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Abstract

Meningiomas are an extremely rare histology among pediatric brain tumors, and there

is a shortage of literature on theirmanagement. Proton therapy is currently used safely

and effectively for many types of both pediatric and adult cancer, and its main advan-

tage is the sparing of healthy tissues from radiation, which could translate in the reduc-

tion of late side effects. We review the literature on radiotherapy and proton therapy

for pediatric meningiomas and report clinical outcomes for two aggressive pediatric

meningiomas we treated with protons. Proton therapy might be a safe and effective

therapeutic option for this rare subgroup of tumors.
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1 INTRODUCTION

While in the adult meningiomas account for 30% of all primary brain

tumors and are the most common benign primary neoplasm of the

brain,1 in the pediatric population they are considerably rarer, making

up roughly 2% of all pediatric central nervous system (CNS) tumors.2,3

The majority of meningiomas are benign, but atypical (WHO grade II)

or malignant meningioma (WHO grade III) can be observed in approx-

imately 4%–30% and 1%–3% of cases, respectively.4–7 These nonbe-

nign meningiomas are associated with less favorable clinical outcome

and an increased local aggressiveness, with early recurrence or tumor

progression: therefore, a prompt postoperative radiotherapymaybeof

benefit.8,9

The clinical presentation of meningiomas depends on the age of the

patient and on tumor location, with symptoms and signs ranging from

those related to elevated intracranial pressure to focal neurological

deficits and seizures.10

The most important risk factors for the development of a menin-

gioma in the pediatric population are genetic cancer-predisposing

syndromes, such as type 2 neurofibromatosis (NF2) and Gorlin syn-

drome, and past cranial irradiation. Clear cell meningiomas are often

associated with SMARCE1mutation.11

Imaging studies usually show a clearly defined, contrast-enhanced

lesion with surrounding brain edema, sometimes with calcification.2

Cystic lesions aremore common in children and sometimes (13%–30%)

pediatric meningiomas lack a dural attachment.12–14

Meningiomas are classified according to the WHO grading system

and the most recent revision was published in 2016.4 Even if the

majority of pediatric meningiomas are WHO grade I, there is a higher

incidence of grade II and grade III tumors compared to adults10;

furthermore, some variants such as clear cell meningioma (WHOgrade

II, 0.2% of all meningiomas14) are more common in children.2 WHO

grade correlates with recurrence-free survival but does not correlate

clearly with overall survival.2,3,10

Proton therapy (PT) is a precise and highly conformal radiation

modality, representing an important therapeutic step in the multidis-

ciplinary management of pediatric patients affected by CNS tumors.

In fact, children have a high risk of developing severe long-term

complications after radiotherapy, leading to psychosocial problems

and reduced quality of life (QoL).15,16 PT has been shown to offer

significant advantages compared to conventional photon-based

radiotherapy in terms of both reduction of radiation-related long-

term side-effects and incidence of secondary malignancies.17,18

The relatively good prognosis of meningiomas stresses the need

of organs at risk (OARs) sparing to preserve neurocognitive func-

tion. Furthermore, some small retrospective studies19,20 reported

improved outcome with higher than standard radiotherapy (RT)

doses in WHO grade II-III tumors. A nonrandomized clinical trial

found a 70% 3-year progression-free survival in WHO grade II

meningioma patients undergoing a complete resection (Simpson I–III)

plus high-dose (60Gy) radiotherapy.21 Based on this background,

we present here two cases of pediatric meningiomas treated with

PT.

2 RESULTS

Two pediatric patients with meningioma located intracranially in two

difference sites were treated with proton irradiation (pencil-beam

scanning technique) in 2018.

2.1 Case descriptions

2.1.1 Case one

A 1-month-old male infant developed right eye ptosis and was closely

monitored. At 4 months of age, a fixed mydriasis was also noted, with

partial deficit of the third cranial nerve and heterochromia iridis. His

birth history was only notable for oligohydramnios. However, fam-

ily history was positive for neurosensorial hypoacusis on the mater-

nal side and for retinoblastoma on the paternal side. Brain magnetic

resonance imaging (MRI) revealed an expansive lesion (diameters:

12 × 14 × 16 mm) adjacent to the third right cranial nerve and in

the interpeduncular and ambiens cistern; no secondary lesions were

observed. A surgical biopsy of the lesion was performed, and histol-

ogy showed an invasive clear-cell meningioma (WHO grade II) with

a Ki67 proliferative index of 7%. Tumor cells were positive for EMA

and vimentin, negative for GFAP, Olig2, and SYN. The protein INI1 was

expressed. The diagnosis was confirmed by the Italian central pathol-

ogy reference center for pediatric CNS tumors. Given the rarity of the

disease and family history of hypoacusis, the child was investigated

for mutations of the NF2 gene, as well as for germ-line mutations of

SMARCE1: however, both tests were negative. Surgery was deemed

not feasible and, after multidisciplinary consultation, a close clinical

and radiological follow upwas planned to detect early signs of progres-

sive disease.

At approximately 12 months of age, a follow-up MRI (see

Figure 1A–D) showed signs of progression: the mass grew to

14 × 18 × 23 mm, expanding into the ambiens cistern with signs

of infiltration of the homolateral cerebral peduncle. A slight contrast

enhancement along the border of the contralateral cerebral peduncle

was also observed, as well as a significant increase of the perilesional

edema, withmarked involvement of themidbrain.

Since the tumorwas unresectable, the patientwas referred to a pro-

ton facility where he received active-scanning fractionated PT using

three beam arrangements. He received a total dose of 54 Gy relative

biological effectiveness (RBE) in 30 fractions, 1.8 Gy daily, to the clini-

cal target volume (CTV), which included both gross tumor volume and

3 mm isotropic margins for high risk of microscopic dissemination in

daily anesthesia (Figure S1). PT was well tolerated, and no supportive

therapies were necessary; neither hematological nor other toxicities
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F IGURE 1 MRI of an infant with invasive clear-cell meningioma of the brainstem. Post-surgical/preprotontherapyMRI: (A–C) sagittal, axial,
and coronal 3D T1-weightedmultiplanar reconstructions (MPR); (D) axial 3D T2DRIVE.Meningioma arising from the right third cranial nerve,
infiltrating adjacent ventral portion of themesencephalon (arrowheads); perilesional vasogenic edema is evident (arrow). (E)–G)
PostprotontherapyMRI, 39months after treatment: sagittal, axial, and coronal 3D T1-weightedMPR; (H) axial 3D T2DRIVE. Noticeable volume
reduction of the treatedmeningioma (arrowhead) along with perilesional edema (arrow)

(i.e., neurological symptoms) were observed, except for alopecia and a

mild skin reaction (grade 1, CTCAE v.4) of the treated region.

Twomonths afterPT, theparents complainedabout a significant loss

ofmuscle strength on the left side. A firstMRIwas performed, showing

slightly increased perilesional edema, with no other modifications of

the known lesion; two months later, a second MRI showed an increase

of the edema and the appearance of small cavernomas adjacent to

the irradiated area. The tumor, however, appeared smaller and with

more contrast inhomogeneity. Dexamethasone was initiated and after

1month of therapy, a controlMRI showed a significant reduction of the

edema. Therefore, steroid therapy was gradually reduced and finally

discontinued. Clinically, the hyposthenia improved, with only a slight

residual weakness in grasping with the left hand. Regular MRI scans

(one every 3 months) showed a steady reduction in size of the menin-

gioma (Figure 1E–H). At 39months of follow-up after PT, no other tox-

icities were observed. The child undergoes regular physical therapy

for residual minimal impairment of the left hand; the right eye ptosis,

observed since diagnosis, has remained unchanged. During follow-up,

the child’s cognitive development was regularly evaluated using age-

adjusted neuropsychological scales and no significant deviations from

the normal range were found.

2.1.2 Case two

A 7-year-old male child experienced repeated episodes of severe

headachewith falls, tremors, and loss of urine. AnMRI showeda frontal

lobe mass (50 × 70 × 50 mm) with signs of intralesional hemorrhage

(Figure 2A–C). The patient underwent surgery, with a frontal para-

median approach. Pathological examination showed a proliferation of

meningothelial cells with prominent nucleoli, invading the adjacent

brain parenchyma. Mitoses were present (>4 X HPF) as well as areas

of necrosis. The Ki67 proliferative index was 18% in the most positive

areas. Based on these features, the tumor was identified as an atypical

meningioma (WHO grade II).

A ventriculo-peritoneal shunt was implanted due to postoperative

obstructive hydrocephalus. PostoperativeMRI showed residual tumor

(47 × 45 × 45 mm) in the anterior part of the corpus callosum. There-

fore, a second resectionwas performedwith the goal of achieving com-

plete tumor removal. The postoperative contrast-enhancement MRI

scan showed a 7 mm diameter nodule, confirmed by a Gallium-68

DOTATOCPET-CT (Figure 2D–F).

Considering these findings, PT was delivered 45 days after re-

resection to the CTV plus 3 mm of margins (total dose: 59.4 Gy RBE

in 33 fractions, 1.8 Gy RBE/fraction, daily) (Figure S2). PT was well tol-

erated, and no toxicities (i.e., neurological symptoms) were observed

except for partial alopecia of the treated region. The CTV was defined

as the tumor bed area seen on postoperative MRI, planning CT/MRI,

and additional PET-imaging with 68Ga-Dotatoc, plus a 5 mm mar-

gin. CTV also included the biological target volume, that is, areas with

increased focal uptake as seen in the DOTATOCPET-CT.

An MRI performed after PT showed only mild contrast enhance-

ment in the frontal meninges of the surgical cavity (Figure 2G–I).

Subsequently, the child started follow-up with both clinical
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F IGURE 2 MRI of a child with frontal lobe atypical meningioma. Presurgical MRI: (A–C) sagittal, axial, and coronal 3D T1-weighted
multiplanar reconstructions (MPR). Meningioma arising from the frontal lobe with signs of intralesional hemorrhage (arrowheads);
postsurgical/preprotontherapyMRI/PET: (D–F) sagittal, axial, and coronal Gallium-68DOTATOCPET fusedwith 3D T1-weighted postoperative
MRI; noticeable small hypercaptating nodule in the frontal tumor bed (ring). PostprotontherapyMRI 30months after treatment: (G–I): sagittal,
axial, and coronal 3D T1-weighted. No evidence of residual tumor

examinations and surveillance MRIs. At 33 months of follow-up

after PT, the last MRI showed an unchanged postsurgical malacic area

with hemosiderin residues of the left parasagittal frontal lobe. The

contrast enhancement of the frontal meninges was also unchanged.

Clinically, he did not develop any late toxicity. As with the first patient,

a series of regular cognitive evaluations were performed, and at the

latest follow-up visit the child was both cognitively and physically

normal.

3 DISCUSSION

We reported on two pediatric meningiomas treated with PT. After

an observation period of approximately 3 years, the disease was con-

trolled, and PTwas relatively well tolerated.

Infantile meningiomas, like the first case we reported, are exceed-

ingly rare2: genetic cancer-predisposing syndromes, such as NF2 and

Gorlin syndrome, are sometimes associated with these tumors and we

screened both our patients for them, but neither was found positive.

Until now, the number of reported clear cell meningiomas in children

is extremely limited, making its management challenging, with no clear

treatment options and scarce data on prognosis.14,22–25 Management

of pediatric meningiomas is often extrapolated from knowledge of

the adult counterparts.2,3 As for many other CNS tumors in children

and adolescents, gross-total resection (GTR) should be attempted

whenever possible: a large meta-analysis showed that patients who

had an initial GTR had better relapse-free survival (RFS) and overall

survival than those with only subtotal resections.10 In the event of

an incomplete resection, the possibility of a second surgery should

be evaluated. It should be noted, however, that aggressive surgery is

associated with higher perioperative mortality and long-term neu-

rological morbidity. Therefore, a careful risk–benefit analysis should

be done for each patient.10 The same meta-analysis by Kotecha et al.

reported a relatively high mortality rate of 12.7% after 5–7 years

of follow-up,10 with a Dutch study showing similar results (16.1%

mortality, mean follow-up: 4.8 years).26 Children with NF2 tend to

have worse RFS and overall survival (especially over longer periods of

time).10 Patients under 3 years of age may have worse overall survival,

with the already cited meta-analysis finding a borderline significant

correlation.10 However, since these two studies only included children

who underwent surgery, they may be biased toward more aggres-

sive tumors. In fact, other studies show no difference in mortality

between children/adolescents and young adults and warn against

overtreatment due to a perceived aggressive nature of pediatric

meningiomas.3

The evidence for the use of radiotherapy in pediatric meningiomas

is limited and current recommendations are based on adult retro-

spective series.2,27 Children, especially infants, are more vulnerable

to the effects of radiotherapy and of developing late sequelae.28 The

St. Jude Lifetime Cohort Study (SJLIFE) showed a higher incidence of
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severe chronic disease in children with brain tumors who received a

higher radiation dose.29 Thus, the decision to use radiation therapy

for pediatric meningioma should be carefully evaluated: the Chil-

dren’s Cancer and Leukemia Group (CCLG) suggests consideration of

radiotherapy for grade I–II meningiomas after multiple relapses that

cannot be operated or after evidence of clinically relevant progression

after incomplete resection, and in all grade III meningiomas at time

of diagnosis, regardless of surgical outcome.30 Gamma knife and

conventional radiotherapy are also used as adjuvant therapies for

pediatric meningiomas that cannot be completely resected due to

their location.31 A retrospective analysis by Dudley et al. showed that

a higher percentage of children/adolescents and young adults with

meningioma are treated with radiotherapy compared to adults,3 even

if its role and impact on prognosis are not clear. Upfront radiotherapy

is associated with worse RFS but does not appear to have a significant

effect on overall survival; it should be noted that in the meta-analysis

by Kotecha et al. the number of patients who underwent upfront

radiotherapy was small and the dose, type, and rationale behind the

decision to irradiate were unknown.10

During the treatment planning process, the definition of the target

volume remains challenging evenwhenusingMRI andCT imaging com-

bined: Kessel et al. showed that the addition of PET imaging for tar-

get volume definition led to a significantly enhanced local control after

high-precision RT. Thus, PET improves the detection of tumor cells and

helps distinguish between healthy tissue andmeningioma tissue.32

The use of PT in adult meningioma patients showed promising

results,33,34 themain limitation being its availability. The physical prop-

erties of protons allow to better spare healthy brain tissue and neigh-

boring organs, significantly reducing the dose received by OARs: this

should lead to a lower incidence of adverse effects, justifying the

higher cost of protons compared to traditional, photon-based radiation

therapy.35,36 A recent review by Adeberg et al. found that PT for adult

meningiomas achieves high rates of local control and limited toxicity,

with positive implications for QoL.37 In our patients, limited toxicity

(both acute and late) has been reported: in patient 1, the post PTperile-

sional edema resolved completely after standard steroid therapy, with

minimal residual hyposthenia of the left hand, while the small caver-

nomas remained asymptomatic. The development of cavernomas fol-

lowing CNS radiotherapy is well documented with photons38–40 and

authors believe that asymptomatic lesions should only be monitored

regularly.38 Patient 2 had no significant acute or late toxicities related

to PT and remains in good physical and cognitive conditions at the last

follow-up evaluation.

The present study has several limitations: disease rarity makes

prospective and comparative studies exceedingly difficult, thus only

retrospective data were used. However, the results presented, while

representing only a starting point for future clinical studies on the sub-

ject, indicate a favorable role of protons in treating these rare and chal-

lenging tumors thanks to theirwell-documenteddosimetric advantage,

which leads to lower toxicity rates while still achieving good clinical

results.

4 CONCLUSIONS

Pediatric meningiomas are rare and differ from their adult counter-

part in many regards. When feasible, gross total resection remains

the treatment of choice also in the pediatric setting. In the event of

subtotal resection, a re-resection is recommended if achievable. After

careful pathological review and multidisciplinary discussion, adjuvant

RT should be carefully considered particularly for high-grade tumors.

Given the marked radiosensitivity of brain parenchyma in children, PT

should be considered in these patients to reduce the risk of toxicity and

to improve their quality of life. Based on data showing improved local

control inmeningiomas treatedwithRTandplannedusing alsoPET, the

latter should be used for target definition in highly conformed treat-

ment modalities such as PT.
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