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ABSTRACT

Background: Spheno-orbital meningiomas (SOM) are known to invaded critical skull base areas. The authors
report a series of WHO I SOM, propose a subclassification of this tumor according to its extension to critical
positions and analyze the impact of extent of resection and the role of stereotactic radiotherapy in tumor
recurrence.

Methods: A prospective maintained university medical center registry was utilized to undertake a retrospective
review of patients operated with WHO I SOM. Details related to critical skull base region’s extension (superior
orbital fissure, cavernous sinus, orbital apex), extent of resection and adjuvant radiosurgery were collected.
Statistical calculations were preformed using IBM SPSS Statistics version 25. A p value < 0.05 was considered
significant. Survival analysis was performed using Kaplan-Meier survival analysis and the log rank test.
Results: A total of 77 patients operated from 2002 to 2021 were included. There were 65 women (84.4 %) and 12
men (15.6 %). Mean age at surgery was 54.8 years (median 53 years, range 23 — 88). Tumors were defined as
local in 28 (35.4 %) and with extension into the skull base critical structures in 51 (64.6 %). GTR was achieved in
35 (44.3 %), STR in 40 (50.6 %), and PR in four (5.1 %). Surgical morbidity was 10 %. There was no surgical
mortality. 28 patients with STR or PR were treated with adjuvant radiotherapy. The total length of follow up was
a mean of 172.3 months. There were 14 recurrences/progressive growth (17.7 %), 63 patients (79.7 %) had no
recurrence/progressive growth, and two patients (2.5 %) were lost to follow-up. PFS was significant statistically
different in patients with invasive tumors in whom the extent of resection was subtotal, with a longer PFS in
patients that were treated with adjuvant radiotherapy. (P value < 0.001).

Conclusions: SOM could be divided in two groups according to its skull base extension facilitating decision
management and outcome prediction. Patients with local WHO I SOM had higher rate of GTR and better PFS than
tumors extending to involve critical regions. When STR or PR is achieved postoperative adjuvant radiotherapy is
advised if there is evidence of previous tumor growth.

1. Introduction

plaque” or as a “globular” mass involves the dura mater of the adjacent
anterior aspect of the middle cranial fossa and periorbita.[1] SOM are

Spheno-orbital meningiomas (SOM) arise from the dura covering the noted for their ability to produce hyperostosis and capacity to invade
sphenoid wing with extension into the orbit via bony invasion of the critical areas in the skull base, notably the superior orbital fissure (SOF),
lateral wall and/or roof of the orbit. The meningioma tissue, either “en orbital apex (OA), and cavernous sinus (CS). Patients may present being
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almost asymptomatic or with symptoms, including proptosis, visual
disturbances, and retroorbital pain [2-5]. Tumor size and invasion of
critical structures vary from small lateral hyperostotic tumors to giant
invasive tumors. Management options include debate on timing of sur-
gery, extent of the surgery and the role and timing of radiotherapy. The
extent of surgical resection related to tumor invasion and outcome has
been discussed in numerous publications [2,5-18].

Radiation therapy has also evolved and has been used with prom-
ising results as adjuvant therapy or upon recurrence in skull base me-
ningiomas, including SOMs. In patients with residual tumor of World
Health Organization (WHO) grade II or III pathology, some form of
adjuvant stereotactic radiotherapy is increasingly recommended; how-
ever, a consensus regarding the optimal timing for adjuvant radiation
treatment is lacking in those with WHO I tumors, which represent the
great majority of SOM patients, being more than 80 % in most series
[12,19,20]. Debate focuses on the management of small residuals in the
SOF, OA, or/and CS [8,10,21-25]. There has been no clear evidence as
to whether radiation should be used following resection as an adjuvant
treatment or only at the time of radiological or clinical progression.

Since 2007, we have recommended adjuvant stereotactic radio-
therapy to patients who have undergone subtotal or partial resection of
WHO I SOMs that had invaded critical anatomical areas such as SOF,
OA, and CS, preventing their complete safe removal, and if there is
clinical or radiological evidence of pre-operative tumor growth. We
present our experience treating patients with WHO I SOMs, with a focus
on the impact of skull base invasion, extent of resection and the role of
stereotactic radiotherapy in their progression free survival.

2. Methods and materials
2.1. Definition

In this series of SOM, we included those tumors with associated
hyperostosis of the greater and lesser sphenoidal wings, which may also
have invaded the orbital roof, lateral orbital wall, and anterior part of
the middle cranial fossa floor, as well as intraorbital, intracranial and
infratemporal fossa extension.

2.2. Patients

From the prospective Skull Base Registry of the Hadassah Hebrew
University Medical Center, we selected patients who satisfied the defi-
nition criteria of SOM and were operated in between 2002 — 2021. Only
patients with WHO I SOMs were included. We performed a retrospective
review of hospital records and the surgeon’s notes. Patients who did not
strictly satisfy the inclusion criteria, such as those with non-hyperostotic
sphenoid wing meningiomas, clinoid meningiomas, or primary optic
nerve sheath meningiomas, and those with WHO II or III pathology,
were excluded from this study.

Operative criteria included those patients with visual deterioration
or visual impairment as assessed by a neuro-ophthalmologist, a pro-
gressive proptosis, or radiological evidence of tumor progression.

Data summarizing patients’ medical histories, pre- and postoperative
clinical and neurological status, ophthalmological evaluation (visual
acuity, visual field changes, and exophthalmos), imaging evaluation,
surgical technique, extent of resection, orbital reconstruction, pathol-
ogy, surgical complications, morbidity and mortality, adjuvant radio-
therapy, and long-term clinical and radiological follow-up were
recorded. Our Institutional Review Board waived the requirement for
informed consent for this retrospective review.

The extent of bone hyperostosis or invasion was assessed with
computed tomography (CT), and extent of extracranial (infratemporal
fossa), intracranial, and intraorbital invasion by the tumor was evalu-
ated with magnetic resonance imaging (MRI) in all patients. The extent
of periorbital invasion, dura matter infiltration, optic canal (OC), SOF,
OA, and CS tumor infiltration by the tumor were recorded. MRI was also
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used to measure the radiological exophthalmos index (EI) [8] (Fig. 1).

Initially we divided tumors in two groups according to their radio-
logical features, and then refined the group assignment based on find-
ings at surgery. Tumors that had not invaded the SOF, OA, or CS were
defined as local. If the tumor invaded either the SOF, or the OA or the CS
they were defined as “extended” (Fig. 2). Operations were defined as
gross total resection (GTR) when the surgeon was able to resect all the
tumor including bone hyperostosis macroscopically and on post-
operative MRI, there was no radiological features of residual in the
SOF, OA, or CS-the equivalent of a Simpson grade (SG) I-II [26]; sub-
total resection (STR) when a minimal residual was left, such as a tail of
tumor inside the SOF, OA, or CS or beneath the optic nerve in its
canalicular segment (SG III); and partial resection (PR) when an obvious
macroscopic residual was left in the skull base, SOF, OA, CS or any
intracranial soft tissue (SG IV).

2.3. Surgical technique

Operations were performed under general anesthesia and endotra-
cheal intubation using an operating microscope, neuronavigation based
on fused preoperative CT and T1-weighted gadolinium-enhanced MRI,
high-speed drills, and microsurgical techniques.

A frontotemporal bone flap was elevated [27]. The hyperostotic bone
was removed with the high-speed drill and included extradural drilling
of the major and minor sphenoid wings, orbital roof, and middle cranial
fossa floor. The extent of the drilling to remove the hyperostotic part of
the tumor was determined by tumor extension and bone involvement.
This usually involved resection of varying amounts of the major and
minor sphenoid wings along with the roof and lateral orbital wall, fol-
lowed, when necessary, by OC unroofing and when the anterior clinoid
process (ACP) was invaded extradural anterior clinoidectomy. Any
extracranial component of the tumor in the infratemporal fossa was
removed at this stage, during bone drilling.

Incision of the dura mater was started over the frontal lobe basally,
continued across the Sylvian fissure to the temporal lobe, and inverted

Fig.1. MRI was used to measure the radiological exophthalmos index (EI).
EI=A/B [8].
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Fig.2. Preoperative CT and MRI images showing our definition of WHO1 SOM as local when there was no invasion of the SOF, OA and CS (A-B) and as “extended”
when tumor was localized into one of these critical structures (C-D). (C) shows CS involvement.

basally, exposing the intradural meningioma. The tumor was removed
together with varying amounts of the obviously infiltrated dura,
depending on the extent of the “en plaque” invasion. If the tumor
extended into the CS, the external layer of the lateral wall was peeled
away or diathermied, but tumor inside the CS was not resected. In cases
of OC involvement, the falciform ligament was transected and the tumor
was removed from inside the optic canal to the extent possible while
preserving the optic nerve.

Surgery then proceeded with removal of intraorbital tumor. Usually,
the tumor invaded the periorbita as well. Dissection of this component
was completed as a late or last step of tumor removal to avoid extrusion
of the periorbital fat that is usually contained by the periorbita, since
this interferes with the dissection. The periorbita was opened even when
it was not invaded by the tumor to decrease intraconal pressure and
improve proptosis.

If the tumor had invaded the area of the OA, a small remnant was
usually left. If the tumor had expanded medially and deeper than the
optic nerve, OC, maxillary nerve, foramen rotundum, or structures of the
SOF, OA, or CS, this tumor was left as residual. Our approach in these
patients was not to cross the neurovascular structures.

2.4. Reconstruction

Dural infiltration is a consistent feature of the SOMs, and there was a
significant dural defect after tumor removal and as such it was not
possible to achieve a primary watertight dural closure. A dural substitute
(Duragen, Integra Life Sciences, Plainsboro, NJ, USA) was placed to
cover the dural defect with addition of a small volume of the

cryoprecipitate and thrombin mixture.

In cases of relatively small bone defects, we replaced the fronto-
temporal bone flap and packed the basal gaps with compressed Gelfoam
(Pfizer Inc.). If the lack of bone in the infratemporal fossa was signifi-
cant, we used titanium mesh to prevent future hollowing out and
cosmetic deformity. In some cases of large orbital wall defects, we
reconstructed the orbit with titanium mesh and in one patient we used a
custom-made Su-pore implant (Poriferous, LLC).

2.5. Postoperative Course

A brain CT scan was performed the day after surgery to rule out
intracranial hematoma or pneumocephalus and to determine the extent
of hyperostotic bone resection. MRI scans were obtained 3-to-6 months
and 1 year after surgery, and then annually. Neurological and neuro-
ophthalmological evaluation were performed at the same intervals.

The extent of resection was determined based on intraoperative
assessment, and the postoperative gadolinium enhanced MRI obtained
approximately 6 months after surgery. Subsequent MRI studies were
used to evaluate tumor recurrence or progressive growth of residual
tumor. Recurrence is defined as tumor recurring after seemingly total
resection and progressive growth as when there is further growth after
STR or PR.

Postoperative proptosis was evaluated using MRI obtained 1 year
after surgery, since the corrective effect of surgery cannot be effectively
evaluated on earlier studies. This also avoids the error of labeling re-
sidual proptosis as a new recurrence. The exophthalmos index EI (Fig. 1)
was defined as improved with a decrease to < 0.05 of the preoperative



S. Moscovici et al.

level, a deterioration when there was an increase to > 0.05 from the
preoperative level, or as unchanged when the change was not more or
less than 0.05 compared with the preop index. [8].

2.6. Stereotactic radiotherapy

Patients were treated with either Fractionated Stereotactic Radio-
therapy (FSR) or Stereotactic Radiosurgery (SRS) based on a multidis-
ciplinary discussion as recommended by consensus guidelines. [28]
Until 2016, a rigid stereotactic frame head fixation was used for single
fraction SRS treatment and a rigid thermoplastic face-specific mask was
used for FSR treatments. As of 2016, a rigid thermoplastic face-specific
mask was used for SRS and FSR patients. High-definition CT scans were
obtained followed by Axial 3D T1-gadolinium MRI, 0.5 mm slice
thickness sequences. Image data sets were fused using treatment plan-
ning and tumor volume and regions at risk were defined. Treatment
planning was performed using dynamic conformal arc therapy or In-
tensity Modulated Radiotherapy (IMRT) and approved by the treating
physician.

Treatment delivery was performed on a LINAC-based platform
available at the time (2005-2015 — Varian DBX with Brainlab MS3;
2016-2020 — Truebeam Novalis STx with ExacTrac X-Ray). Radio-
therapy treatment parameters (number of fractions, radiation dosage,
treated tumor volume, etc.) were collected from the patient’s medical
files and documented.

2.7. Statistical analysis

Statistical calculations were preformed using IBM SPSS Statistics
version 25. A p value < 0.05 was considered significant. Associations
between categorical variables were assessed with the chi-square test.
Progression-free survival (PFS) was calculated from the date of surgery
to the date of last follow-up or date of recurrence or progressive growth.
Analysis was performed using Kaplan-Meier analysis and the log rank
test.

3. Results
3.1. Patients

A total of 79 operations were performed in 77 patients during the
study period, including 16 patients (20.8 %) who had been operated
elsewhere before presenting to our hospital with growing residuals or
recurrent tumors. There were 65 women (84.4 %) and 12 men (15.6 %).
Mean age at surgery was 54.8 years (median 53 years, range 23 — 88).
Tumors were defined as local in 28 (35.4 %) and “extended” in 51 (64.6
%). Clinical presentation, which is summarized in Table 1, was similar
for the two groups except for proptosis, which was significantly more
common in patients with “extended” SOMs. Tumor features, including
extensions, are also shown in Table 1.

3.2. Extent of resection

Surgical details and extent of resection are summarized in Table 1.
GTR was achieved in 35 (44.3 %) surgeries, STR in 40 (50.6 %), and PR
in four (5.1 %). GTR was achieved in 27 patients with local tumors (96.4
%) and eight with “extended” tumors (15.7 %). In one patient with a
local tumor, we limited the surgery to STR to prevent CSF leak, leaving a
residual in the ethmoid sinus. Details regarding the location of residuals
are shown in Table 2. Surgical reconstruction details are shown in
Table 1.

3.3. Morbidity and mortality

There was no surgical mortality. Surgical complications are sum-
marized in Table 1. Two patient (2.5 %), both with pre-operative
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Table 1
Clinical presentation and surgical details of 79 operation of SOMs from 2002 to
2021.

Characteristic Total Local Invasive P
Op (%) SOM (%) SOM (%)
N=79 N=28 N=51

Clinical Presentation

Proptosis 72 23(82.1) 49 (96.1 %) 0.037
(91.1 %)

Visual impairment 32 8 (25 %) 24 (47.1 %) 0.109
(40.5 %)

Temporal Swelling 27 7 (25.0 20 (39.2 %) 0.2
(34.2%) %)

Headache 24 9 (32.1 15 (29.4 %) 0.8
(30.4 %) %)

Retro-ocular pain 24 7 (25.0 17 (33.3 %) 0.4
(30.4%) %)

Incidental Finding 7 (8.9 4(14.3 3 (5.8 %) 0.2
%) %)

Diplopia 4 (5.1 1(35%) 3(5.95%) 0.66
%)

Lacrimation 4 (5.1 2 (7.1 %) 2 (3.9 %) 0.52
%)

Confusion 1(1.3 0 1 (1.9 %)
%)

Aphasia 1(1.3 0 1 (1.9 %)
%)

Instability 1(1.3 0 1 (1.9 %)
%)

Trigeminal pain 1(1.3 0 1(1.9%)
%)

SOM Features

Infiltrated Infratemporal fossa 59 15 (53.6 44 (86.3 %) 0.001
(74.7%) %)

Optic canal hyperostosis 53 13 (46.4 40 (78.4 %) 0.004
(67.1%) %)

Infiltrated ACP 51 9(32.1 42 (82.4 %) <0.001
(64.6%) %)

Infiltrated OA/SOF 55 13 (46.4 42 (82.4 %) 0.001
(69.6%) %)

CS infiltration 38 2(7.1%) 36 (70.6 %) <0.001
(48.1 %)

Temporal muscle infiltration 20 3(10.7 17 (33.3 %) 0.027
(25.3%) %)

Sphenoid sinus infiltration 18 0 18 (35.3 %) <0.001
(22.8%)

Ethmoid sinus infiltration 15 1(3.5%) 15 (29.4 %) 0.001
(19.0 %)

Tumor inside optic canal 14 0 14 (27.5 %) 0.002
(17.7 %)

Vascular (ICA, MCA) 5(6.3 0 5 (9.8 %) 0.087

encasement %)

Surgical Details

Optic canal unroofing 52 13 (25 39 (75 %) 0.007
(65.8 %) %)

Optic sheath opening 52 12 (23.1 40 (76.9 %) 0.001
(65.8%) %)

Anterior clinoidectomy 40 9 (22.5 31 (77.5 %) 0.015
(50.6%) %)

Extent of Resection

Gross total resection (GTR) 35 27 (96.4 8 (15.7 %)
(44.3 %) %)

Subtotal resection (STR) 40 1(3.6%) 39(76.5%)
(50.6 %)

Partial resection (PR) 4 (5.1 0 4 (7.8 %)
%)

Location of Residual

Cavernous sinus 36 0 36 (70.6 %)
(45.5 %)

SOF/0A 42 0 42 (82.4 %)
(53.2 %)

Ethmoid and/or sphenoid 18 1(3.6%) 17 (33.3 %)

sinus (22.8 %)
Type of Reconstruction
Type 1 35 15 (53.6 20 (39.2 %)

(44.3%) %)

(continued on next page)
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Table 1 (continued)

Characteristic Total Local Invasive P
Op (%) SOM (%) SOM (%)
N=79 N=28 N=51

Type 2 35 12 (42.9 23 (45.1 %)
(44.3%) %)

Type 3 9(11.4 1(3.6%) 8(15.7 %)
%)

Surgical Complications

Pseudomeningocele 5(6.3 2(71%) 3(5.9%)
%)

Wound infection 3(3.8 2(71%) 1(2.0%)
%)

Ophthalmoplegia (partial) 3(3.8 0 3(5.9%)
%)

CSF leak 2 (25 0 2 (3.9 %)
%)

Seizures 1.3 0 1 (2.0 %)
%)

Unilateral blindness 2 (25 0 2 (3.9 %)
%)

Bilateral PE with intracranial 1(1.3 0 1 (2.0 %)

hemorrhage after clexane %)

Op = operation, SOM=Spheno-orbital meningioma, ACP=Anterior clinoid
process, OA=Orbital Apex, SOF=Superior orbital fissure, CS=Cavernous sinus,
ICA=Internal Carotid Artery, MCA=Middle cerebral artery, GTR=Gross total
removal, STR=Subtotal removal, PR=Partial removal, CSF=Cerebro spinal
fluid.

Table 2
FSR/SRS adjuvant therapy details of 28 patients operated with SOMs from 2002
to 2021. Main Treatment-related parameters.

Parameter No. of Mean marginal Maximal
Patients dose for 80-90 % dose
(%) isodose line. Gy Gy (range)
N=28 (range)
FSR, full fractionation 27-28 22 (78.6 48.6 53.8
fractions %) (50.4-54)
SRS 4 (14.3 %) 12.8 (12-13) 15.8
(13-16.2)
FSR, hypofractionation 5-16 2(7.1 %) 35.5 (30-40) 40.9
fractions (37.5-44.4)
Mean Time from operation to 28 (100 — —
adjuvant radiotherapy. %)

Months (range) - 9.2 (1-28)

Gy = gray, FSR=Fractionated stereotactic radiosurgery, SRS=Single fraction
stereotactic radiosurgery.

impaired vision, became blind in the operated eye. New permanent
partial ophthalmoplegia developed after three operations (3.8 %). New
onset seizures in one patient (1 %) were successfully controlled with
medication. Cerebrospinal fluid (CSF) wound leak occurred in one pa-
tient (1 %). CSF rhinorrhea via the ethmoid sinus occurred in one patient
(1 %) and this resolved with continuous lumbar drainage. A pseudo-
meningocele developed after five operations. All were managed suc-
cessfully with temporary continuous CSF drainage. Bilateral pulmonary
embolism (PE) occurred in one patient (1 %) two days after surgery and
was treated with clexane and an inferior vena cava filter. Superficial
wound infections in three patients resolved with oral antibiotics.

There were 7 patients with post radiation tiredness, and 5 with a
permanent dry eye. 2 patients had visual deterioration following radi-
ation, one of them returned baseline status during the follow up 6
months and one had a permanent visual impairment.

3.4. Visual outcomes

A total of 32 (40.5 %) patients had preoperative visual acuity defi-
cits. Among them, 19 (59.3 %) improved, 10 (31.3 %) remain un-
changed, and three (9.3 %) had visual deterioration following surgery,
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including two who became blind in the ipsilateral eye.

Proptosis was seen in 72 (91.1 %) patients before surgery. It
improved in 56 (77.8 %), was stable in 14 (19.4 %), and was worse in
one. One patient developed enophthalmos.

3.5. Radiation

In patients with STR or PR we recommended adjuvant radiotherapy
if there had been clinical or radiological evidence of preoperative
growth of the tumor.

Of the 28 patients treated with adjuvant radiotherapy 24 (78.6 %)
were treated with full fractionation FSR, receiving the protocol of 27
daily fractions of 1.8 Gray (Gy) to the 90 % isodose line (IDL), (accu-
mulated 54 Gy to isocenter) in 5 fractions per week. Four patients were
treated with single fraction SRS with 13 Gy to 80 % IDL while 2 (7.1 %)
patients were treated with 5-16 fractions of 30 to 40 Gy to the 90 % IDL.
Single dose SRS was performed for patients with relatively small target-
volume and when the tumor is sufficiently separated from the optic
pathways. [12] The mean time from surgery to stereotactic radiotherapy
was 9.2 months (range 1-28 months). Table 2. The delay of radiation in
some patients related to the patient preference regarding timing of the
radiation.

3.6. Tumor recurrence or progressive growth

Tumor progression of local and “extended” SOMs according to extent
of resection and administration (or not) of stereotactic radiotherapy is
summarized in Fig. 3. The total length of follow up for all the group was
a mean of 172.3 months. 14 patients showed tumor progression (17.7
%), 63 patients (79.7 %) had no recurrence or progressive growth, and
two patients (2.5 %) were lost to follow-up.

Overall, 5-year and 10-year progression-free survival rates (PFS)
were 80.4 % and 75.8 %.

In patients in whom GTR was achieved, 5y PFS was 93.1 % and 10y
PFS was 86.4 % (mean 187.72 months). In patients with STR and PR
resection the 5y PFS was 71.8 % and 10y PFS 68.4 % (mean 158.4
months). It was not statistically significant (p 0.1) (Fig. 4).

PFS was statistically significant when comparing between the local
and “extended” type of SOM (P value = 0.032). In the local type of tumor
there was one recurrence (mean time 197.3) while in the invasive group
there were 13 (mean 157.1 months) patients with SOM progression. In
those patients with local type SOM 5 and 10 y PFS was the identical 95.5
%, and in the “extended” group 5 year was 72.9 % and 10 year was 66.8
%. (Fig. 5).

Adjuvant radiation treatment made a significant difference to the
PFS in patients in whom the extent of resection was subtotal, with a
longer PFS in patients that were treated with adjuvant radiotherapy in
comparison with patients who did not receive radiation. (P value <
0.001). In those patients following radiation the PFS was 205.8 months
compared with those not treated with adjuvant radiation 92.7 months.
In patients having a subtotal resection without radiation the PFS at 5y
was 42.4 % and at 10y 31.8 % compared to 100 % 5- and 10-year PFS
with radiation treatment. However, in one patient who had subtotal
resection and adjuvant radiation there was a recurrence 121 month after
the treatment (Fig. 6).

Patients with GTR in the local group had no recurrence, but re-
currences occurred in 3 of the 8 patients in the” extended” group who
had GTR (P value 0.001) (Fig. 3) These patients had not received
adjuvant radiation treatment as it was our policy not to give radiation if
there was no residual tumor on the post-operative imaging.

There were no recurrences in those patients with local disease in
whom GTR was achieved. The PFS was worst in the patients following
STR/PR who did not have adjuvant radiation treatment.
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Fig.3. Flowchart of 79 WHO1 operated for SOM, its subclassification in local and “extended” type of tumor, extent of resection, adjuvant radiation treatment and
tumor progression. (defined in the text as “tumor recurrence” when there has previously been a complete resection of the tumor, and “progressive growth” when the

residual tumor has progressive growth).
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Fig.4. PFS when EOR was compared. GTR (dotted line) vs STR/PR (solid line).
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Fig.5. PFS comparing Local (dotted line) vs “extended” tumors. (solid line).
4. Discussion

We present a cohort of patients with WHO I SOMs who were divided
in two main group; local or “extended” SOM, according to the structures
invaded in the skull base. Not surprisingly, extent of resection and
progression free survival were significantly better in patients with local
SOMs compared to those with tumors invading the orbital apex, superior
orbital fissure or cavernous sinus tumors (P value 0.032). Among pa-
tients who had a subtotal resection, PFS was significantly better in those

who had adjuvant stereotactic radiotherapy (P value < 0.001).

There are many publications dedicated to SOMs that focus on clinical
manifestations, tumor extension, surgical details, extent of resection,
surgical reconstruction, complications, proptosis, and visual outcomes.
[2-6,8,10-13,16,17,29] Our results in do not differ significantly from
other reports. Proptosis was the most frequent clinical presentation.
Residual tumor remained when the SOF, OA and CS were invaded, and
surgical treatment led to improvement of proptosis and visual impair-
ment in most patients. However, there has been no consensus regarding
strategies for classifying SOMs to enable clear recommendations
regarding optimal management strategies, especially with respect to
adjuvant radiotherapy after STR in patients with WHO I tumors.

In terms of surgical approach, we used exclusively the pterional
based craniotomy with local modifications depending on the extension
of the tumor. This type of approach has been the standard surgical
technique utilized for SOM resection in 92 % of the series. [16] More
recently other approaches including the orbitozygomatic approach,
endoscopic endonasal and transorbital techniques have been advocated.
[30-32] The utilization of these approaches may be worth considering,
depending on the extension of the tumor and local experience with the
techniques.

The majority of other series included SOMs that we defined as local
or “extended” in a single group and analyzed their data collectively and
most studies have also included WHO II patients in the series. We
excluded patients with WHO II and III tumors from our study because we
believe adjuvant radiation is always indicated in these patients. In
addition to the WHO grade of meningioma, the proliferation index and
progesterone receptor expression are known to possibly influence tumor
recurrence and management. In our series we assessed only the WHO
grade but other features could be considered in future studies. [33]
Some authors have defined subtypes of SOMs. In a series of 30 patients,
Scarone et al [8] defined Type A SOM to be characterized by enhanced
intraosseous extension, often with intradural and periorbital compo-
nents, but no ACP or CS invasion. In contrast, their Type B SOM always
showed an intradural mass, a periorbital component displacing intra-
orbital muscles, and invasion of the ACP and/or CS. [8]. They found that
11 % of patients with Type B tumors had recurrences compared with a
slightly lower rate of 9 % in patients with Type A SOMs. [8] As in our
series several publications indicate that CS, intraconal, and SOF invasion
are associated with worse PFS because of more limited extent of resec-
tion and they also had higher incidence of postoperative neurological
deficits. [11,12,34,35].

The surgical morbidity in our series was 10 %. Post operative
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Fig.6. PFS comparing STR+Rx (dotted line) vs STR nonRx (solid line).

morbidity has previously been reported ranging from 3.3 % to 63.1 %.
[8,20] A 2021 metanalysis reported that the most common surgical
complications were hypoesthesia (19 %), ptosis (17 %), diplopia (17 %)
and ophthalmoplegia (16 %). However, in one series post-operative
ophthalmoplegia was noted to improve in nearly all patients (96 %).
[16].

Previous series reported GTR in approximately a third [5,11,12] to a
half of patients [2,7,13]. In our series, GTR was achieved in 44.3 % of
surgeries. However, it is difficult to analyze SOM patients as one ho-
mogeneous group, since extent of resection is critically dependent on the
extension into critical locations. We achieved GTR in 27/28 (96.4 %)
patients with local tumors but in only 8/51 (15.7 %) of those with
“extended” tumors. The true extent of SOM extension to the skull base
can be difficult to assess in preoperative imaging. [2] In our series,
tumor extensions were underestimated in one patient who was mis-
classified as local based on preoperative imaging. For this reason, clas-
sification was reassessed after intraoperative assessment of tumor
extensions. This difference could explain some of the differences be-
tween rates of GTR in various reports. [11].

The relationship between extent of resection and recurrence remains
unclear in the literature, with reported rates of recurrence ranging from
0 — 71 %. Some authors have argued that these factors are not related
[11] and others have reported an inverse relationship. [2,5,23,36-38] In
one series, 61 % of patients with residual tumor remained radiologically
stable at a mean follow-up of 7 years (range 1-21 years) [39], but in
another series where only about half of the patients had GTR, there was
recurrence in about one third. [7] Alzhrani G et al [40] assert that total
removal of all the tumor, including soft tissue and hyperostotic bone,
provides the longest recurrence-free survival and symptomatic relief for
patients. However, this report noted a case of a recurrent hyperostosis
after GTR of a SOM that had included complete removal of the involved
bone.

Two series with relatively high gross total resection rates reported
recurrences in 6 % and 7 % of patients at mean follow-up of 4.5 and 3
years respectively, and one report in which 70 % of patients had GTR
found had recurrences in 8 % at 5-year follow-up [2,38,41]. Nagahama
et al, reported an increase in tumor recurrence beginning at 6 years after
surgery [12]. We have a 18.8 % of recurrences or progressive growth at a

mean follow-up time of 172.3 months, which was significantly higher in
patient with STR/PR than GTR (p 0.1), with 13 patients having tumor
progression in the ‘extended” group and only one in the local group.

Over the past two decades, stereotactic radiotherapy has emerged as
an effective and safe adjuvant therapy for inoperable meningiomas,
including cavernous sinus meningiomas and high-grade residual me-
ningiomas. [42-44] Fractionated stereotactic radiotherapy has been
established as an effective treatment modality for SOMs. [21,28,37].

There is no clear consensus on the timing of adjuvant radiation after
resection. Terpolli et al. suggest that giving radiation within 6 months
after maximal SOM resection, improves vision and tumor control. [45]
In our series, we recommended radiation treatment in all patients with
STR (43 patients) who had previous clinical or radiological evidence of
tumor growth, but 15 patients declined treatment. The mean time to
adjuvant treatment was 9.2 months as some patients delayed treatment
due to personal reasons.

As indicated our policy was to offer post operative radiation to all the
patients with residual tumor when there was pre or post operative
radiological or clinical tumor progression. However, the alternative
option of reoperation at tumor progression and or recurrence has also
been advocated by some authors. Mariniello et al [46] has described
reoperation achieving an overall control in 88 % with one or more op-
erations in a time period from 5 to 28 years, mean 136 months. We
acknowledge that there is variation in management with some centers
either advising re-operation at time of progression and or radiation only
if there is evidence of post-operative tumor progression. [46].

Our analysis showed that those patients who underwent STR and
received adjuvant stereotactic radiotherapy had significantly better
tumor control than those who underwent STR without irradiation (p =
0.001; 5-and 10-years progression free survival rates of 100 % vs. 42 %
and 100 % vs 32 % respectively. (Graph 3).

We recommend SRS treatment for patients with relatively small
target-volume and when the residual tumor is sufficiently separated
from the optic pathways [12], but only four out of our 28 irradiated
patients were eligible for this treatment. Consequently, due to anatom-
ical and pathological characteristics of SOMs, most of our patients
received FSR (24/28).[47,48] With the exception of one patient with
permanent visual deterioration, the absence of new visual deficits and
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other cranial nerves neuropathies following radiation support the rela-
tive safety and the effectiveness of our radiation schema and technique.

5. Conclusions

1. 1.Dividing SOMs in two clear groups, local and “extended” types,
according to whether there is invasion to the SOF, OA, and/or CS, is a
practical and central factor in management decisions and patient’s
outcomes. In patients with local tumors, a higher rate of GTR can be
achieved, avoiding the need for further treatment, although long-
term radiological and clinical follow-up is mandatory.

2. If sub-total resection was performed, we advise postoperative adju-
vant stereotactic radiotherapy in patients in whom there was pre-
operative clinical or radiological evidence of tumor growth. For
residual tumors with a diffuse pattern and/or located with proximity
to the optic apparatus, full FSR should be considered. However, for
residual meningiomas that are clearly defined and distant from the
optic apparatus, single fraction radiosurgery may be suitable option.

We acknowledge that a limitation of this study includes the relatively
small sample size and single center dataset, although this is offset by the
ability to compare this uniform management plan with other series.
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