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Abstract

Purpose Patients suffering from recurrent and residual grade 2 (WHO) meningiomas after subtotal excision should be
considered as high-risk groups with an uncertain prognosis. Adjuvant radiotherapy seems to be the best approach to reduce
disease progression. The primary aim of this phase II explorative, monocentric, single arm study was to evaluate the safety
of adjuvant multisession radiosurgery (mRS) in this group of patients; the efficacy in terms of tumour local control was the
secondary endpoint.

Methods Patients recruited from April 2017 to May 2019 were over 18 years old, had a histologically-documented intrac-
ranial recurrent or residual Grade 2 meningioma (WHO 2016) and a KPS > 70. Patients with NF2, concomitant neoplasm
or pregnancy were excluded. Descriptive statistics were provided for categorical variables. Progression free survival (PFS)
was modelled using the Kaplan—-Meier method.

Results Twenty-four patients were enrolled. All 24 patients underwent mRS: twenty-two patients received 28 Gy in 4 frac-
tions, 2 patients received 24 Gy in 4 Treatment related adverse events (CTCAE 4.3) were limited to grade 2 in 1 patient
(4.1%). At a median follow-up of 28 months, 8 patients (33.3%) had disease progression, either out-of-field or infield,
compared with the planning target volume. Considering both infield and out-of-field progressions, 3-year PFS was 47%
(95% confidence interval, CI, 22-69%); considering only the infield ones, 3-year PFS was 86% (95% CI 55-96%), and local
control at last follow-up was 92%.

Conclusion mRS provides good local control of the tumour volume (TV) and is associated with a low rate of toxicity. These
results call for further investigation to confirm favourable outcomes in patients with high-risk meningioma.

Trial information NCT05081908, October 18, 2021, retrospectively registered.
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Introduction

Meningiomas account for approximately 15-20% of all pri-
mary brain tumours in adults [1], among them, grade 2 men-
ingiomas account for approximately 5-7% of the total [1, 2].
These meningiomas are associated with aggressive growth
patterns, in line with their clinical and histopathological fea-
tures of malignancy. Therefore, over the years, the World
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rare, they are associated with severely debilitating and life-
threatening patterns and symptoms, hence optimal diagnosis
and management of these fast-growing lesions is necessary
[4, 5]. Complete resection is the goal of the treatment of
atypical meningiomas [6], however it is very difficult to
achieve especially in the case of skull-based locations. Some
groups favour a wait-and-scan approach after surgery, while
others believe that long-term local control can be achieved
with adjuvant radiotherapy (RT). However, atypical men-
ingiomas can be completely resected and then definitively
cured in only 16—18% of cases [7]. For incompletely resected
grade 2 meningiomas the overall prognosis is poor with 5-
and 10-year PFS of 38-59% and 19-22%, respectively [8,
9], and a significantly reduced overall survival (OS) [8-10].
Recurrent and residual grade 2 meningiomas after subtotal
excision should be considered as high-risk groups with a
bad prognosis [11]. In these cases, RT appears to be the
best approach to reduce disease progression, even though the
results in terms of disease-free survival are quite poor. So
far, most of the published studies have assessed the efficacy
of conventional RT, few studies have reported the results of
SRS in a single fraction [6-10, 12-24]. A recent multi-centre
international cohort study has reported a 33.5% actuarial
PFS at 5 years, which is quite low when compared with SRS
results in benign meningiomas [23]. Only a limited number
of recent publications describe the outcomes of the use of
multisession radiosurgery [24-26]: RS in multiple sessions
combines the possibility to increase local control by deliver-
ing higher total doses over a short time with the reduction
of treatment-associated side effects by limiting the irradi-
ated brain volume. Bearing this in mind, at our Institute,
a prospective phase II study was designed to evaluate the
tolerance of a multisession radiosurgery (mRS) schedule in
this subgroup of patients suffering from high risk grade 2
meningiomas (residual and recurrent).

Methods and design

This is a phase II explorative, monocentric, single arm
study. Modelling has shown that an increased daily dose
and decreased total treatment time results in higher tumour
kill without the development of a predominant radiation-
resistant clone. The model indicates that hypofractionation
induces less radioresistance for the same calculated BED
[27, 28]. Consequently, we have hypothesized that a sched-
ule of mRS delivering 24-32 Gy in 4 fractions could achieve
good local control. Moreover, considering the sharp dose
fall-off, a low rate of radiation related neurological toxicities
has been assumed.

Our Institute’s eligible patients were recruited in the
study from April 2017 to May 2019 according to the fol-
lowing selection criteria: adults 18 years of age or older with
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histologically-documented intracranial Grade 2 meningioma
(WHO 2016) after subtotal resection or recurrence (High
Risk meningioma) and KPS > 70 were enrolled. Patients
with NF2, or concomitant aggressive haematological or
solid neoplasm or pregnancy were excluded.

Ethics

The trial was approved by the institutional review board
and ethical committee. Each patient signed an approved
informed consent before trial enrollment. The protocol was
registered in ClinicalTrials.gov (ID: NCT03345940).

Treatment characteristics

Patients were scheduled to undergo CyberKnife multisession
radiosurgery (mRS): a dose fraction of 6—8 Gy with a total
dose of 24-32 Gy was planned to be delivered in 4 fractions
(consecutive days) to an isodose line encompassing 95% of
the planning target volume (PTV) to the 80% + 5% prescrip-
tion isodose line. The mRS treatments were performed with
CyberKnife, as previously described [29]. The target was
delineated on high-resolution (1 mm thickness) contrast-
enhanced computed tomography (CT) and co-registered
high-resolution MR (1 mm thickness), always using T2 and
T1-weighted contrast-enhanced sequences, as well as fat-
saturated sequences whenever necessary.

The tumour volume (TV) was identified based on these
images as contrast-enhancing areas. No margin was added
for the PTV. All anatomical structures were contoured as
organs at risk (OARs): brain, brainstem, motor area reti-
nas, eyes, lenses, optic nerves, optic pathways, cochleas,
acoustic nerves, and skin. The treatment plans involved an
inverse planning method making use of non-isocentric tech-
nique (Multiplan Accuray Inc.). A typical treatment plan is
depicted in Fig. 1.

Study aim and endpoints

The primary endpoint was tolerance to mRS: the frequency
of neurological side effects related to the radiosurgical treat-
ment was evaluated according to Common CTCAE scale
ver. 4.0.

The secondary end-points were PFS and local control.

The rate of tumour response was defined on the basis
of variation of MR imaging, and evaluated also through
advanced MR techniques and volumetric analysis of the
lesions as detailed below:

Disappearance of the lesion on
MR imaging.

20% decrease in the volumetric
size of the lesion on MRI.

Complete response (CR)

Partial response (PR)
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Fig. 1 An axial and coronal view of treatment plan with the isodose
lines

Stable disease (SD) No change in the size of the
lesion.

Appearance of new lesion/s or
tumour volume increase >20%
compared to baseline and con-

firmed at two consecutive MRs.

Progressive disease (PD)

The pattern of failure has been defined as follow:

e In field if the treated tumour grows

e Marginal if tumour grows beside the original volume
(specifically between the PTV boundary and the 50%
isodose line

e Distant in case of a new lesion appearance, distant from
the treated PTV.

Pre-treatment evaluation and follow up

Patients were prospectively followed-up after treatment for
at least 3 years. Pre and post-treatment evaluations consisted
of physical and neurological assessment. Each adverse event
(AE) was scored in accordance with the NCI Common
Toxicity criteria, version 4.03. Patients were scheduled for
follow-up visits and radiological evaluations 4 months after

the treatment, every 6 months during the first, second and
the third year.

In order to evaluate the tumour control, a T1-weighted
volumetric post contrast MRI sequence, with the addition
of a T1-weighted volumetric post contrast fat-saturation
sequence in case of anterior skull base involvement, were
mandatory.

To assess the tumour response, a volumetric analysis
was performed by means of co-registration of each follow-
up MR on baseline MR. Contouring of the lesion on each
post-treatment MR was carried out to ensure that the PTV
and the post-irradiation lesions were spatially aligned and
comparable.

Data collection

Data collection, based on General Data Protection Regula-
tion (GDPR) guidelines, ensured privacy during the clinical
trial processes, and each patient was provided with an iden-
tification number. Clinical, neurological and radiological
data were recorded on a case report form (CRF) and on an
electronic database according to the Good Clinical Practice
guidelines (GCP), both at baseline and during the follow-up
period at each scheduled session.

Statistical analysis

Descriptive statistics were provided in terms of absolute
numbers and percentages for categorical data, means with
standard deviations (SDs) and medians with value ranges for
continuous data. PFS was analysed using the Kaplan—-Meier
method in order to obtain survival curve and probabilities at
different time points.

Results

The study was activated on the 5th April 2017, and accrual
was completed on 7th May 2019. The analysis date for this
report was May 2021.

Twenty-four out of 27 screened patients were included,
3 were not eligible. All patients completed the treatment
protocol, including twelve males and twelve females. The
average age at treatment time was 61 years (range 37-85).
All patients but one was alive at the date of the analysis (one
death due to Covid-19 related pulmonary complication).

The most common tumour location was convexity (40%),
followed by parasagittal (36%), and skull base (24%). Eight
patients had residual disease and 16 had recurrence. As
regards histology, 24 patients were diagnosed with atypical
meningioma, 1 with focal rhabdoid aspect, 3 with chordoid
features. In 19 cases the number of mitosis in 10 high power
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Table 1 Patients, tumor and dosimetric features

Patients (#)

Gender (M/F)

Age at the treatment time
Mean (range)

24
12/12

61 years (37-85)

Site
Convexity 40%
Parasagittal 36%
Skull base 24%

Tumor volume
Median (range)
Histology (#)

2.7 cc (0.6-16.4)

Atypical 20 (83.3%)

With focal rabdoid aspect 1 (4.2%)

With chordoid aspects 3(12.5%)
Mitosis per 10 HPF

>4 19 (79.2%)

<4 5 (20.8%)
Indication

Residual 8

Recurrent 16
Prescription dose

24 Gy 2 (12.5%)

28 Gy 22 (87.5%)

Conformity Index
Median (range)
Reference isodose
Median (range)

1.30 (1.17-2.95)

81 (78-84)

fields (HPF) was >4, in 5 it was <4. The mean MIB1 value
in the whole cohort was 8%, ranging from 2 to 15%.

The median pre-SRS tumour volume was 2.7 cc (range
0.6-16.4 cc).

The prescription dose was respectively 28 Gy in 4 frac-
tions for 22 patients and 24 Gy in 4 fractions for 2 patients,
with a median prescription isodose line of 81% (range
78-84%). The median conformity index was 1.30 (range
1.17-2.95). Patients, tumour and dosimetric features are
displayed in Table 1.

One patient developed grade 2 toxicity (brief generalized
seizure), according to CTCAE ver. 4.0 4 months from SRS.
No severe adverse events occurred (CTCAE > III).

The median follow-up was 28 months.

In 54% of the patients a volumetric reduction (>20%) of
the treated lesions was observed (see Fig. 2). At the last fol-
low-up 8 patients (33.3%) showed stable disease, 8 (33.3%)
partial response, and 8 (33.3%) had developed progressive
disease. As regards to the latter group, the recurrence was
distant from the original treated site in 6 patients (in 4 cases
more than 3 cm from the PTV, and in 2 cases between 1
and 2 cm from the PTV). The last two patients experienced
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both marginal and infield progression. Considering both
infield and outfield progressions, PFS at 3 year was 47%
(95% confidence interval, CI, 22-69%), and local control at
last follow-up was 63% (Fig. 3). Considering only the infield
progressions to evaluate the efficacy of the mRS schedule,
3-year PFS was 86% (95% CI 55-96%), and local control at
last follow-up was 92% (Fig. 4). The median time to tumour
progression was 17 months (range 3-29). Four (50%) of the
8 progressed patients had mRS for residual tumour, 4 (50%)
for recurrence.

All recurrent patients but 2 (75%) had a number of mito-
sis in 10 high power fields > 4.

The mean MIB-1 value in the progression group is 7%;
while in the stable disease group is 8%.

A new mRS, with the same RS schedule was performed
on 6 patients with outfield progressions.

No adverse events occurred in these cases. Three patients
underwent surgery.

Discussion

The issue about the timing and the modality to treat recur-
rent and residual grade 2 meningioma is still under debate.
A recent RTOG trial [11, 30] proposed the use of high dose
IMRT treatment (54—-60 Gy) by using conventional margins
(up to 2 cm) to achieve better local control in this kind of
patient group suffering from high-risk meningioma. In this
study the authors report a 3-year PFS rate of 58.8% after
IMRT treatment with the 92.9% of recurrences, within the
planning target volume. One patient (1.9%) died because of
treatment related toxicity and near 50% of the patients suf-
fered from grade 1-3 toxicity. Considering this, the authors
argue the possibility of dose escalation to the whole volume
(instead of two different dose levels) or the possibility of
IMRT with radiosurgery boost.

In a large experience from the International Radiosurgery
Research Foundation (IRRF) the authors report that using
single session radiosurgery [23] a 1, 2, and 5-years PFS
rate of 84.2%, 67.8%, and 36.4% for atypical meningiomas
(median 41.4 months) which are comparable to the IMRT
experiences; the adverse events were observed in 12.5% of
cases (50 symptomatic).

In this scenario, we started our experience by treating
patients with high dose mRS (24-28 Gy in 4 fractions) with-
out margins to achieve both a better local control and a safer
re-treatment possibility.

As a fact, the present phase II explorative study suggests
that mRS could elicit positive results in the treatment of
residual/recurrent atypical meningioma without any major
adverse events, including the 6 patients who underwent a
retreatment with the same doses because of PD.
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Fig.2 In A and C are respec-
tively depicted the axial and
coronal post gadolinium,
pre-radiosurgery images of
frontal parasagittal atypical
meningioma. In B and D the

24 months post-radiosurgery
images show a partial response
of the tumor. The treatment plan
are presented in Fig. 1

0.50 0.75 1.00
1 1 1

0.25
1

0.00
1

0 12 24 36
time (months)

Number at risk
24 (2) 21 (2) 14 (5) 4

Fig.3 Progression free survival (PFS), considering both infield and
out-of-field progression

The above-mentioned schedule was indeed well toler-
ated; after a median follow-up period of 28 months no grade
III-IV toxicity was observed. This, together with the 3-years
PFS of 47% and the 92% control rate of the treated recurrent/
residual tumour would induce us to confirm the safety and
the efficacy of the SRT schedule. Nevertheless, considering

o
S
—

0.50 0.75
1 1

0.25
1

0.00
1

0 12 24 36
time (months)

Number at risk
24 (0) 23 (0) 17 (2) 5

Fig.4 Progression free survival (PFS), considering only infield pro-
gression

the type of recurrence found in our explorative study (75%
outside the PTV), in our opinion the main pitfall remains the
correct identification of the TV, as stated in a recent publica-
tion [24, 30, 31]. Whether or not including the dural tail or
a few mm along the dura or healthy brain in proximity of
the TV could be taken in consideration to obtain better local
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tumour control. Biological PET images could help define
the optimal target in the TV identification process. PET
may indeed enhance the detection of suspicious diffusion,
which may elude the current radiological techniques [32]. In
adjunction to doses and radiation delivery techniques, new
trials should focus on neuroimaging and genetic definition
[32, 33]. A possible genetic- and molecular-based classifica-
tion of meningiomas may introduce a new way of stratifying
risk and provide a surrogate prognostic factor of survival
and recurrence [33, 34]. The current study does not support
specific prognostic factors but some elements such as the
number of mitosis per 10 HPF or the MIB1 rate warrant
further investigations.

Another favourable element observed has been the low
rate of complication after the re-irradiation of new locali-
sations in out-of-field recurred patients. In 6 patients’ new
lesions (distant more than 1 cm from the original PTV) were
observed: re-irradiation was performed with the same RT
schedule without any adverse events. As in oligometastatic
patients’ multiple irradiations seems to offer good local con-
trol and theoretically better OS. The concept of not offering
a definitive cure but a treatment with low morbidity can be
in the specific population an affordable option. Quality of
life and neuropsychological tests should be introduced to
verify this affirmation.

In conclusion, 28 Gy in a 4 fraction schedule achieves
good local control in the TV with a low percentage of infield
recurrence/progression. The main problem in treating high-
risk meningiomas remains the development of out-of-field
recurrences, thereby reducing the rate of global local control
[24]. Repeat mRS can be a further option to locally con-
trol the disease progression as suggested in oligometastatic
patients, in which multiple irradiation seems to prolong the
OS with good quality of life. A key element in support of
this option is the low rate of observed neurological compli-
cations (4.1%, grade 2). More data is needed to confirm the
results of this study, and an extension of the protocol has
been proposed to the Ethics Committee.
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