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Abstract: Treatment options for intracranial meningiomas are surgical resection alone,

surgery followed by adjuvant radiation therapy (RT), or exclusive RT. Parasagittal and

parafalcine meningiomas are a subgroup of meningeal disease located close to the vascular

structures. Considering the frequent venous invasion, a complete resection is not possible in

the majority of cases, and even if a Simpson Grade I resection can be performed, the risk of

recurrence is relevant. To date, few studies are focused on parasagittal and parafalcine

meningiomas. Because of their specific related issues, particular considerations on decision-

making process, outcome, and toxicity follow-up are mandatory. In fact, parasagittal and

parafalcine meningiomas require a clear-cut radiological assessment, as well as a tailored

toxicity risk evaluation. Moreover, similarly to other meningioma sites, also for parasagittal

and parafalcine ones, a standardization of local control, toxicity, and quality of life evaluation

is needed in order to lead to a pooled analysis of the results. In this context, our aim was to

review the literature data regarding the role of both single-session and multisession radio-

surgery (RS), and stereotactic radiotherapy (SRT) for parasagittal and parafalcine menin-

gioma management, summarizing available data on safety and efficacy. It was also discussed

how RS and SRT can be performed in a setting of evolving views concerning the treatment

paradigm of the parasagittal and parafalcine meningiomas.

Keywords: meningioma, parasagittal meningioma, parafalcine meningioma, stereotactic

radiotherapy, radiosurgery, radiotherapy

Background
Meningiomas are the most common primary intracranial tumors in adults,1 and the

parafalcine and parasagittal location account for 30% of them.2 The prognosis could

be very different, based on several factors: the tumor grading, the type of surgery

performed according to Simpson criteria,3,4 the presence of molecular alterations,

and/or genetic syndromes.5,6 Treatment options include surgical resection, both

single- and multisession radiosurgery (RS), and stereotactic radiotherapy (SRT).

Notwithstanding, RS represents a valid and largely accepted option for treating

intracranial meningioma,7 it is little employed in cases of parasagittal and parafalcine

location compared to skull base site.7–9 The main treatment for parafalcine and

parasagittal meningiomas is still surgical removal. Nevertheless, since parasagittal

meningiomas often develop close to the vascular structures (eg, the superior sagittal

sinus, critical bridging veins), and abut or invade venous structures, complete resec-

tion is not always achievable, and even if a Simpson grade I resection can be
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performed, the risk of recurrence is considerable.10–12 In

these cases, RS in single- or multisession approach, as well

as stereotactic radiotherapy (SRT) have been used in adju-

vant setting7,11 with optimal results in terms of efficacy, and

with a low incidence of toxicity.7 In addition, considering

the risk of surgery-related neurological impairment, espe-

cially in the cases of elderly and frail patients, RS alone

represents a valid treatment as an alternative to surgery,

increasing the chances for quality of life preservation.

Although these treatments represent the current standard

options for meningioma patient management,13 controver-

sies remain regarding the timing, the prescription doses, and

the fractionation of RS/SRT.14 Besides, for parafalcine and

parasagittal lesions, the radiation-related risk of developing

edema seems to be higher than for other locations. So far,

data on treatment-related symptom control and toxicity are

not yet conclusive.7 From this perspective, the aim of this

review was to evaluate the role of both single session and

multisession RS/SRT, summarizing available data on long-

term safety, and efficacy. It was also discussed how RS and

SRT can be performed in a setting of evolving views con-

cerning the treatment paradigm of the parasagittal and par-

afalcine meningiomas.

Methods
A PubMed search was carried out on the studies which

investigated the effects of RS and SRT for parafalcine and

parasagittal meningioma. The analyzed treatment was RS

(high total dose of radiation delivered in 1 or few large

fractions with dedicated device)15 in both exclusive and

post-operative settings. We did not use any limit for out-

come search strategy. Published papers, showing popula-

tion data from the same Institute and the same period,

were analyzed once.16,17 Studies including data for anato-

mical mixed population were considered not eligible for

this review unless the data were reported separately.

Results
Literature data focused on RS and SRT outcomes for

parasagittal and parafalcine meningiomas are very

limited.8,10,18,19 Five studies were found reporting the lesion

outcomes,8,16,19–21 in which only one single dose RS was

employed. Only 1 study specifically addressed on fractio-

nated RS.10 However, the population herein included was

heterogeneous, and the authors did not analyze the site sub-

groups separately. Table 1 summarizes the analyzed RS

series describing the outcomes for parasagittal and parafal-

cine meningiomas. T
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Discussion
Both parasagittal and parafalcine meningiomas present

some clinical challenges. While the regional venous anat-

omy is important for both locations, the falcine tumors are

more suitable for complete surgical resection. On the con-

trary, the parasagittal meningiomas are less likely amenable

to be completely resected due to their adherence to the

sagittal sinus. Some questions arise managing parasagittal

and parafalcine meningiomas. Firstly, is the used radiologi-

cal assessment complete with respect to their location anat-

omy? Usually, these meningiomas are radiologically

approached in the same way as in other sites. Moreover,

no information is provided in most of the published studies

about radiological assessment for diagnosis and treatment

planning. Is something missing? Secondly, is the therapeu-

tic management similar to the entire cohort of meningio-

mas? Thirdly, is tumor control after treatment comparable

to the results obtained with other meningioma sites? Lastly,

are there any specific toxicity issues that should be more

deeply considered? Is the narrative high risk to develop

post-irradiation peritumoral edema truly higher than for

other brain anatomical parts? Only few studies are focused

on these types of meningiomas;8,16,19–21 however, distinct

considerations on decision-making process, management,

outcome, and toxicity follow-up are mandatory, because of

their specific related issues.

Radiological Assessment
The backbone of radiation therapy is the correct assess-

ment of radiological images. Computed tomography (CT)

and magnetic resonance imaging (MRI) represent the basis

of a precise and effective radiotherapy, being even pivotal

for RS and SRT. Although the imaging plays a central role

in the diagnosis and management of meningiomas,

the studies focusing on these aspects are limited.

Meningioma features are typical on CT and MRI, and

images are diagnostic in 72–85% of the cases, including

a sharply circumscribed lobular mass with a broad-based

dural attachment.22 On basal CT, meningiomas appear as

homogeneous and hyperdense extra-axial masses, and fol-

lowing contrast administration, they present homogeneous

enhancement.23 CT images have also a key role in the

identification of intratumoral calcification, expression of

their slow growth rate, as well as bony changes sometimes

associated with this type of tumors, such as hyperostosis,

osteolysis, and pneumosinus dilatans. On MRI, meningio-

mas are usually hypo- to isointense relative to cerebral

cortex on T1-weighted sequences, iso- to hyperintense on

T2-weighted sequences, and they strongly enhance after

contrast medium administration.24 MRI helps to identify

the extra-axial nature of the tumor, often revealing

a cerebrospinal fluid (CSF) cleft between the mass and

the brain, which appears as a T2-weighted crescent.

Another important feature that MRI allows is the presence

of intratumoral cysts, hemorrhage, or necrosis, likely asso-

ciated with more aggressive behavior of the tumor, as well

as the dural tail. This latter is a sort of meningioma

signature, and it is detectable on post-contrast imaging in

up to 72% of the meningiomas23 and may represent reac-

tive dural changes. However, one study found that in

nearly two-thirds of dural tails there was tumor cell

invasion.25 This aspect directly leads to the debate on

either to treat or not also the dural tail . Similar to the

dural tail, also the edema that can be associated with

meningioma lesions affects the decision-making process,

and radiological images are crucial in its identification and

monitoring. Atypical and anaplastic meningiomas more

frequently cause peritumoral edema by invading the

brain. Less frequently, but not rarely, World Health

Organization (WHO) grade I meningiomas present peritu-

moral brain edema. However, its intrinsic feature is the

absence of brain invasion. The extension and how much

the edema affects the surrounding tissues may influence

which treatment is more appropriate. The evaluation of

these aspects is essential for parafalcine and parasagittal

lesions. These types of meningiomas, in fact, frequently

cause peritumoral edema that can lead to symptoms, from

headache to seizures. In addition to standard MRI

sequences, it is important to note that thin-slice 3D views

permit a precise delineation of the tumor and every ner-

vous system part. Consequently, it allows a perfectly

shaped irradiation plan. Moreover, fat-saturation

sequences are particularly useful for delineation of menin-

gioma boundaries abutting venous sinuses, enabling to

discern the tumor surface from the perivascular fat and

from vascular structures. Lastly, for parafalcine meningio-

mas likely to invade the adjacent vascular structures, CT or

MR angiography can allow the recognition of displace-

ment, encasement, and narrowing adjacent vessels, even

sometimes invasion or occlusion of the dural venous

sinuses, as long as proper sequences are available.

Radiological imaging is fundamental not only for diagno-

sis and pre-treatment planning but also for post-treatment

tumor control monitoring.26
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Tumor Control
In the historical series of patients treated with external beam

radiotherapy after partial surgical removal, postoperative

irradiation showed better local control compared to surgery

alone. Taylor et al27 reported an improved 10-year actuarial

local control rate from 18% to 82%. Similarly, Wara et al28

showed 22% recurrence rate after subtotal resection plus

radiotherapy, and 74% rate after subtotal resection alone.

These results are similar to other published series, demon-

strating the relevant impact of irradiation after surgical

removal, even without the cutting-edge technology of current

era. More recently, Ding et al published their results for

parasagittal and parafalcine meningiomas after exclusive

RS treatment.8 They showed a tumor control rate of 85% at

3 years, and 70% at 5 years. These results are slightly lower

compared to other literature data on RS for differently

located WHO G1 meningiomas.19 Taking into account the

above, it must be believed that after RS cranial base lesions

may have a more benign course and outcome than parafal-

cine and parasagittal ones. Unexpectedly, the authors found

that parasagittal tumors had a higher control rate, and they

conclude that this may be due to more superficial draining

veins.8 Nevertheless, for patients without prior treatment,

thus excluding previous resection, embolization, and radio-

therapy, the actuarial tumor control rate at both 3 and 5 years

was 93% for parafalcine and parasagittal meningiomas.8

Hence, it would be more appropriate to explain their results

hypothesizing that prior treatments negatively affect the RS

efficacy. Kondziolka et al reported an overall 5-year actuarial

overall tumor control rate after RS of 67% ± 8.7%, and

a 5-year actuarial in-field (within the targeted lesion) tumor

control rate of 85% ± 6.2%.21 Also in this study, the tumor

control for lesions without previous surgery was higher. In

fact, for patients who underwent RS as primary treatment, the

actuarial 5-year control rate was 93.4 ± 3.7%, while for

patients who had undergone previous resection the local

control rate was 60% ± 10.4% (P = 0.08).2115 On the con-

trary, the authors did not find any correlation between pre-

vious radiation treatment and tumor control. However, on

multivariate analysis, the only two factors that significantly

affected the tumor control were large treatment volume (P =

0.01, hazard rate ratio [HRR] = 1.06/cc), and the presence of

pre-RS neurological deficits.21 Overall, in the studies ana-

lyzed in this review, the rate of tumor control for WHO GI

meningiomas was from 72.3% to 85%, with a median fol-

low-up time from 19.6 to 72 months. Certainly, long-term

results are needed to confirm the RS and SRT efficacy.

Closely related to the tumor control issue is the question on

how assessing the local control after RS or SRT. To properly

report local control, a befitting baseline appraisal is needed.

In a recently published paper, the Response Assessment in

Neuro-Oncology (RANO) Working Group suggested that26

all baseline evaluations should be performed as close as

possible to the treatment start, and not more than 4 weeks

before the beginning of treatment. However, since for RS or

SRT meningioma treatment a pre-planning MRI is manda-

tory, this should be the baseline for every follow-up evalua-

tion. Moreover, it is recommended to use thin-section

imaging (≤1.5mmpixel resolution), especially for evaluating

lesions <10mm inmaximal diameter and/or small changes in

lesion size,26 like the WHO grade I meningiomas treated

with RS or SRT. Most of the published studies on meningio-

mas have described disease control assessment criteria; how-

ever, there is no uniform definition. Some authors referred to

linear measurements, others used modified MacDonalds cri-

teria, and few others relied on volumetric lesion

evaluation.7,16 Even when adjusted for meningioma, the

MacDonalds criteria, like many of the other ones, are often

misleading.29 Hence, as some authors have highlighted, we

should consider the post-irradiation volumetric analysis as

the most reliable method to detect slow-growing menin-

gioma volume changes, also due to the frequently irregular

contour of these lesions.7,22,26,30 Furthermore, if dural tail

cannot be discerned from the main lesion, as often is the case

of en plaque meningiomas and parafalcine and parasagittal

ones, the lesion should be considered as nonmeasurable by

2D criteria but it can still be measured by volumetric

criteria.26 In the present study, 2 out of 5 authors reported

the methodology used for tumor control evaluation. How

frequent the radiological follow-up should be assessed is

a matter of controversy. The National Comprehensive

Cancer Network suggests monitoring WHO grades I and II

meningiomas at 3, 6, and 12 months after initial treatment,

followed by every 6–12 months for 5 years, and then every

1–3 years (NCCN version 1.2018). Meningiomas may exhi-

bit delayed recurrence, even after 10 to 20 years from treat-

ment, requiring long-term monitoring. For high-risk

meningiomas (WHO grade III and for any grade that are

treated for recurrence), more frequent imaging may be neces-

sary, and it may depend on symptoms, and expected risk of

relapse.

Toxicity Risk
Overall, treatment-related complications have been reported

in approximately 8.1% of the patients treated using RS for
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intracranial meningiomas,7 with a value up to 40% when

symptomatic edema has been included.8,16,17,19 The main

risks associated with RS, for parafalcine and parasagittal

meningiomas, are those usually associated with irradiation,

as well as those directly due to their location. The array of RS-

related complications includes radiation necrosis, motor defi-

cit, vascular occlusion, and peritumoral edema. Moreover,

a radiation-induced venous thrombosis and occlusion may

result in delayed venous infarcts.31 Peritumoral edema asso-

ciated with parasagittal or parafalcine meningiomas is com-

mon, with some series proving edema in 48% of the

patients.32 In our analysis, only 3 authors reported this data,

showing a peritumoral edema at baseline in 0%,20 3.7%,19 and

45.3%16 of the meningiomas, respectively. Only one study

reported the rate of worsened, improved, and stable edema

status after RS.16 The authors found a rate of improved edema

after irradiation of 26.4% and only 5.2% of worsened cases.

Unexpectedly, the rate of post-RS edema in all studies varied

considerably, going from 5.2%16 to 40%.8 These results are

consistent with those recently published byMilano et al.33 The

authors reviewed the literature data about radiation-induced

edema, and they found that except for skull base lesions, the

rate of post-RS edema occurred in 5% to 43% of the patients

treated.33 Due to the scarcity of data, we cannot assume any

correlation. However, the minimum value of the post-RS

edema was not correspondent to the minimum value of

tumor volume, as well as the maximum one did not correlate

to the higher volume of lesions. Similarly, the delivered dose

did not seem to affect the post-irradiation edema risk. Thus, as

of now, it is not possible to confirm that parafalcine and

parasagittal meningiomas are more prone to develop post-

RS peritumoral edema, and further data are needed. The post-

RS edema usually occurs in a delayed phase. Sheehan et al17

found that for parafalcine and parasagittal tumors showing

initial edema progression followed by regression, the median

peak edema was at 18 months (range 6–24 months) after RS.

For tumors with progressive edema at the last follow-up, the

median interval between RS and peak of the edema was 36

months. Kondziolka et al13 found the onset of edema at 6–8

months after RS (range 1–23 months). In a previous study

focused on parasagittal meningioma, the authors21 reported

for both 3- and 5-year actuarial rate of symptomatic edema

a value of 16% ± 3.8%. The symptoms occurred at 1 to 23

months after RS. Cai et al evaluated the risk factors of post-RS

peritumoral edema for intracranial meningiomas of any loca-

tion, and they found that the median time of new or worsening

edema appearance was 4 months, but the at-risk period

reported was within 48 months.34 In our study, the time of

edema onset was 121 to 2416 months. Nevertheless, two stu-

dies did not report this data. In this context, despite the data

being sparse, it should be considered that the post-RS mon-

itoring would be more appropriate if 3 or 2 radiological exams

per year were conducted for at least 3 years after treatment.

A better understanding of the risk factors related to the edema

post-RS would lead to a tailored treatment and follow-up.

Numerous factors have been called into question. In

a recently published review33 focused on all meningoma

locations, the parasagittal one was found as a risk factor for

radiation-induced edema. The series analyzed in the present

study8,16,1,20,21 reported as risk factors the tumor volume,

preexisting edema, preexisting neurological deficits, tumor–

brain contact area, parasagittal andmidline parasinus site, both

fewer prior treatment and no previous resection, and high

radiation doses. However, no one has been confirmed, and

a well-conducted comparison among parasagittal, parafalcine,

and other meningiomas is unavailable.35 All data on peritu-

moral edema of the analyzed studies are summarized in Table

2. Sheehan et al analyzed the factors related to the post-RS

edema in parafalcine and parasagittal meningiomas.17 They

found as risk factors a tumor volume > 10 cc, the presence of

venous sinus compression or invasion, the parasagittal site,

and a high maximal and marginal dose. Patil et al20 analyzed

the risk of RS-related edema in the parasagittal meningiomas

compared to other supratentorial locations. They found that

patients with parasagittal meningiomas were 4.1 times more

likely to develop symptomatic edema after RS (hazard ratio,

4.1; 95% confidence interval, 1.5–11.5; P 0.0076).20

However, the 6-, 12-, 18-, and 24-month actuarial rates of

symptomatic edema development were significantly greater

for patients with parasagittal meningiomas compared to non-

parasagittal ones (17.8 versus 1.3%, 25.4 versus 5.8%, 35.2

versus 7.8%, and 35.2 versus 10.9%, respectively; P 0.0038,

log-rank test).20 Notably, the authors also analyzed all midline

parasinus tumors, including parasagittal, falcine, and pineal

tumors. They found that midline parasinus meningiomas were

4.7 times more likely to develop symptomatic edema than

non-midline supratentorial tumors (hazard ratio, 4.7; 95%

confidence interval, 1.5–14.7; P = 0.0083).20 This implies

that the risk factor may be the midline location instead of the

solely parasagittal and parafalcine ones. All authors reported

an almost complete resolution of the post-irradiation edema.

A better knowledge of the edema development mechanism

would help in identifying which supposed risk factors really

affect the post-RS outcome. Nevertheless, the data on edema

onset and evolution are insufficient. Cai et al hypothesized that

damage to the tumor–brain contact interface is a key for the
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development of post-irradiation edema.34 The cause of post-

RS edema in meningioma seems to be vasogenic rather than

cytotoxic.36,37 Some authors reported that electronic micro-

scopy analysis showed that in the white matter with edema,

extracellular fluid increased, but the blood–brain barrier was

not damaged, whereas meningioma revealed hyperpermeabil-

ity of blood vessels. These findings suggest that the edema

fluid may be produced by the meningioma tissue.38

Meanwhile, Salpietro et al37 were able to identify cortical

penetration by CT evaluation and hypothesized a correlation

between the disruption of the cerebral cortex and severity of

the edema. Moreover, the disruption of leptomeninges and

cerebral cortex can be directly correlated with the growth of

tumors. In short, the lesion volume would be a cause of

peritumoral edema. On the other hand, other authors did not

find any correlation between tumor volume and post-

irradiation edema20,37 but found tumor–brain contact interface

area as strong predictor for the occurrence of post-irradiation

edema.37 However, the exact pathophysiology of edema for-

mation after irradiation remains unclear but some theories

have been evaluated. The cerebrovascular impairment, the

disruption of the blood–brain barrier, and the radiation-

induced damage to microglia, and astrocytes may be corre-

lated with the edema formation.38 Also the arachnoid layer

disruption caused by close tumor/brain contact might lead to

protein secretion generating a cascade effect up to edema

formation.39 Some other authors reported different molecular

factors as mediators implicated in edema induction, including

inflammatory cytokines, angiogenesis factors (VEGF),

hypoxia-related factors (HIF-1), cyclooxygenases, and mar-

kers of glial activation.39,40 In particular, VEGF-A that is an

important member of a family of signaling molecules is

expressed by meningioma stromal and endothelial cells in

the presence of hypoxia.41,42 Moreover, some studies have

suggested that VEGF may be secreted by meningiomas

cells,41 and upregulation of VEGF has been observed in

meningiomas, and it has been correlated with edema

formation.39,41 This would imply the possibility to adopt an

anti-VEGF therapy to overcome the post-irradiation edema,

adding a valid alternative for symptomatic edema manage-

ment. In fact, to reduce the peritumoral edema associated with

meningiomas, corticosteroids represent the most used therapy.

In the analyzed studies, almost all patients resolved the edema,

the majority with the corticosteroid administration. Regarding

the toxicity topic, it is noteworthy that the major limitation in

RS toxicity includes a heterogeneity in the definition of

adverse events, challenge in discriminating volume changes,

and lack of adherence to the international toxicity gradingT
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systems.7 Despite being premature to draw any definitive

conclusion, there is a favorable trend in a reported lower risk

to develop post-irradiation edema when RS is delivered in

multisession setting.10,43 This could broaden the patient selec-

tion for SRT or RS in treating parafalcine and parasagittal

meningiomas.

Quality of Life
Another important aspect in the decision-making process

for treating intracranial meningiomas, is patients quality of

life (QoL). Only few studies have reported data about QoL

after treatments for meningiomas.44–49 Only one study is

focused on RS and parasagittal meningiomas, although the

tests used for analysis were not detailed, and the primary

endpoint was not QoL but ability to employment and

functional status.21 However, it is crucial to highlight this

topic to which we should pay attention in every clinical

evaluation. Recently, a large cohort analysis has been

published.44 The authors focused on QoL outcomes of

291 meningioma patients treated with surgical resection.

Their results showed considerable limitations in QoL for

more than 120 months after surgery, reporting impairment

in cognitive, emotional, and social functions, as well as

suffering significant fatigue and sleep disturbance.44 On

the other hand, other studies showed an improved QoL

after surgical resection.45,46 Some studies demonstrate an

amelioration of patients QoL and neurocognitive function

following treatments (surgery, radiotherapy or combina-

tion of them), on the contrary others show a persistence

of neurocognitive deficits for many years after

therapies.46,47 In addition, some studies reported the

brain tumor diagnosis, although benign, as a source of

concern for the patients, strongly conditioning the QoL.

Several authors highlighted a continued fear of tumor

progression, or a perceived cognitive dysfunction, which

may not always be reflected by objective testing.44,47

A recent published systematic review, focused on the

relevance and comprehensiveness of the questionnaires

used in meningioma research, found that the existing ques-

tionnaires (the general and brain tumor modules

“Functional Assessment of Cancer Therapy” FACT-G

and FACT-Br, and the SF-3630–33) do not cover all the

relevant issues for patients with meningioma diagnosis.50

Kondziolka et al21 analyzed a large population of parasa-

gittal meningiomas treated with RS. They found

a decrease in functional status after RS in only 3 out of

33 employed patients (9%) and in 7 out of 77 unemployed

patients (9%). Out of 57 patients with neurological deficits

before RS, 7 improved (12%), 30 remained neurologically

stable (53%), and 8 (14%) experienced neurological

decline. Interestingly, among patients who had no neuro-

logical deficits at the time of RS (n = 53), 44 remained

stable (83%), 6 experienced neurological decline (11%),

and 3 underwent additional treatment (6%).21 As sug-

gested by Nassiri et al,44 fatigue management, cognitive

rehabilitation, and psychological and sleep management

support are usually not offered but should be part of

a multidisciplinary program. The lack of a validated, spe-

cific, and largely employed instrument for QoL evaluation

in meningiomas44 precludes drawing any conclusion, but

at the same time identifies an issue that needs to be

addressed in the future.

Special Considerations: Cornerstones

and Controversial Issues
An increase in tumor size > 10% is significantly associated

with the development of clinical symptoms, even for small

size tumors.51 It turns out the importance of frequent

follow-up imaging especially in the first years from treat-

ment. Preexisting peritumoral edema has a high chance

(around 77%) of deteriorating after RS. Thus, in this case,

or when the lesion has a large meningioma–brain contact

interface, the RS treatment may increase the risk to

develop symptomatic edema. A multidisciplinary approach

should be advocated to the best decision for treating those

patients, taking into account surgery, surgery followed by

RS, multisession RS or SRT. The inclusion of dural tail in

RS targeting and planning is a debated issue. Many para-

sagittal and parafalcine meningiomas have an extensive

dural tail, which is generally not targeted with the aim to

minimize the treatment volume. Some authors clearly sug-

gest including the neoplastic dural base to the tumor

excision.21 However, to date, no consolidate evidences

are available about this topic, and more studies are needed

to understand whether the dural tail inclusion could further

decrease the long-term recurrence rate. As for the mechan-

ism leading to the post-RS edema development, the rea-

sons for different responses to radiation therapy and the

effective dose for treating different types of meningiomas

are not well known. Unfortunately, there is a lack of

preclinical research on meningioma.52,53 Given that the

response to radiotherapy depends not only on irradiation

features but also on tumor radiosensitivity, a more focused

radiobiological research is advocated.53 Addressing this

issue could provide crucial information on the index of
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proliferation and neurobiological characteristics associated

with the molecular pathways that regulate the apoptotic

response of tissue, cellular, and genetic post-irradiation

damage.52 With regard to the management of these tumors,

some authors suggest be planned RS within a few months

if a larger lesion with mass effect has been resected.18 Due

to the high recurrence rate reported, even when an appar-

ently total resection is obtained, a multidisciplinary

approach is mandatory for parafalcine and parasagittal

meningiomas. This concern is also related to the risk of

neurological sequelae when an aggressive surgery is

done.54 RS and SRT should always be taken into account

as exclusive or adjuvant therapy when these meningiomas

are in charge, sharing with patients all pros and cons of

treatments. Additionally, the standardization of the assess-

ment methods is very relevant in enabling comparison of

the results between literature studies.7,55 In fact, the lack of

a validated, specific, and largely employed instrument for

edema evaluation, tumor control report, and QoL in

meningiomas44 precludes drawing any conclusion but

represent an unmet need that should be thoroughly

addressed in future studies.

Glance Over Patient Selection
Taking into account that surgical removal is still the cur-

rent standard treatment for these meningiomas, RS or SRT

may be offered as an alternative to surgery in all parafal-

cine and parasagittal meningiomas that do not have a very

large volume or do not show extensive peritumoral edema.

However, some crucial issues should be pointed out before

jumping too far. Referring back to the questions arisen in

the first part of the discussion, our patient selection should

begin with a proper radiological assessment. Thin-slice

T1- and T2-weighted, and fat-saturation sequences of

MRI should be required for pre-treatment evaluation.

Moreover, for parafalcine meningiomas likely invading

the adjacent vascular structures, CT or MR angiography

could be obtained for better recognition of displacement,

encasement, and narrowing adjacent vessels, even some-

times invasion or occlusion of the dural venous sinuses.

The therapeutic management of these meningiomas cer-

tainly shares with the entire cohort of intracranial menin-

giomas most of the main aspects. First of all, the current

standard approach that is still surgical removal. Secondly,

the eventual alternative treatment that is irradiation by

means of the modern cutting-edge technology, tallowing

to deliver extremely precise, and therefore, safe radiother-

apy. It should be clear that in the patient selection process,

a multidisciplinary guidance is mandatory. Radiologists,

surgeons, and radiation oncologists should share data,

patient’s medical history, and also points of view before

jumping too far into strict clinical decisions. Mainly, for

parafalcine and parasagittal meningiomas, a shorter wait-

and-scan approach could be appropriate due to the high

risk of damage and occlusion of vessels and the high risk

of edema development. Moreover, these lesions are fre-

quently difficult to be completely removed, and if a partial

surgical approach is planned, an adjuvant RS or SRT

should be programmed based on the history of each

patients. In cases of slow-growing lesions, a short to

moderate follow-up (2 to 3 MRI per year) can be sched-

uled before confirming whether irradiation is needed. On

the other hand, in cases of lesions with more rapid grow-

ing pattern, the radiation treatment should be planned in

advance. This can provide a safe and effective approach

and can allow patients to better deal with all difficulties

tied to the psychological, functional, and medical issues

related to the therapies. Notwithstanding that the literature

data are insufficient for drawing any definitive conclusion,

in cases of large lesions that cannot be completely excised,

or when the peritumoral edema is negligible, RS and SRT

can be evaluated as alternative therapeutic option to surgi-

cal removal.. In addition, also for elderly and frail patients

and for those who are not comfortable with surgery, RS

and SRT represent valid alternative options.

Conclusions
Taking into account all these data, comments, and suggestions,

the resulting conclusions are that SRT and RS could be more

widely applied for parafalcine and parasagittal meningiomas.

Microsurgery remains the mainstay treatment for large intra-

cranial meningiomas, in cases of presence of motor or sensory

deficit, or in patients failed to previous RS, with the objective to

control tumor growth. Although, it should be kept in mind that

thesemeningiomas are associatedwith relatively higher rates of

recurrence, and increased risk of injury to major venous chan-

nels, compared to meningiomas located elsewhere.54 In fact in

these cases, irradiation by means of single session RS, multi-

session RS or SRT represents a viable option in both exclusive

and adjuvant settings. For tumors >3 cm inmaximum diameter,

the indication for resection or RS should be debated. Certainly,

if the goal is to improve symptoms related to the mass effect or

rapidly reduce the peritumoral edema, the surgical

removal represents the optimal therapeutic choice. Also sub-

total resection followed by RS is a reasonable approach for

these cases, especially when injury to critical venous structures
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is likely.8 However, RS and SRT showed excellent results in

terms of tumor control and toxicity also when applied as

exclusive treatmentIn fact, multisession RS or SRT can repre-

sent a valid option for large lesions, or for those with a wide

peritumoral edema, in order to reduce the risk of sequelae.

Undoubtedly more studies focused on this subgroup of menin-

giomas are needed, since the unique peculiarity due to their

location, anatomy connection, and the resulting implication on

planning RS. The delivery of multisession RS and SRT could

represent a new paradigm for these lesions, possibly allowing to

overcome the proper limitation of the single session RS.
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