence PFS nor overall survival 
regardless of the extent of resection. Consistent with these 
results, in their single center series of atypical meningiomas, 
Masalha et al. showed no impact of RT on PFS [26]. Another 
recent meta-analysis addressing the impact of adjuvant RT 
on atypical meningiomas selected 17 papers including 1,761 
patients, and concluded that there is no evidence that RT 
decreases recurrence rate of atypical meningiomas [32].

Several other studies reported detrimental effects of RT as 
well. In a French multicenter study, adjuvant RT was associ-
ated with shorter PFS [9]. Another study reported that RT 
led to no survival advantage and could even be a detrimental 
factor [33].

Late toxicity is one of the most feared side effects of 
adjuvant therapy, even though its prevalence after menin-
gioma resection is rare. A recent study showed, that up to 
13% of irradiated patients present with signs of late toxic-
ity; approximately a half of them show signs of cognitive 
deficits [9]. In the present study the majority of irradiated 
patients underwent conventional RT (89.1%) with a mean 
dose of 56.6 (± 6.7) Gy. No side effects clearly related to 
RT were reported. Conventional postoperative RT is usu-
ally well tolerated [15]; grade 2 and 3 side effects occurring 
in up to 10% of patients [9]. A RT dose lower than 53 Gy 
has been shown to be inadequate to improve postoperative 
outcome [2]. On the other hand, a study by Hug et al., using 
an earlier classification of meningiomas, revealed that a RT 
dose greater than 60 Gy significantly improved local control 
[34]. In addition, Boskos et al. reported similar findings [35]. 
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However it has also been reported that very aggressive RT 
with more than 60 Gy does not improve outcome and only 
increases side effects [36]. Therefore, possible side effects 
should always be acknowledged, but not exaggerated, when 
considering adjuvant RT.

Other influencing factors

In our study, the recurrence of atypical meningiomas was 
more frequent in the first 29 months independent from RT. 
Katz et al. and Nowak et al. observed that most of the tumor 
recurrences occur within 4 years, after that they rarely 
develop recurrent disease [11, 36]. This lead to the hypoth-
esis that other factors influenced early recurrence of atypical 
meningiomas, which could help stratify atypical meningi-
omas into subgroups according to the risk of recurrence. 
Despite the fact that among the irradiated patients 56.5% 
were graded as Simpson grade I–II, the decision for adju-
vant RT was individually made due to unknown reasons. 
For the non-recurring meningiomas, the adjuvant RT might 
be unnecessary. Regarding this, there is a strong need for 
defined risk stratification factors. For example, a Norwegian 
group suggested a reconsideration of histopathological cri-
teria to achieve stronger prognostic values (i.e. two out of 
three: absence of psammoma bodies, presence of necrosis, 
and/or ≥ 4 mitoses per 10 high power fields) [37]. Another 
study has shown sheeting/loss of lobular architecture and 
prominent nucleoli to be predictive markers for tumor 
recurrence [15]. Recent advances in genetic and molecular 
diagnostics is slowly leading to a better understanding of 
the biological behavior of meningiomas [38]. Sahm et al. 
performed a genome-wide methylation pattern analysis and 
found significant correlations of distinct methylation classes 
with tumor growth and recurrence patterns. They suggested 
a new classification of meningiomas by methylation classes 
to improve decision making for adjuvant treatment strate-
gies [38]. In addition, epigenetic changes, such as the loss 
of histone H3K27me3, have been described to correlate 
with a poor outcome and a shorter PFS [39]. Some studies 
identified telomerase reverse transcriptase (TERT) promotor 
mutations in approximately 6% of all meningioma patients 
that were associated with shorter PFS [40–42]. These molec-
ular markers need to be further evaluated for their potential 
for risk assessment; they could support more targeted deci-
sions about adjuvant treatment after surgery.

Conclusion

Our findings demonstrated no significant difference in PFS 
with and without postoperative RT. Therefore, in accordance 
to these findings and the literature review, we suggest that in 
patients who undergo gross total resection, a close clinical 

and radiographic follow-up is a reasonable postoperative 
treatment strategy. After an incomplete resection, postopera-
tive RT might be considered as an option for tumor control 
which is, however, not supported by the present data.

Limitations of this study

Due to its retrospective design, this study has significant 
drawbacks. Maybe the worse performance of irradiated 
meningiomas in our study is due to surgical related deci-
sions—individual decisions on the application of RT cannot 
be excluded. More definitive answers are expected from the 
results of ongoing prospective studies.
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