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Abstract

Background Posterior fossa meningiomas (PFMs) often represent surgical challenges due to their proximity to neurovascular
structures. Factors predicting the extent of resection (EOR), overall survival (OS), and progression-free survival (PFS) were
identified and integrated in a prediction tool to offer evidence-based personalized therapeutic strategies.

Methods All meningiomas managed surgically from 1990 to 2010 from a single-center were reviewed. A classification tree was
created using the classification and regression tree recursive partitioning analysis that incorporated patient and tumor data
available before surgery in order to predict the rates of gross total resection (GTR).

Results A total of 198 patients were identified (female-to-male ratio, 2.7; mean age, 59.1 years) and compared with 1271
supratentorial meningiomas (STMs) operated in the same institution during the same time period. GTR was achieved less often
(59.6% versus 81.9%; p <0.01) in PFMs than STMs. Preoperative neurological symptoms were predictive of higher Simpson
grades (OR, 2.19[1.05;4.58]; p = 0.04). Age was associated with reduced OS (OR, 1.08 [1.04;1.12]; p <0.001). A KPS > 70 was
associated with higher survival rates (OR, 2.70 [2.19;2.92]; p =0.02). Higher WHO grades were associated with reduced OS
(OR, 3.56 [1.02;12.47]; p=0.05). The GTR rate varies from 80% in patients without a preoperative deficit to 40% patients with a
preoperative deficit, younger than 60 years old, and with adjacent bone invasion.

Conclusions This study provides a classification tree of the predictors of EOR in PFMs, based upon preoperative demographic,
clinical, and radiological variables. An evidence-based management protocol with estimated EORs may guide the decision-
making process in PFMs.
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Introduction

Intracranial meningiomas are usually benign lesions,
representing 30% of all primary intracranial tumors [33, 44].

This article is part of the Topical Collection on Tumor—Meningioma The incidence of diagnosed meningiomas increases steadily in
view of an aging population and the greater availability of

P4 Marco V. Corniola magnetic resonance imaging (MRI) [23, 41]. In patients with
marco.corniola@hcuge.ch growing and/or symptomatic meningiomas, the surgical resec-
tion is the mainstay treatment option. In 1957, Simpson pub-
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gioma recurrence, resulting in aggressive surgical manage-
ment to obtain complete resection [13, 15, 29, 34]. In low-
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grade meningiomas with complete resection, a good disease-
control with a low chance of recurrence can be achieved [2,
15, 17]. However, depending on the tumor’s size, location,
and anatomical relationships with the surrounding structures,
complete resection of the meningioma can be challenging
[30]. Furthermore, distinct genetic alterations associated to
the various anatomic locations are reported [35, 38] and
should be considered in the management of the meningiomas.
Meningioma surgery has improved greatly over the past de-
cades [7, 28, 39] and more and more authors advocate surgical
strategies even in the elderly nowadays [4, 21, 31]. Gross total
resection (GTR) is also associated with morbidity as well as
mortality; the advent of stereotactic radiosurgery and radio-
therapy put aggressive surgical treatment of meningiomas into
a new light [1, 6, 19]. Therefore, the identification of preop-
erative factors predicting the EOR, overall survival (OS) and
progression-free survival (PFS) is of paramount importance
[5, 16, 20, 27, 32].

Intracranial meningiomas should not be considered a uni-
form clinical entity: for example, their location and World
Health Organization (WHO) grade may lead to various pat-
terns of evolution [11, 24]. Posterior fossa meningiomas
(PFMs) in particular, which represent 10% amongst all me-
ningiomas [36], are a surgical challenge due to their proximity
to important neurovascular structures: thus, clinical and radio-
logical data should be integrated in a prediction tool, to stratify
patients more adequately and to eventually determine person-
alized therapeutic strategy. Such predictive models of the out-
comes of meningiomas’ surgery have already been reported,
but were not intended specifically for PEM [11].

In this study, the preoperative factors associated with EOR,
OS, and PFS in PFMs are reviewed and discussed. Finally, a
decision tree for the management of PFMs is presented with
the rates of GTR in various surgical situations.

Methods and materials
Patient cohort

Data were retrospectively (1990 to 2002) and prospectively
(2003 to 2010) acquired from a databank of Oslo University
Hospital (OUH), which covers an area of approximately 3
million inhabitants and constitutes circa 56% of the
Norwegian population.

All patients who underwent surgical resection of a PFM at
OUH during the study period were included, resulting in a
total of n =198 surgeries performed on n =198 patients.
Preoperative imaging studies (or reports for older cases) were
reviewed to confirm tumor location, contrast enhancement,
and presence of calcification. PFMs were defined according
to Al-Mefty [8] and classified as follows; 1) Cerebello-pontine
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angle (CPA); 2) Inferior aspect of the tentorium (IT); 3) Petro-
clival (PC); or 4) Foramen magnum (FM).

All patients were operated on by the neurosurgical
teams of OUH. The EOR was assessed using the
Simpson grading system [40], based on the surgical report
in conjunction with postoperative imaging. Gross total
resection (GTR) was defined as Simpson grade I, II, or
IIT resections, according to the European Association of
Neuro-Oncology (EANO) [12].

The histopathological diagnosis of meningioma, as
well as the WHO grading were confirmed by a senior
neuropathologist. The WHO grading system was used to
classify the histology of meningiomas. The WHO criteria
changed during the study period: from 1990 to 2001, the
tumors were classified as benign, atypical, or anaplastic.
From 2001 onwards, the WHO-grading system divided
the tumors into grades I, II, and III. For this study, we
re-coded the tumors operated before 2001 in the following
manner: benign = WHO grade 1, atypical = WHO grade II,
and anaplastic= WHO grade II1.

The postoperative image surveillance was left open to
the treating physician’s discretion and has not followed a
rigorous scheme. Tumor progression was defined as any
retreatment for tumor recurrence by means of surgery,
conventional fractionated radiotherapy, or stereotactic ra-
diosurgery. PFS was calculated from time of surgery to
time of retreatment or censoring. OS was defined as the
period between index surgery and all-cause mortality, or
otherwise, date of the last follow-up.

Ethics

The study was regulated by the Personal Data Act/
Personal Health Data Filing System Act and approved
by the Data Protection Official at OUH (2017/5204).
Informed consent was not required, according to the
Personal Data Act/Personal Health Data Filing System
Act.

Statistical analysis

Statistical analysis was performed using R v3.5.1 (https://
www.r-project.org). The significant p value was defined at
0.05. A multivariate analysis was performed, using a
linear generalized model approach. The variables
considered for the Cox regression multivariate analysis
were age, sex, preoperative Karnofsky Performance
Scale as well as the WHO histopathological grade and
postoperative radiation therapy. A classification tree was
created using the classification and regression tree
(CART) recursive partitioning analysis (RPA) [10] that
incorporated the available patient and tumor data before
surgery in order to predict the GTR rate.
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Results

Baseline demographics and symptoms
upon admission

Baseline demographics and symptoms upon admission are
summarized in Table 1. A total of 198 PFMs were retrieved
(144 females; female-to-male ratio, 2.7; mean age, 59.1+
12.9 years) and compared to 1271 supratentorial meningiomas
(STMs) operated in the same institution, during the same time
period. Gender distribution and age were similar in both
groups, but the mean preoperative KPS was significantly low-
er in PFMs than in STMs (78. + 13 versus 82+ 12, p =0.003).
The median follow-up was of 8 years.

As far as the presenting symptoms are concerned, only
5.1% and 5.5% of the infra- and supra-tentorial meningiomas
were asymptomatic. A neurological deficit was most com-
monly seen in both groups, but significantly less often in
PFMs (75.8% versus 57.8%; p < 0.01). Seizures as a present-
ing symptom were significantly less frequent in the PFM
group (33.1% versus 7.1%; p<0.01). Signs of raised intra-
cranial pressure (ICP) were the second most presenting symp-
tom in PFMs and occurred significantly more often than in
STMs (45.5% versus 29.6%; p <0.01).

Tumors characteristics

Tumor characteristics are summarized in Table 1. Pertaining to
WHO grade, no difference was found between PFMs and
STMs. However, tumors invading the adjacent bone structures
were significantly less frequent in the PFM group than in the
STM group (9.1% versus 20.1%; p < 0.01).

Surgical management

PFMs had significantly higher Simpson grades compared to
STMs (p<0.01). GTR (Simpson grades I, II, or III) was
achieved less often than in STMs (59.6% versus 81.9%;
p<0.01, see Table 1).

Predictive factor-associated Simpson scores are shown in
Table 2. When accounting for other co-variables in the multi-
variate analysis, the presence of preoperative neurological
symptoms was predictive of a higher Simpson grade in pa-
tients with PFMs (OR, 2.19 [1.05; 4.58]; p =0.04). Age, gen-
der, KPS >70, and the presence of bone invasion were not
predictive for the Simpson score. Likewise, none of these
factors were predictive for GTR in PFMs.

Classification tree of EOR’s probability
in infratentorial meningiomas

The classification tree of EOR’s probability is shown in Fig. 1:
as they were identified as preoperative predictors of EOR in

PFM, the presence of a preoperative deficit, patient’s age,
preoperative KPS, and bone invasion were implemented in
hierarchical order, using the recursive partitioning analysis
(Table 2). For example, the GTR rate varies from 80% in
patients without a preoperative deficit to 40% patients with a
preoperative deficit, younger than 60 years old, with adjacent
bone invasion.

0S and PFS

Age was significantly associated with reduced OS in PFMs
(OR, 1.08 [1.04;1.12]; p < 0.001). Furthermore, patients with
KPS > 70 had higher OS rates than patients with KPS <70
(OR, 2.70 [2.19;2.92]; p=0.02). Patients with higher WHO
grade meningiomas had an overall reduced OS (OR, 3.56
[1.02;12.47]; p = 0.05). Gender, Simpson grade and postoper-
ative radiotherapy were not predictive for OS. Results are
shown in Table 3. Figure 2 illustrates the Kaplan-Meier curve
of the OS according to KPS (A) and WHO grade (B).

In PFMs, KPS > 70 was the only parameter found to be
associated with increased PFS (OR, 0.26 [0.07;1.00]; p=
0.05), as shown in Table 3. The Kaplan-Meier curves of PFS
according to KPS and age are shown in Fig. 3.

Discussion

In this monocentric, population-based study of 198 patients
with surgically managed PFMs, baseline demographics, pre-
operative clinical data, and outcomes were assessed. They
were compared to 1271 STMs operated at the same institution,
during the same time period. To the best of our knowledge, for
the first time, predictive factors for EOR as well as OS and
PFS were analyzed and organized in a classification tree of
GTR probability. In their case-series, the group of Roberti
et al. previously reported the outcome of 161 PFMs [36];
neither OS nor PFS analysis were provided. The authors con-
cluded that the complete or partial removal of meningiomas
can be performed safely and effectively. Here, we complete
the picture by showing how different variables factor into
EOR, the OS, and the PFS.

PFM: a specific entity

PFMs constitute a subset of intracranial meningiomas, not only
due to the anatomical or surgical specificities of the posterior
fossa, but also because their clinical presentation and behavior
may differ from their supratentorial counterparts [14, 25, 26,
36]. Considering the baseline demographics, age and gender
were similar in the supra- and infratentorial cohorts; however,
patients with PFMs presented more frequently with reduced
KPS, neurological deficits, and elevated ICP at admission
(Table 1). Furthermore, GTR was achieved less frequently than
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Table 1 Baseline demographics,

preoperative status, pathological, Posterior fossa Supratentorial
and radiological postoperative
characteristics of a cohort of 198 (n=198) (n=1271)
patients with surgically managed
posterior fossa meningiomas n % n % p value
Age 59.1+12.9 - 58+20.1 - 0.26
Sex 144 F/54 M - 889 F/382 M - 0.43
Preoperative KPS 78.7+13 - 81.6+11.9 - 0.003
PFMs location
CPA 80 40.4% - -
IT 63 35% - -
PC 37 20.5% - -
FM 18 10% - -
Presenting symptoms
Asymptomatic 10 5.1% 70 5.5% 0.92
Seizures 14 7.1% 421 33.1% <0.01
Raised ICP 90 45.5% 376 29.6% <0.01
Neurological deficit 150 75.8% 735 57.8% <0.01
WHO grade 0.69
I 183 92.4% 1177 92.6%
I 12 6.1% 65 5.1%
I 3 1.5% 29 2.3%
Bone invasion 18 9.1% 256 20.1% <0.01
Simpson grade <0.01
I 26 13.1% 551 43.4%
I 84 42.4% 419 33%
I 8 4% 71 5.6%
v 78 39.4% 224 17.5%
\Y% 2 1% 6 0.5%
GTR 118 59.6% 1041 81.9% <0.01

KPS, Karnofsky Performance Scale; PF, posterior fossa; CPA, cerebello-pontine angle; IT, inferior surface of the
tentorium; PC, petro-clival; FM, foramen magnum; ICP, intra-cranial pressure; M, male; F, female; WHO, World
Health Organization; GTR, gross total resection

Table 2 Factors associated with higher Simpson grade. p values and
odd ratios were calculated using the Cox model multivariate analysis

0Odd ratio p

Age 0.99 [0.98;1.00] 0.30
Sex

Female Réf.

Male 1.16 [0.81;1.67] 0.41
Preoperative Karnofsky

<70 Réf.

>70 0.96 [0.51;1.83] 091
Preoperative symptoms

No Réf.

Yes 2.19 [1.05:4.58] 0.04
Bone invasion

No Réf.

Yes 1.02 [0.58;1.78] 0.96

@ Springer

in STMs (Table 1). This might be due to the more difficult
access to the posterior fossa and the higher complexity of the
lesions, when compared to the supratentorial meningiomas.
Lastly, patients with PFMs had worse long-term outcomes,
when adjusted for age. This is in line with previously reported
data showing that the location plays a major role in the recur-
rence of meningiomas [24, 30, 43]. This is also supported by
recently published data, showing that meningiomas in different
anatomic regions present distinct genetic alterations, which are
specific to their locations [38]. Therefore, the above-mentioned
specificities of PFMs lead to varying overall EOR, OS, and
PFS after surgery. This should certainly be taken into account
in their management.

Intracranial meningiomas should not be considered a uni-
form entity, but rather be sub-categorized as done with his-
topathology. It becomes evident that the Simpson grading is
not the sole prognostic factor for long-term radiological and
clinical outcome.
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n= 198 patients

Preoperative deficit

no yes
n=10 n= 188

80% of
GTR Age
n=8 < 60 y.o. 2 60y.0.
n=1 n= 84
Bone invasion KPS
no yes <70 >70
n= 94 n=10 n=5 n=79
64.9% of 40% of 80% of X .
GTR GTR GTR Bone invasion
n=61 n=4 n=4 yes no
n=6 n=73
66.6% of 53.4% of|
GTR GTR
n=4 n= 39

Fig. 1 Classification tree of gross total resection (GTR) probability of
posterior fossa meningiomas based on preoperative variables (gray
boxes), hierarchically organized. The presence of a preoperative deficit,
age over or under 60 years, KPS, and adjacent bone invasion were
analyzed. For example, a patient with preoperative deficit, older than
60 years with a KPS <70 will have an 80% probability of GTR

Preoperative status and EOR

The presence of preoperative neurological symptoms was pre-
dictive of higher postoperative Simpson grades. The increased

Table 3  Predictive factors of overall survival and progression-free sur-
vival. p values and odd ratios were calculated using the Cox model mul-
tivariate analysis. RT: radiation therapy

Overall survival Progression-free survival

0Odd ratio P Odd ratio p

Age 1.08 [1.04;1.12] <0.001 0.98[0.95;1.01] 0.19
Sex

Female Réf. Réf.

Male 1.38 [0.66;2.86]  0.39 1.56 [0.68;3.56]  0.29
Preoperative Karnofsky

<70 Réf. Réf.

>70 0.37[0.15;0.88]  0.02 0.26 [0.07;1.00]  0.05
WHO grade

1 Réf. Réf.

1T and 1T 3.56 [1.02;12.47] 0.05 0.98 [0.12;8.37]  0.99

Simpson grade 1.23 [0.85;1.76]  0.27 1.20[0.82;1.76] 0.34
Postoperative RT
No Réf. Réf.

Yes 044[0.15131] 0.4  048[0.13;1.79] 027

anatomo-surgical complexity, especially with cranial nerve
(CN) involvement, might have prevented the complete resec-
tion in certain cases [18, 29, 34]. In their case-series, Roberti
et al. [36] reported that CN deficits were the most common
finding at presentation; 37% of the patients had oculomotor
impairment, 38% trigeminal dysfunction, and 42% presented
with vestibulo-cochlear impairment, although serviceable
hearing was preserved in 93%. The authors reported a GTR
of' 57%, which is comparable to our cohort [36]. Gousias et al.
[13] recently analyzed the outcomes of 901 consecutive pa-
tients with WHO grade [ to III meningiomas who underwent
surgical resection, showing that the Simpson grade was an
independent predictor of the PFS [13]. Hence, achieving a
maximal resection of the meningioma remains the main goal
of the surgery [9, 15, 37]. The implementation of our classifi-
cation tree in the preoperative discussion may provide useful
information as with regard to the probability of achieving
GTR. At last, when GTR is not feasible, adjuvant therapies
can be streamlined upfront.

Preoperative performance

A higher preoperative KPS was associated with increased PFS
and OS; this observation was also made by Kressner et al.
[22]; the authors also showed that 294 patients improved their
KPS after surgical treatment by a mean of 2.3% [22]. An even
higher postoperative clinical improvement (up to 21% in-
creased KPS) has been reported by Umansky et al. in a small
cohort of 37 patients [42]. However, none of these studies
were focused on PFMs. Even though the KPS is a key factor
in the decision-making process, it can be improved by the
surgery itself. Thus, KPS inferior to 70% may not be an ab-
solute contraindication to surgery in selected cases. Predictive
factors of PFS in infra-tentorial meningiomas are summarized
in Table 3.

Perspectives in the surgical management of PFMs

Considering all the preoperative variables reviewed in this
article, a decision tree is presented in Fig. 1, summarizing
the rate of GTR in PFMs according to age, preoperative
KPS, presence of bone invasion, and presence of a preopera-
tive neurological deficit. Using these data, this decision tree
may help in determining the individual risk for incomplete
resection and plan a two-staged treatment with surgical
debulking followed by adjuvant therapy for patients at risk.
On the other hand, the risk of the recursive partitioning anal-
ysis is to produce an over-fitted model based on our data that
may not be extrapolated to other populations. For example,
patients without preoperative neurological deficit have a su-
perior rate of GTR, when compared to those with preoperative
neurological deficit. This is probably due to the clinical con-
text, as surgeons tend to aim for elective, maximal surgical
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Fig. 2 Kaplan-Meier curves of a cohort of 198 posterior fossa
meningiomas managed by surgery. A: overall survival (OS) in patients
with preoperative Karnofsky Performance Scale <70% and >70%.

resection with accurate preoperative planning in cases where
no preoperative deficit is found. Surprisingly, patients with
KPS <70 had superior rate of GTR when compared to pa-
tients with KPS > 70. This may be due to the fact that in cases
with preoperative KPS < 70, only those patients with a favor-
able clinical situation (no other co-morbidities, pre-planned
elective surgery) were operated. A similar explanation can
be advocated regarding the age, as the patients > 60 years
may have superior rate of GTR when compared to patients
< 60 years. Finally, patients with bone invasion had increased
rates of GTR, because in our cohort the bone invasion
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B: OS in patients with WHO I and WHO II/III posterior fossa meningi-
omas. *: statistically significant difference

concerned mainly the posterior fossa convexity, not the pe-
trous bone or the clivus.

Therefore, The CART might bear a potential recruitment
bias, owned to the fact that surgery was only proposed to
carefully selected patients. However, it hopefully will serve
as a good basis for the establishment of a management
protocol.

This study is the first to provide a classification tree of the
predictors of EOR in PFMs. As presented in Fig. 1, the EOR is
very high for patients without any preoperative deficit. In fact,
the absence of clinical signs testifies against the involvement
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Fig. 3 Kaplan-Meier curves of a cohort of 198 posterior fossa meningiomas managed by surgery. A: progression-free survival (PFS) according
Karnofsky Performance Scale < 70 and >70 . B: PFS according to age < 60 and > 60. *: statistically significant difference
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of any neural or vascular structures, rendering PFMs surgery
more straightforward. In contrast, surgeons might be more
reluctant to aim for a maximal, single-staged surgery, to pa-
tients with CN involvement or entrapment of critical vascular
structures. This might result in a pre-planned debulking
followed by close radio-clinical follow-up or radiotherapy.

Strengths and limitations

The main strengths of this clinical study are the clinical set-
ting, the number of patients as well as the length of follow-up
up to 21 years. Loss of follow-up was minimal since all pa-
tients with a postoperative complication or recurrence were
systematically re-referred to our tertiary center. Only one pa-
tient was lost to follow-up, moving abroad. The data stem
from one neurosurgical center with mostly homogenous sur-
gical practices. All patients with a histologically proven me-
ningioma were included, which reduces selection bias.

The retrospective data collection before 2003 is a limita-
tion. Moreover, tumors’ grading were done according to two
different WHO classifications, as mentioned in the methods
section. Due to the long period of data collecting starting in
1990, tumor size and molecular biomarkers of proliferation
such as Mib-1 were not available for all patients, despite being
known factors influencing OS and/or PFS [3]. Furthermore,
surgical and monitoring techniques evolved dramatically dur-
ing the study period. Regarding mortality, no disease-specific
survival was registered.

The choice to regroup all PFMs together for the statistical
analysis and the data interpretation may also be subject to
question: meningiomas do not represent a homogenous pa-
thology and may present with different patterns of evolution
and therapeutic managements, especially depending of their
location and WHO grade. The global results presented may
therefore not be representative of these specific subgroups of
meningiomas. As previously mentioned, there is a risk of the
recursive partitioning analysis to produce an over-fitted model
based on our data that may not be extrapolated to other pop-
ulations. Also, the CART might bear a recruitment bias be-
cause surgery was performed on carefully selected patients.

In our cohort of patients, the RPA analysis (represented by
the decision tree) identified populations at risk of poor EOR,
regarding to selected preoperative characteristics. The predic-
tive value of our decision tree needs to be tested in a validation
cohort.

Conclusion

PFMs constitute a distinct subset of intra-cranial meningiomas
with specific predictors of EOR, rates of GTR, OS, and PFS.
Considering preoperative demographics, clinical, and radio-
logical variables, a management protocol with an estimated

EOR can be implemented in the decision-making process for
PFMs.
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