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Simple Summary: Intracranial meningiomas account for 30% to 40% of the primary lesions of the
central nervous system. Surgery is the mainstay treatment whenever symptoms related to an intra-
cranial meningioma are encountered. However, the management of recurrences after initial surgery,
which are not uncommon, is still a matter of debate. Here, we present the alternatives described in the
management of meningioma recurrence (radiotherapy, stereotaxic radiosurgery, protontherapy, and
chemotherapy, among others). Their overall results are compared to surgery and future perspectives
are presented.

Abstract: Background: While meningiomas often recur over time, the natural history of repeated
recurrences and their management are not well described. Should recurrence occur, repeat surgery
and/or use of adjuvant therapeutic options may be necessary. Here, we summarize current practice
when it comes to meningioma recurrence after initial surgical management. Methods: A total of
N = 89 articles were screened. N = 41 articles met the inclusion criteria and N = 16 articles failed to
assess management of meningioma recurrence. Finally, N = 24 articles were included in our review.
Results: The articles were distributed as follows: studies on chemotherapy (N = 14), radiotherapy,
protontherapy, and stereotaxic radiosurgery (N = 6), boron-neutron capture therapy (N = 2) and
surgery (N = 3). No study seems to provide serious alternatives to surgery in terms of progression-
free and overall survival. Recurrence can occur long after the initial surgery and also affects WHO
grade 1 meningiomas, even after initial gross total resection at first surgery, emphasizing the need for
a long-term and comprehensive follow-up. Conclusions: Surgery still seems to be the state-of-the-art
management when it comes to meningioma recurrence, since none of the non-surgical alternatives
show promising results in terms of progression-free and overall survival.

Keywords: meningioma; recurrence; overall survival; progression-free survival; retreatment

1. Introduction

Intracranial meningiomas are amongst the most common intracranial tumors and
are regularly encountered in neurosurgical practice. Their initial management is often
straightforward and treatment is typically advocated when symptoms are present or if
growth is observed on serial imaging [1]. In this case, maximal safe tumor resection,
as well as complete removal of the dural tail, is advocated [1,2]. Depending on size,
location, and anatomical relationship with the surrounding structures, achieving a gross
total resection (GTR) can be challenging [2–10] and may not even be worth the risk of
surgery-related morbidity and functional impairment [5,11]. This is particularly true for
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skull base meningiomas (SBMs), where a radical excision may represent a challenge and
sometimes even be detrimental, especially when cranial nerve and vascular structures are
involved [5,7,8,12–15]. In this perspective, meningiomas might be viewed as a chronic
condition rather than a tumor to be eradicated at all costs.

The classic description of the extent of resection (EOR) of meningiomas relies on the
surgeon’s intraoperative assessment of whether the tumor has been biopsied, subtotally
removed, completely removed, or completely removed with additional resection of dural
and bone invasion, as described by Simpson in 1957 [16]. However, the Simpson grading
represents the surgeon’s subjective evaluation [17], it is less sensitive for SBMs [2,18,19],
and the risk of residual tumor in the resection margins exists even after Simpson grade 1
surgery [20]. Yet, the EOR has been the most privileged prognostic factor of progression-
free survival (PFS) for years [11,19,21–26], and it is now widely accepted that a complete
resection yields superior disease control with a lower risk of recurrence in low-grade menin-
giomas and increased overall survival (OS) in high-grade meningiomas [2,10,16,17,27].

Meningiomas often recur over time, regardless of the initial EOR [10,25,26], and repeat
surgery and/or use of adjuvant therapeutic options may be necessary. While there is
abundant literature on the initial management of meningiomas, the natural history of
repeated recurrences and their management is less well described [10,11,13,28–30]. Our
aim was to summarize current practice when it comes to meningioma recurrence after
initial surgical management.

2. Methods

A systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [31]. No registration
was required for this study.

On 6 June 2022, a search of literature in Embase, Cochrane Library, PubMed, Google
Scholar, and Web of Science was performed. We included literature from January 2012 to
May 2022. The following Medical Subject Heading (MeSH) terms were used: “meningioma”
AND “recurrence” AND “treatment” OR “management” OR “adjuvant” OR “therapy” OR
“surgery” OR “retreatment” OR “re-operation” OR “radiotherapy” OR “radiosurgery” OR
“proton-therapy” OR “gamma-knife”, resulting in a list of N = 307 articles.

The inclusion criteria were: (1) peer-reviewed research articles, retrospective or
prospective in adult patients diagnosed with recurrent meningioma; (2) histologically
confirmed meningioma; (3) number of cases > 5 patients; (4) studies assessing either
chemotherapy, radiotherapy (RT), proton-therapy (PT), brachytherapy (BT), stereotaxic
radiosurgery (SRS), boron-neutron capture therapy (BNCT) or surgery; and (5) studies
written in English, French, German, or Italian language.

Exclusion criteria were: (1) tumors other than meningiomas; (2) publications other
than original reports and redundant data of a single dataset; (3) editorials, technical notes,
letters, review articles; and (4) studies assessing > 1 adjuvant therapy modality on menin-
gioma recurrences.

The titles and abstracts of all the articles were screened independently by the au-
thors and all the relevant full-text copies were acquired. The following data items were
considered: (1) study characteristics (author, year, sample size, study design); (2) inter-
vention (surgery, RT, SRS, chemotherapy, other); (3) outcome measures (PFS and OS); and
(4) duration of follow-up (FU) (Table 1).

A PICO question (P: Patient/Problem, I: Intervention, C: Comparison, O: Outcome)
was formulated to lead the selection process: the population was defined as adult patients
with intracranial meningiomas, the intervention was any type of procedure performed, and
the outcomes were PFS and OS.
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Table 1. List of articles encompassed in the review, including their design as well as the primary
and secondary outcome measures. N: Number of patients; P: Prospective; R: Retrospective; PFS:
Progression-free survival; OS: Overall survival.

Author Year N Design Primary Endpoint Secondary Endpoint

Chemotherapy

1 Mason et al. [32] 2002 20 P Radiographic assessment 12-months-PFS; safety

2 Chamberlain et al. [33] 2006 16 P 6 months-PFS OS, radiographic response, safety

3 Kim et al. [34]. 2012 13 P PFS -

4 Reardon et al. [35] 2012 21 P 6 months-PFS Radiographic response rate, OS
and safety

5 Raizer et al. [36] 2014 25 P 6 months-PFS OS, radiographic response

6 Simò et al. [37] 2014 9 P Radiographic assessment OS, PFS

7 Kaley et al. [38] 2015 36 P 6 months-PFS Radiographic response rate, safety,
PFS, OS

8 Karsy et al. [39] 2015 7 P Radiographic assessment PFS, safety

9 Norden et al. [40] 2015 34 P 6 months-PFS Radiographic response rate, OS
and safety

10 Furtner et al. [41] 2016 34 R Radiographic assessment -

11 Shih et al. [42] 2016 18 P PFS Radiographic response rate, OS
and safety

12 Cardona et al. [43] 2019 31 P PFS OS, toxicity

13 Graillon et al. [44] 2020 20 P 6 months-PFS
PFS; OS; 3D Tumor growth;

SSTR2A expression; NF2 mutation
identification; safety

14 Belanger et al. [45] 2022 11 P PFS OS

Radiotherapy and protontherapy

15 Bartolomei et al. [46] 2009 29 P PFS OS

16 Wojcienszynski et al. [47] 2012 19 R PFS -

17 Gerster-Gilliéron
et al. [48] 2015 15 P PFS Toxicity

18 Gallagher et al. [22] 2016 145 R PFS -

19 Champeaux-Depond
et al. [49] 2021 193 R PFS OS

Boron neutron capture therapy

20 Takeuchi et al. [50] 2018 31 R Radiographic assessment OS

21 Takai et al. [51] 2022 44 R Radiographic assessment OS, PFS

Surgery

22 Magill et al. [52] 2018 78 Retrospective PFS OS

23 Lemée et al. [29] 2020 1469 Retrospective PFS OS

24 Richardson et al. [53] 2021 56 Retrospective WHO performance PFS, OS

Finally, the Appraisal of Guidelines for Research and Evaluation (AGREE) Reporting
Checklist was performed to reach the highest possible quality of manuscript [54].
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3. Results
3.1. Articles Included

After careful review of abstracts, a total of N = 89 articles were included and
screened. N = 41 articles met the inclusion criteria and N = 16 articles failed to assess
management of meningioma recurrence. Finally, N = 24 articles were included in our
review [22,29,32–47,49–53,55–57] (Flowchart 1). The articles were distributed as follows:
studies on chemotherapy (N = 14); RT, PT, and SRS (N = 6); BNCT (N = 2); and surgery
(N = 3). Date of publication, design, primary and secondary endpoints of the studies are
summarized in Table 1.
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3.2. Chemotherapy

A total of N = 14 studies assessing the efficiency of chemotherapeutic agents were re-
trieved and distributed as follows: >1 drugs assessed (N = 1); Protein-kinase inhibitors (PKI;
N = 3); Sunitinib Malate (N = 2); Hydroxyurea (HU; N = 5); Somatostatin analogues (SSA;
N = 2); other drugs (N = 2). Studies assessing chemotherapy in recurring meningiomas are
summarized in Table 1.

3.2.1. Multiple Chemotherapeutic Agents

The radiologic effect of various chemotherapeutic agents on recurring meningiomas
has been studied by Furtner et al. [41] in the perspective of growth rate, tumor volume,
diameter, and size of tumor-associated edema. The authors evaluated and compared the
role of bevacizumab, somatostatin analogues, tyrosine kinase inhibitors (TKI), and other
cytotoxic agents in N = 34 patients. Overall, growth rate decreased during therapy by 51%
and 14% for diameter and volume, respectively. In this study, bevacizumab appeared to be
the most powerful agent showing a reduction of 80% in diameter and 59% in volume and
being the only drug acting on peritumoral edema.

Protein-Kinase Inhibitors

Three distinct phase II trials assessed the role of protein-kinase inhibitors (PKI) as
adjuvant drugs in recurrent, surgery- and radiation-refractory WHO grade 1–3 menin-
giomas [36,42,44]. PKI were administered either as stand-alone therapy [36], or combined
with somatostatin analogues [44] or anti-VEGF [42].

In a study from Raizer et al. [36], the authors used TKI PTK787 in N = 25 patients,
of whom N = 11 patients had prior systemic chemotherapy. In this study, the majority of
patients had WHO grade 2 and 3 meningiomas (N = 14 and N = 8, respectively). The results
show that at best, a stable disease is observed, with PFS at six months (PFS-6) of 64.3% in
WHO grade 2 patients and median PFS and OS of 6.5 months and 26 months, respectively.
In WHO grade 3 patients, PFS-6 was 37.5% and median PFS and OS were 3.6 months and
23 months, respectively.

Graillon et al. [44] investigated the efficacy of the combination of everolimus and
octreotide in N = 20 patients with a majority of WHO grade 2–3 tumors (N = 18), showing
a decrease in growth rate at 3 months in almost 80% of the tumors. More specifically, the
overall growth rate fell from 16.6% before inclusion to 0.02% at 3 months, and 0.48% at
6 months post-inclusion [44].

The combination of everolimus with bevacizumab was tested by Shih et al. [42] in
N = 17 patients suffering from WHO grade 1–3 recurrent meningiomas (29%, 41%, and 24%
of WHO grade 1, 2 and 3 respectively). The overall median PFS of the cohort was 22 months
(95% CI 4.5–26.8) and was greater for patients with WHO grade 2 and 3 compared to grade I
tumors (22.0 months vs. 17.5 months).

Sunitinib Malate

Sunitinib malate is a TKI targeting specifically vascular endothelial growth factor
receptors (VEGFR), platelet-derived growth-factor receptor (PDGFR), and CD117.

Kaley et al. [38] showed the link between VEGFR expression and PFS using sunitinib
malate in a cohort of N = 36 patients with surgery and radiation-refractory recurrent WHO
grades 2–3 meningiomas (Phase II trial). Patients with VEGFR-negative tumors had a
median PFS of 1.4 months, while patients with VEGFR-positive meningiomas had a median
PFS of 6.4 months (p < 0.05), The overall PFS-6 of the cohort was 42%, while the median
PFS was 5.2 months (95% CI: 2.8–8.3). The median OS was 24.6 months (95% CI: 16.5–38.4).

Later, Cardona et al. [43] compared the effectiveness of sunitinib versus octreotide
and everolimus in a cohort of N = 31 patients with recurrent WHO grade 2 and 3 menin-
giomas. N = 14 patients received combination therapy with octreotide/everolimus and
N = 11 received sunitinib alone, while N = 6 patients received other therapy. The PFS in
the octreotide/everolimus group was 12.1 months (95% CI 9.2–21.1) versus 9.1 months
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(95% CI 6.8–16.8) in the cohort treated with sunitinib (p = 0.43), showing how the expression
of VEGFR and PDGFR could be linked to better outcomes [43].

Hydroxyurea

HU was assessed in N = 5 studies [32,34,35,39,55] of which N = 2 were phase II
trials [35,55]. HU was assessed either alone [32,34] or in combination with other anti-
neoplastic drugs [35,39,55].

Mason et al. [32] focused on recurrent, unresectable WHO grade 1–3 meningiomas
involving dural venous sinus in N = 20 patients. In patients with WHO grade 1 lesions
(N = 16), the PFS-12 was 93%, while tumor progression was observed in all the remain-
ing patients.

Kim et al. [34] treated N = 13 patients showing recurrent WHO grade 1–2 meningiomas
with HU. N = 10 patients showed disease stability with PFS ranging from 8–128 months
(median 77 months).

Reardon et al. [35] combined HU and imatinib in N = 21 patients; PFS-6 was 61.9%,
87.5%, and 46.2% in WHO grade 1, 2, and 3, respectively, while Mazza et al. [55] assessed
the same association in N = 15 patients and compared it to a protocol with HU alone. The
trial closed prematurely due to slow enrollment rate but the association of HU with imatinib
versus HU alone was rather in favor of HU, since the two groups showed significantly
different median PFS at 9 months post-inclusion (4.0 versus 19.5 months, respectively).

Karsy et al. [39] combined HU to verapamil to treat WHO grade 1–2 meningiomas
in N = 7 patients [39], with no radiographic response during FU. The median PFS was
8 months, while PFS-6 was 85%.

Somatostatin Analogues

SSAs were used in N = 2 phase II trials [37,40,48].
Simò et al. [37] used octreotide in N = 9 patients with WHO grade 2–3. The me-

dian time-to-progression was 4.2 months (1.0–9.4) and all patients had tumor progres-
sion 10 months after inclusion. Norden et al. [40] assessed the efficacy of pasireotide in
N = 34 patients with recurring WHO grade 1–3, but failed to find any radiographic response
during FU.

Other Drugs

Chamberlain et al. [33] assessed the role of irinotecan, a topoisomerase I inhibitor,
in recurring, radio-resistant WHO grade 1 meningiomas in a phase II trial involving
N = 16 patients, using the PFS-6 as primary outcome. Since no patient showed PFS-6, the
study was stopped prematurely.

Recently, Belanger et al. [45] retrospectively assessed PFS and OS in N = 11 patients
who underwent adjuvant therapy using temozolomide (TMZ) in addition to postoperative
RT, with a median follow-up of 41.5 months. While N = 3 patients died during FU, the
N = 2 patients with WHO grade 3 meningiomas showed recurrence less than three months
after initiation of adjuvant therapy. Three-year OS and PFS for WHO grade 2 meningiomas
were both 88%, with a 3-year median OS and PFS of 83% and 75.8%, respectively [45].

3.3. Radiotherapy, Brachytherapy, and Stereotaxic Radiosurgery

A total of N = 5 studies assessing the efficiency of RT, PT, and BT were retrieved.
Bartolomei et al. [46] used (90)Y-DOTATOC in N = 29 patients with recurring WHO

grade 1–3 meningiomas with strong expression of somatostatin receptors. Magnetic res-
onance imaging (MRI) showed stabilization in 66%, while 34% had disease progression.
The median PFS was 61 and 13 months in low- and high-grade meningiomas, respectively.
A similar protocol was reported by Gerster-Gillieron et al. [48], an overall PFS exceeding
24 months in patients with WHO grade 1–3 tumors.

Champeaux-Depond et al. [49] reviewed cases of patients who underwent proton-therapy
following meningioma recurrence or progression after initial surgery: the authors included
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data from N = 193 patients, with a median FU of 4.4 years (IQR 4.85–4.71). The five-year PFS
were 71.5% (95% CI 64.4–79.4), 55.6% (95% CI 32.5–95), and 35.6% (95% CI 12.8–98.9) for WHO
grade 1, 2, and 3 meningiomas, respectively. The 5-years OS rates were 93% (95% CI 88.7–97.4),
76.4% (95% CI 51.4–100), and 44.4% (95% CI 16.7–100) for WHO grade 1, 2, and 3 menin-
giomas, respectively [49].

Wojcienszynski et al. [47] reviewed data from N = 19 patients with meningioma initially
treated with SRS or fractionated stereotactic RT, of which N = 11 presented recurrence
requiring re-irradiation. The overall median time-to-second progression was 10 months
while PFS at one year was reduced in patients with higher grade meningiomas compared
to patients with benign histology. The median PFS for patients with WHO grade 2–3 was
8 months while it was not reached for patients with benign histology. Altogether, these
results indicate that reirradiation is not an option in higher grade meningiomas.

Gallagher et al. [22] retrospectively analyzed their series of N = 145 patients with
WHO grade 1 meningiomas undergoing surgical resection with a median FU of 60 months.
N = 10 cases had recurrence/progression at a median period of 42 months. Of these, four
remained under active surveillance, three received SRS, and three were treated with RT.

Boron Neutron Capture Therapy (BNCT)

N = 2 studies assessed the efficacy of BNCT in recurring meningiomas. Takai et al. [51]
used BNCT in N = 44 patients with high grade meningiomas and reported their results
in a retrospective, single-center study. The authors analyzed the OS after initial diagnosis
and after BNCT as well as PFS after BNCT. The median FU after BNCT was 26 months
(6.4–103) and median OS after BNCT was 29.6 months (95% CI 16.1–40.4), while the median
OS after initial diagnosis was 98.4 months (95% CI: 68.7–169.4). N = 35 tumors showed
shrinkage during the observation period. The median PFS post-BNCT was 13.7 months
(95% CI 8.3–28.6) and local recurrence was observed in 22% of cases.

Takeuchi et al. [50] reported their results using BNCT in patients with high-grade
recurring meningiomas. In patients with SBM, OS were 24.6 and 67.5 months after BCNT
and diagnosis, respectively.

3.4. Surgery

N = 3 studies assessed the efficacy of surgery in recurring meningiomas. In a mixed
retro- and prospective study, Lemée et al. [29] reported a cohort of N = 1469 patients with
surgically managed meningiomas, in which N = 114 recurrences occurred. The risk of hav-
ing a surgical re-treatment was 1% per patient-year of follow-up (total 11,414 patient-years
of follow-up), with a decreasing time-to-retreatment after repeated surgeries for recurrences
(from 4.3 ± 5 years after initial surgery to 2.4 ± 2.9 years after third surgery) [29].

Richardson et al. [53] investigated the outcomes of N = 56 patients who had re-
operation for meningioma recurrence. The median time to re-operation after initial surgery
was 35 months (95% CI 28.9–41.1), while it was 68 months (95% CI 49.1–86.9) after re-
operation. The median OS was 312.0 months (95% CI 257.8–366.2).

In a retrospective review, Magill et al. [52] analyzed data from patients with recurrent
SBM, with a median FU of 8.5 years. A total of N = 78 patients underwent re-operation,
N = 17 had a second-re-operation, and N = 3 had a third recurrence requiring surgery. The
median time to-reoperation was 4.4 years after initial surgery, and 4.1 years from the second
to the third surgery. The 1-, 2-, 5-, and 10-year OS rates after the first reoperation were
94%, 92%, 88%, and 76%, respectively. The median survival after the first reoperation was
17 years.

4. Discussion
4.1. Recurrence and Long-Term Follow-Up

Our aim was to summarize current practices in the management of intra-cranial
meningioma recurrences after initial surgery, from the perspective of chemotherapy and
radiotherapy (and other assimilated therapies) as well as surgery. Although the results are
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heterogeneous and no study seems to provide serious alternatives to surgery in terms of
PFS and OS, the results allow us to grasp two important aspects: (1) recurrence can occur
long after the initial surgery, which implies that the FU must be extended, and (2) recurrence
certainly affects WHO grade 2 and 3 meningiomas (sometimes early or ultra-early), but
also benign meningiomas, even after achieving GTR at first surgery, emphasizing again the
need for a long-term and comprehensive follow-up [10].

The need for a long-term follow-up is well illustrated by the study from Pettersson-
Segerlind et al. [10], which analyzed the 25-years recurrence rate of a cohort of N = 51 patients
operated on for parasagittal meningiomas between 1975–1979, showing a recurrence rate
as high as 47%.

4.2. Lack of Data and Heterogeneity

When considering the frequent occurrence of intracranial meningiomas, we were
surprised by the paucity of studies focusing on non-surgical management. Aside from
being rare, the studies often involve only few patients and combine drugs and pathologies;
i.e., do we include apples and oranges when WHO grade 1 and 2/3 are studied in the same
protocol? Lastly, some studies failed to show any positive results [33,39,40] or were even
stopped prematurely due to slow inclusion [35]. Altogether, data retrieved are rather weak
and might be questionable in the perspective of their applicability to larger cohorts.

For example, while Furtner et al. [41] describe a very encouraging radiographic
response when recurrent meningiomas were treated with various chemotherapeutic agents
and the use of everolimus in combination with octreotide or bevacizumab may be useful in
WHO grade 2 and 3 meningiomas [42,44], no drugs among PKI, sunitinib malate, HU, SSA,
irinotecan, or temozolomide seem to be really promising at this point.

A similar observation can be made from results of cohorts treated with RT, BT, PT,
and SRS as stand-alone therapies of recurring meningiomas. Furthermore, re-irradiation of
initially irradiated meningiomas does not seem to carry benefits in terms of PFS in WHO
grade 2–3, which are precisely the lesions for which irradiation would be most benefi-
cial [47]. This also raises the question of the time-interval between irradiating treatments,
their modalities (SRS, RT, other), and the dose that should be used. Results of trials such as
the ROAM study (Radiation versus Observation following surgical resection in atypical
meningiomas) are expected to shed light on these issues [58].

Lastly, only a single article assessed the role of PT in recurring meningiomas. This is sur-
prising since PT has been shown to be effective and safe in the treatment of low-grade menin-
giomas, especially in cases of SBMs, complex or radiation-induced meningiomas [59–67].

4.3. Bias towards Surgery

Lemée et al. [29] and Richardson et al. [53] have shown that PFS after re-surgery is
far longer than after non-surgical adjuvant therapies. Certainly, this may be regarded as
an argument in favor of surgery for recurring meningiomas, as it is shown by the cohort
of recurring SBMs described by Magill et al. [52]. However, populations and tumors
studied may differ in terms of patients baseline demographics, tumor locations, size, and
grades. Altogether, this may bias our perception of surgery being the best answer for
recurring meningiomas.

This may result in a situation where a lack of efficient non-surgical adjuvant ther-
apies leads to a quasi-dichotomous situation where either “nothing” (i.e., observation)
or re-operation occur. When it comes to dealing with higher grade meningiomas, the
management of recurrence is even more complex, especially when GTR cannot (or must
not) be achieved. This leads to a vision that maybe misses the current general consensus
where a patient-tailored management, emphasizing functional preservation and quality
of life, based on a case-by-case discussion in accordance with the overall guidelines of the
European Association of Neuro-Oncology [1] is increasingly advocated. In our opinion, this
vision should be supported by clear-cut guidelines in cases of recurrence or progression.
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Lastly, trials assessing alternatives to re-surgery in recurring meningiomas are regu-
larly brought to the field, illustrating a constant effort to improve patient care and overall
outcomes. Still, data are scarce and heterogeneously reported, and results demonstrate how
difficult it is to find the one-size-fits-all solution. As an example, Klinger et al. [68] reported
data from N = 19 patients developing recurrence of atypical meningiomas initially treated
by surgery, using repeat surgery and radiation therapy (either gamma-knife, cyberknife,
or intensity-modulated radiation therapy), were treated with radiation therapy alone or
surgery alone. Although the survival rate at last FU was 95.3%, it is difficult to determine
whether it’s related to surgery or radiotherapy [68].

4.4. Risk Factors of Recurrence

Amongst predictors of recurrence, the WHO grade and location are the strongest [3,8,29],
while clinical and radiological parameters are also to be considered [69]. The role of genomics
and genetic profiling is being increasingly discussed [70–73]. Besides, PFS is directly related
to the EOR in any WHO grade. Simpson grades 1, 2, and 3 are considered GTR by the
European Association of Neuro-Oncology (EANO) [1]; while Simpson grade 3 is compatible
with complete removal, the risk of residual tumor in margins, surrounding inflammatory
tissues, meninges and bone is relatively high, as is the risk of recurrence [17,24,74].

Predictors of incomplete resection have been described elsewhere [11] and are pre-
dominantly: (1) symptomatic presentation; (2) skull-base location, and (3) bone invasion.
For example, Da Broi et al. [28] showed that in subtotally resected WHO grade 1 SBMs,
re-treatment rate may rise up to 16%, 27%, 34%, and 38% at 1, 3, 5, and 10-years follow-
up, illustrating how frequently recurrences are encountered after surgery [28]. Besides,
Kuranari et al. [75] assessed the predictors of shorter PFS in SBMS after initial surgical
management: the 2-, 5-, and 10-year PFS rates were 68%, 53%, and 23%, respectively. The
authors showed that higher WHO grades, multiple lesions, and tumor size were associated
with shorter PFS, while postoperative radiotherapy improved PFS in patients with WHO
grade 2 lesions after initial subtotal resection. Altogether, these data suggest that when con-
fronted to locations (or any other predictor) associated with an increased risk for recurrence,
it may be of interest to discuss upfront SRS/SRT or systematic adjuvant therapy.

On the other hand, Al-Mefty et al. [76] showed radiation-induced meningiomas
are more aggressive lesions with extremely elevated rates of recurrences, along with
higher histopathological grade and complex cytogenetic aberrations. This goes along
with the findings of Couldwell et al. [77], showing how skull-base meningioma can grow
aggressively after radiosurgery, even in the long-term. In this case, observation is an
option in the first instance, but only at the price of long-term, comprehensive, and expert-
supported policy.

4.5. Detecting Recurrences

Previously, Lemée et al. [29] reported a decreasing time-to-retreatment in repeated
surgeries for recurrences (from 4.3 ± 5 years after initial surgery to 2.4 ± 2.9 years after third
surgery), supporting further the need for accurate and comprehensive follow-up protocols.

Most studies use variable follow-up policies, as EANO recommendations are based on
consensus opinion of experts rather than scientific evidence, resulting in varying intervals
between FU visits, according to tumor and patient’s characteristics.

As an alternative to the Simpson grading scale, the postoperative MRI allows the
objective and early assessment of the EOR [1] during FU; still, meningioma cells have
the potential to invade adjacent mesenchymal tissues at a microscopic level [78] and
tumor remnants can be easily be overlooked, even with high-field MRI [79]. Recently,
Boto et al. [80] challenged the pertinence of contrast-enhanced MRI in the follow-up of
patients with untreated intracranial meningiomas, showing that the use of 3D-T2 weighted
images could be as accurate as T1 3D-gadolinium sequences. Given concerns relating to
repeat administration of gadolinium-based contrast may lead to depositions in the dentate
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nucleus and the globus pallidus [81], non-contrast MR imaging should probably be favored
when possible.

Recent studies show that imaging techniques other than MRI may be superior to
detect recurrence during FU. Ueberschaer et al. [82] compared the use postoperative MRI
and 68Ga-DOTATATE/PET-CT within 6 months after surgery: PET-CT showed uptake
in 15/37 patients with GTR (defined as Simpson grades 1 and 2), suggesting unexpected
tumor remnants (41% false negative) and MRI was false negative in 7 of these 15 cases
(19% false negative) (p = 0.037), showing how PET-CT improves detection rates compared
to MRI. These results were corroborated by Gay et al. [83].

The Copenhagen Grading (postoperative PET-MRI imaging with 68Ga-DOTATOC)
was proposed to provide a more sensitive and specific imaging than MRI following surgery
of meningiomas [84]. Since almost all meningiomas overexpress SSTR-2, identification of
residual tumor even in the mm range is feasible by combining the radiotracer SSTR-2 ligand
Ga-68 DOTATOC and PET-MRI performed on a high-resolution research tomograph [85,86].

4.6. The Role of the Methylome as Predictor of Tumor Recurrence and Prognosis

Molecular biology and genomics represent an opportunity for the development of
future prognostic tools that could be implemented in the daily practice and treatment
of meningiomas, as is already the case in the management of gliomas. The methylation
profiling has been shown to better define subgroups of meningiomas [71,87], when it
comes to elaborate the risk of recurrence and the overall prognostics of a meningioma.
This should also be considered when confronted with recurrences. Hence, the role of
the DNA-methylation-based classification of meningiomas should be considered not only
when confronted with a meningioma after initial recurrence, but also whenever recurrence
is observed. Trials comparing observation and early adjuvant treatment after first surgery
(and even re-surgery) should be elaborated with the perspective DNA-methylation analysis.

5. Strengths and Limitations

Due to the heterogeneity of the data, the uniform reporting of outcomes in terms of
OS and PFS was not possible/relevant. The literature search was obviously also limited
by a large quantity of articles reporting data from very small cohorts, limited FU, and
mixed management of recurrences. Still, the major publications in the field are listed and
discussed, highlighting the lack of consensus and the variability of treatment.
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