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OBJECTIVES: Optic nerve sheath meningioma (ONSM) is a rare benign tumour that accounts for approximately 2% of all orbital
tumours. Radiotherapy has gradually become an important treatment for ONSM because of its good effect in preserving or
improving vision. We aimed to explore the effect of radiotherapy on tumour control and vision preservation/improvement in
patients with ONSM.

METHODS: Forty-three patients with primary ONSM treated in our institution from 2015 to 2021 were enrolled. The irradiation dose
was from 50.4 to 54 Gy with 28-30 fractions. We evaluated the tumour volume on MRI or CT, and visual acuity before and after the
radiotherapy.

RESULTS: Thirty-four patients (79%) experienced a vision decrease at diagnosis. The mean duration of follow-up was 54.1 months
(ranges: 18-93, median: 56). Among 25 patients who had tumour evaluation using MRI, 16 patients (37.2%) showed stable tumours,
7 patients (16.3%) had tumour shrinkage, but 2 patients (4.7%) experienced tumour progression. Among the 39 patients performing
vision acuity evaluation, 16 patients (37.2%) had vision improvement or recovery. 16 of the 23 patients without vision improvement
demonstrated severe visual loss at diagnosis. Two patients had evidence of tumour progression during the follow-up. Additionally,
4 (10.2%) patients had dry eyes, 7 (17.9%) patients experienced watery eyes, and 3 (7.7%) patients had eye swelling. Patients with
vision loss for more than 12 months had a lower possibility of vision recovery than those with vision loss for less than 12 months.
CONCLUSIONS: Radiotherapy such as IMRT, VMAT, and 3D-CRT plays an important role in the treatment of ONSM. The probability
of vision recovery is lower in patients with severe vision loss at diagnosis or the duration of vision loss is more than 12 months.
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INTRODUCTION

Optic nerve sheath meningioma (ONSM) is a rare meningeal tumour
that accounts for approximately 2% of all orbital tumours [1]. The
mean age of presentation with ONSM is around 40 years old (42.5
for females and 36.1 for males, range 3-80), and ONSM usually
occurs in females (61%). Symptoms of ONSM include painless vision
loss, proptosis, visual field defects, afferent pupillary defects, colour
blindness, optic disc oedema, and ocular motility disorders [2, 3].
MRI is currently regarded as the gold standard for diagnosis of
ONSM, and the double-track sign is the typical characteristic [3, 4].
As the optic nerve is easily impaired by radiotherapy and surgery,
treatment of primary ONSM remains a challenge. Adeberg et al. [5]
demonstrated that up to 94% of patients had postoperative visual
loss due to the impaired vascular supply to optic nerve. Meningioma
shows characteristic indolent growth, management therefore should
be conservative in most cases. Radiotherapy is indicated in patients
with progressive visual deterioration [6]. Radiation therapy is a non-
invasive alternative to surgery and is proved to be highly effective in
tumour control for ONSM [7]. New radiation therapies such as
spatially-fractionated  radiation  therapy  (SFRT), volumetric-
modulated arc therapy (VMAT), intensity-modulated radiation
therapy (IMRT), stereotactic radiosurgery (SRS), and proton-beam
therapy (PBT) have fewer complications compared to the two-

dimensional radiation therapy (2D-RT) and three-dimensional
conformal radiation therapy (3D-CRT) [8, 9]. Increasing studies have
recommended radiotherapy as the first-line therapy for ONSM
regardless of initial clinical symptoms [10]. SFRT, VMAT, IMRT, SRS,
and PBT have identical treatment outcomes in tumour control and
visual acuity preservation with no significant differences in
complication rates and can be recommended for clinical practice
[4, 7]. There are few reports on vision recovery and its impact factor
after radiotherapy in ONSM. Hence, we conducted a retrospective
study of the efficacy of radiation therapy in patients with ONSM, and
the factors related to visual acuity improvement were explored.

METHOD AND MATERIALS

Patient selection

Forty-three patients with ONSM who underwent radiotherapy
were enrolled in this study at Eye & ENT Hospital, Fudan
University, between 2015 and 2021. Magnetic resonance is an
excellent diagnostic criterion for ONSM, and we use different
sequences to differentiate ONSM from inflammation of the optic
nerve. ONSM shows isointense on flat scans of MRI and high signal
on enhancement, whereas some inflammatory diseases often do
not have a difference in the signal before and after enhancement.
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On the other hand, the clinical presentation of the two diseases is
different. Inflammatory diseases often show ocular pain, and the
signs and symptoms will ebb and flow over time. However,
patients with ONSM do not show inflammation-related symptoms.
Patients who previously received ocular radiotherapy were
excluded. The diagnosis of ONSM was based on the characteristic
clinical symptoms and typical findings on MRI by the experienced
ophthalmologists, radiation oncologists, and radiologists at our
institution. Patient characteristics, including age, sex, tumour
volume, vision acuity, imaging finding, and radiotherapy informa-
tion, were collected retrospectively from patients’ records. This
study received ethical approval from the Ethical Committee of the
Eye & ENT Hospital, Fudan University. Informed consent was
waived for the nature of the retrospective study.

Treatment

All the patients received radiotherapy alone. Radiotherapy was
applied with IMRT, 3D-CRT, or VMAT. 3D-CRT refers to the
adjustment of the three-dimensional shape of the radiation beam
by certain means (e.g. lead block used during treatment), so that it
conforms to the shape of the target area of disease. IMRT is a
development of the 3D-CRT, which enables dose intensity
adjustment within the irradiation field. VMAT is an advanced
IMRT technique that can shorten the treatment time to 2-6 min.
Patients were simulated in the supine position and immobilised
with a thermoplastic mask. Computed tomography (CT) images
were acquired with a slice thickness of 1.25 mm. Gross tumour
volume (GTV) was defined as the visible tumour on diagnostic MRI
or CT. Organs at risk were also contoured. The tumour volumes
before and after treatment were measured on the treatment
planning system. The tumour volume change was evaluated as far
as possible.

Follow-up

Visual acuity, visual field, and optic disc findings were assessed
before and after radiotherapy. Visual acuity worse than 6/12-6/18
was defined as mild visual loss, worse than 6/18-6/60 was defined
as moderate visual loss, and 6/60 to 3/60 was defined as severe
visual loss [11, 12]. According to the International Classification of
Diseases, vision greater than 0.8 is defined as normal vision,
0.79-0.32 is mild vision loss, and 0.1-0.05 is severe vision loss. The
ocular and systemic complications were also evaluated during
and after treatment. In addition, the subjective visual assessment
by the patients was also recorded. The tumour volume was
calculated before and after radiotherapy. Assessment using CT
and/or MRI was routinely performed at three months after
treatment. For patients who cannot be assessed by MRI, they
were assessed by CT images before and after radiotherapy on the
radiotherapy treatment planning system. Patients were followed
up every 6 months for the first 2 years and every 12 months after
radiotherapy. Up to now, all the patients have a follow-up of
1-2 years.

Statistical analysis

The results of the study were analysed using SPSS. A comparison
of tumour volume between pre-treatment and post-treatment
was performed using the paired t-test. Subgroup analyses were
performed using logistic regression analysis to assess the effect of
gender, age, duration of symptoms, tumour volume, and severe
visual impairment. Progression-free survival (PFS) rate was
estimated using the Kaplan—Meier analysis. P <0.05 was consid-
ered significant.

RESULTS

Patient characteristics

Patient information and tumour characteristics were presented in
Table 1. The median age of the patients was 48 years (range 15-64
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Table 1. Patient characteristics.
Variable N %
Age (years)
Median 48.0
Average 453
Gender
Male 10 233
Female 33 76.7
Symptoms
Decreased Visual acuity 34 79.1
Eyelids Swelling 7 16.3
Visual field impairment 1 23
Proptosis 6 14.0
Epiphora 1 23
Irritation/pain 2 4.7
Signs
Mass 4 9.3
Limited mobility 2 4.7
Proptosis 26 60.5
Duration time (months)
<12 32 744
>12 1 25.6
RT technique
3D-CRT 15 349
IMRT 19 44.2
VMAT 9 20.9

3D-CRT three-dimensional conformal radiation therapy, IMRT intensity-
modulated radiotherapy, VMAT volumetric-modulated arc therapy.

years), and the mean age was 45.3 years. Among them, ten were
male and 33 were female, with a female-to-male ratio of 3.3.
Eleven patients (25.6%) received treatment at the time for more
than 12 months after the symptom occurrence, while the other 32
(74.4%) were treated within 12 months. Proptosis was found in 26
(60.5%) patients, 2(4.7%) had eyeball mobility limitation, and 34
(79.1%) had decreased visual acuity. Swelling (16.3%), visual field
impairment (2.3%), epiphora (2.3%), and pain (4.7%) were
presented as initial symptoms at diagnosis. The typical image
characteristics of primary ONSM were shown in Supplementary
Fig. 1.

Radiotherapy treatment

Fifteen (34.9%) patients underwent 3D-CRT, 19 (44.2%) had IMRT,
and 9 (20.9%) received VMAT (Fig. 1). A total dose of 50.4-54 Gy
was delivered to the primary tumour with 1.8 Gy/fraction. The
average dose to the ipsilateral optic nerve, optic chiasm, cornea,
lens, and the eyeball was 5067.3 + 996.2 cGy, 3199.9 + 857.5 cGy,
1243.2+717.1cGy, 1675.1£959.4cGy, and 2963.7 +995.8 cGy,
respectively (Supplementary Table 1).

Tumour volume change assessment

Only 25 patients performed MRI examinations both before and
after radiotherapy. The MRI analysis showed that 7 patients
(16.3%) had significant tumour regression after radiotherapy and
2 typical patients were shown in Supplementary Figure 2, while
16 (37.2%) were with stable diseases, and 2 (4.7%) had tumour
progression after treatment (Table 2). We calculated the tumour
volume on the patient’s anterior and posterior CT on Treatment
Planning System (TPS), and the average tumour volume
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Fig. 1 Dose distribution of radiation therapy (IMRT) for optic nerve sheath meningioma. Axial (A), (B), sagittal (C), and coronal (D) showed
the dose distribution of radiation therapy. E presented the dose-volume histogram of the tumour and several vital organs at risk.

decreased significantly from 2.33 cubic centimetres (cc) before
radiotherapy to 1.77cc after radiotherapy (p = 0.044).

Vision recovery

Among thirty-nine patients who performed visual acuity assess-
ment, 23 patients (53.5%) had no improvement in vision, and 16
patients (47.2%) had improved or recovered vision. The relation-
ship between visual acuity recovery and gender, age, duration
time, tumour volume, and vision loss degree was analysed in all

Eye (2024) 38:89-94

patients by logistics regression. Patients with a duration of fewer
than 12 months between symptom onset and receiving treat-
ment had a significantly higher probability of visual recovery than
those with more than 12 months (odds ratio = 4.13, 95%
confidence interval = 1.06-6.10, p = 0.04). The severe visual loss
at the time of treatment was also an important factor affecting
whether the visual acuity could be improved after treatment
(odds ratio = 4.73, 95% confidence interval = 1.06-21.15,
p =0.04) (Fig. 2).
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Treatment efficacy

Two patients experienced tumour progression at 3 and 6 months
after radiotherapy, respectively. No patients underwent orbit
exenteration. No patient developed a second tumour in the brain
or head and neck during the follow-up period. During the follow-
up, 4 patients can not be accessed, 4 patients experienced dry
eyes, 7 patients had watery eyes, and 3 patients experienced
swollen eyes.1, 3, and 5-year overall survival rates were all 100%.
The estimated PFS rates at 3, 6, 12, and 60 months after
radiotherapy was 97.4%, 94.9%, 94.9%, and 94.9%, respectively
(Fig. 3).

DISCUSSION

Although ONSM is not a malignant tumour, it can lead to vision
loss and blindness [10, 13]. Because the ONSM surrounds the optic
nerve, tumour resection is nearly impossible without significant
vision loss [14]. Due to the high incidence of vision loss and
frequent tumour recurrence, recent reports have not yet shown
any advantage of surgery over other treatment options. Radio-
therapy is an important treatment modality for the treatment of
ONSM, and there is no significant difference in the prognosis with
different radiotherapy techniques [12, 15]. However, what is the
relationship between radiotherapy and the recovery or

improvement of vision and how to grasp the optimal time of
treatment to help patients achieve a higher quality of life needs to
be considered [10, 16]. Literature indicates that a 54 Gy radiation
dose can improve or restore visual acuity in ONSM. According to a
study by Ravi Pandit et al. [17], 69% of patients had stable visual
performance after radiotherapy. In our study, 53.5% of patients
had stable visual acuity. In contrast to the common result of no
vision improvement after radiotherapy [12], 37.2% of the cohort
conferred with visual acuity improvement from radiotherapy. We
further investigated the factors that impact vision recovery and
found that patients who had severe visual loss at diagnosis and
who (11/43) endured more than 12 months had less recovery
possibility. Hence, it is more likely to improve vision for patients
without severe vision loss and timely treatment. High-precision
radiotherapies of ONSM must take into account planning goals as
well as the preservation of organs at risk [15, 18]. The local control
rate is quite good, with the usual radiation dose of 50.4-54.0 Gy
[19]. In our cohort, we achieved a 94.9% 5-year local control rate,
which is consistent with another study of 90-100% radiological
control rate [6]. Although there were no statistically significant
differences in visual outcomes between the different radiotherapy
technique groups [20, 21], IMRT and VMAT were recommended
for greater precision to avoid damaging normal tissue with
excessive doses that 3D-CRT [22].

Limitations of this study included its retrospective nature and
some missing outcome data such as colour vision, visual fields, and
MRI examination. We retrospectively analysed the efficacy of
radiotherapy in a limited number of cases in a single study centre.
Due to the length of the follow-up period, the time to assess the
final visual function was different in each case. Second, late
complications of radiation therapy have not been evaluated due to
the short observation period. In further studies, we will continue to
follow these cases and evaluate visual function and complications
after long-term treatment. Additionally, while the diagnosis of
ONSM largely depends on clinical and imaging examinations, most
cases lack tissue diagnosis, which increases the little but important
possibility of alternative diagnoses that may mimic ONSM (e.g.,
idiopathic orbital inflammation, sarcoma). What's more, the risk of
serious post-treatment complications is considered low. A longer
follow-up is required to fully assess the risk of complications and the
durability of response to treatment.

95% ClI p

Table 2. Visual and MRI outcomes after radiotherapy.
Characteristic Number Percentage
Visual acuity
Stable 23 53.5%
Improved 16 37.2%
N/A 4 9.3%
Imaging performance
Stable 16 37.2%
Shrink 16.3%
Progression 2 4.7%
N/A 18 41.9%
N/A not available.
Subgroup
Gender @ e |
male :
Female :
Age e 1
<48y :
248 y
Duration Time loeeeeee @-oooooeeneeee
<12m
212 m .
Tumor Volume i+ @ -remessmemscmansecens
<3.0cm? :
23.0 cm?®
Severe Vision Lossi---------- L
No :
Yes

0.83 (0.17-4.11) 0.82

1.82 (0.50-6.68) 0-37

4.13 (1.06-6.10) 0.04

______________ {

2.14 (0.30-15.36) 0.45

4.73 (1.06-21.15) 0.04
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Fig. 2 Factors associated with improved vision. Degree of association between visual acuity improvement and related factors, 95%

confidence interval.
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Fig. 3 Kaplan-Meier curve of the progression-free survival.
Patients at risk after 3, 6, 12, and 69 months after RT were 97.4%,
94.9%, 94.9%, and 94.9%, respectively.

CONCLUSION

Radiation therapy such as VMAT, IMRT and 3D-CRT is one of the
important treatments for ONSM. The visual acuity improvement of
patients after treatment was related to the severity of visual
impairment and the duration of symptoms before treatment. The
better the patient’s visual acuity before treatment, the better or
even restore the original vision after treatment. Patients whose
symptoms persisted for less than 12 months had a higher chance
of improving or recovering their vision after radiation therapy than
those with more than 12 months.

SUMMARY

What was known before

® Optic nerve sheath meningioma (ONSM) is a rare meningeal
tumour.

® Radiation therapy is a non-invasive alternative to surgery and
is proved to be highly effective in tumour control for ONSM.

What this study adds

® Radiotherapy could play an important role in decreasing the
tumour volume and improving the vision for ONSM.

® The probability of vision recovery is lower in patients with
severe vision loss.

® The probability of vision recovery is higher in patients with a
duration of fewer than 12 months.

DATA AVAILABILITY
The datasets used and analysed during the current study are available from the
corresponding author upon reasonable request.
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