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Objective: To evaluate long-term visual function after fractionated stereotactic radiotherapy (FSRT) for primary optic nerve sheath 
meningioma (PONSM).
Methods: This 22-year retrospective study included 34 subjects (34 affected eyes) with PONSM who were treated with FSRT exclusively. 
Subjects with a history of biopsy/resection were excluded. Visual function, including visual acuity (VA) and visual field mean deviation (VF 
MD), was evaluated at presentation (pre-radiotherapy; pre-RT) and at the final follow-up (post-radiotherapy; post-RT); treatment complications 
were also evaluated. Treatment success was defined as either stabilization or improvement of visual function.
Results: The median pre-RT VA and pre-RT VF MD were 0.70 logarithm of the minimum angle of resolution (logMAR; range: 0.0– 
2.9 logMAR) and −15.4 decibels (dB) (range: −31.4 to −3.2 dB), respectively. The median total dose of FSRT was 50 Gy (range: 45– 
54 Gy) and the median number of fractions was 25 (range: 25–30). The median follow-up interval was 89 months (range: 6–251 
months). The median post-RT VA and post-RT VF MD were 0.48 logMAR (range: 0.0–2.9 logMAR) (p = 0.010) and −6.8 dB (range: 
−20.6 to −1.6 dB) (p = 0.005), respectively. Among the 34 included eyes, VA was successfully treated in 29 eyes (85.3%) and 
worsened in 5 eyes (14.7%). Of the 14 eyes with both VA and reliable VF MD at pre-RT and post-RT time points, VF MD was 
successfully treated in 13 eyes (92.8%) and worsened in one (7.2%); overall visual function was successfully treated in 13 eyes 
(92.8%) and worsened in 1 eye (7.2%). Complications occurred in one subject (2.9%; radiation retinopathy).
Conclusion: Approximately 90% of PONSM subjects exhibited long-term treatment success in terms of VA, VF MD, and overall 
visual function after FSRT. Additionally, the incidence of complications was low. Therefore, FSRT is effective and safe treatment for 
PONSM.
Keywords: primary, optic nerve sheath meningioma, fractionated stereotactic radiotherapy, visual acuity, visual field, optic nerve 
tumor

Introduction
Primary optic nerve sheath meningioma (PONSM) is a rare benign tumor that arises from the proliferation of meningoepithelial 
cells lining the sheath of the intraorbital or intracanalicular optic nerve. In contrast, secondary optic nerve sheath meningioma 
(SONSM) arises from intracranial meningioma (eg, sphenoid wing meningioma) that extends through the optic canal and orbit to 
the optic nerve.1–3 PONSM represents approximately 10% of all optic nerve sheath meningiomas (ONSMs), 1–2% of all 
meningiomas, and 2% of all orbital tumors.4,5 The classic clinical triad of PONSM includes painless, slowly progressive 
monocular vision loss; optic nerve atrophy; and the presence of optociliary shunt vessels. Other clinical findings may also include 
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proptosis, ophthalmoplegia, and facial numbness. Clinical characteristics and magnetic resonance imaging (MRI) findings are 
usually sufficient for diagnosis of PONSM. Furthermore, biopsy is generally not recommended due to the potential of substantial 
visual loss from the procedure.1,3,6,7

Although the natural course of PONSM is benign, it can progress to irreversible blindness in 85% of untreated affected eyes.8– 

10 Surgical management is not recommended because of the high risk of blindness associated with disrupting blood flow to the 
optic nerve. In previous studies, radiotherapy (RT) has shown great potential for stabilizing or improving visual acuity (VA) in up 
to 90% of PONSM subjects.7,11,12 In current clinical practice, various RT modalities are used to treat PONSM; such modalities 
include intensity-modulated RT,13 stereotactic radiosurgery,14 proton beam therapy,15 fractionated stereotactic RT (FSRT),5 two- 
dimensional RT,16 and three-dimensional conformal RT.17 The majority of existing literatures indicate that FSRT is the treatment 
of choice for PONSM because of its high efficacy and low incidence of complications.1,10,12,18–20

There were some limitations in previous studies.1,3,5,18,19 First, they did not exclude PONSM subjects who had a history of 
tumor biopsy/resection. Second, they generally did not adequately describe the visual field (VF) programs and VF change criteria. 
Therefore, the primary goal of our study was to evaluate long-term visual function, including VA and VF, in subjects with PONSM 
who had no history of tumor biopsy/resection and were treated with FSRT exclusively.

Materials and Methods
This study followed the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of the 
Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand (IRB number: COA. MURA2022/116), 
which waived the need for written informed consent from the subjects. All data were kept confidential in our database. We 
retrospectively reviewed the electronic medical records of 34 subjects who were diagnosed with PONSM and treated with FSRT 
exclusively in Ramathibodi Hospital between January 2000 and September 2021.

Subject Selection
All subjects were diagnosed on the basis of clinical characteristics and MRI findings. Inclusion criteria were diagnosis with 
PONSM and treatment with FSRT exclusively in Ramathibodi Hospital between January 2000 and September 2021. Exclusion 
criteria were one or more of the following: SONSM defined as intracranial meningioma (eg, sphenoid wing meningioma) that 
extends through the optic canal and orbit to the optic nerve; age < 20 years at symptom onset; history of tumor biopsy/resection; 
presence of visually significant cataract and/or ocular diseases (other than PONSM) that could affect VA and/or VF.

Treatment Protocol
FSRT was performed using a two-linear accelerator (Linac)-based system, which included the frame-based Linac stereotactic 
system (X-Knife) and the Edge® Radiosurgery System. The frame-based Linac stereotactic system consisted of a 6-MV dedicated 
Linac with fixed circular cones and the X-Knife forward-planning system (versions 3 and 4; Integra Radionics Inc., Burlington, 
MA, USA). The Edge® Radiosurgery System (Varian Medical Systems, Palo Alto, CA, USA) consisted of a megavoltage Linac 
with 120 multileaf collimators. For X-Knife treatment, a bite block with a removable Gill–Thomas–Cosman (GTC) frame was 
used, while the Edge system used a thermoplastic facemask. Individual treatment planning was conducted at a workstation using 
a set of images from a computed tomography (CT) simulation scan (slice thickness of 1.25 mm), with or without gadolinium- 
enhanced MRI. Target and critical organ contouring was performed by physicians, and treatment plans were generated by 
a medical physicist. Gross tumor volume (GTV) and critical structures were contoured in each consecutive slice of CT and MRI 
scans. A margin of 0–3 mm was added to the GTV to obtain the planning target volume (PTV). The prescribed radiation dose was 
the conventional 45–54 Gy in 25–30 fractions, with five fractions applied each week.

Demographic Data, Clinical Assessment, and Radiographic Evaluation
We recorded demographic data (sex, age at symptom onset, and history of neurofibromatosis type 2 [NF2]) and clinical 
characteristics (laterality, side of affected eye, duration of symptoms, length of time from symptom onset to initiation of 
RT, and signs and symptoms at presentation).

Visual function examinations included VA and VF at presentation (pre-radiotherapy; pre-RT) and at the final follow-up (post- 
radiotherapy; post-RT). VA was measured with the Early Treatment Diabetic Retinopathy Study (ETDRS) chart. VF assessment 
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was performed using the 30–2 SITA program (Humphrey Field Analyzer, Carl-Zeiss Meditec, Dublin, CA, USA). Visual field 
mean deviation (VF MD) was used as a proxy for the degree of VF defect. Eyes with VA worse than or equal to 20/200 were not 
subjected to VF MD evaluation because poor VA may reduce the validity of such an evaluation. A reliable VF examination was 
defined as a VF examination that met all of the following conditions: VA better than 20/200, fixation losses < 20%, false negative 
errors < 33%, and false positive errors < 33%. We recorded VF MD findings only for eyes with both reliable pre-RT VF 
examination data and reliable post-RT VF examination data. Thus, the VF MD data of 14 eyes were included.

Regarding the responses to RT, improved/worsened VA was defined as a change of ≥ 2 lines in the ETDRS chart; stable VA was 
defined as a change of < 2 lines in the ETDRS chart.1,4,12,21–23 Improved/worsened VF MD was defined as a change of ≥ 3 decibels 
(dB); stable VF MD was defined as a change of < 3 dB.23 Responses to RT in terms of overall visual function are defined and 
summarized in Table 1. Treatment success was defined as either stabilization or improvement of visual function.10

The tumor control rate was defined as stable or reduced tumor size according to official radiological report at the final MRI 
follow-up.10 RT complications were graded using the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.24

Statistical Analysis
Categorical data were summarized using frequencies and percentages, then analyzed using the chi-squared test or Fisher’s exact 
test, as appropriate. Continuous data were summarized as means ± standard deviations (SDs) for normally distributed data or 
medians (ranges) for non-normally distributed data; they were analyzed using the two-sample t-test or Mann–Whitney U-test, 
depending on the distribution of the data. ETDRS VA values were converted to logarithm of the minimum angle of resolution 
(logMAR) values for statistical analysis. VA categories of counting fingers (CF), hand motion, light perception, and no light 
perception were converted to 2.6, 2.7, 2.8, and 2.9 logMAR, respectively.25,26 Spearman correlation analysis was used to evaluate 
the relationship between the change in VA (post-RT VA – pre-RT VA) (logMAR) and the change in VF MD (post-RT VF MD – 
pre-RT VF MD) (dB). Statistical analyses were performed using STATA software, version 17.0 (StataCorp LLC, College Station, 
TX, USA). p-values < 0.05 were considered statistically significant.

Results
Demographic Data and Clinical Characteristics
The demographic data and clinical characteristics are summarized in Table 2. Thirty-four affected eyes of 34 subjects 
were included in this study. Majority of subjects were women (29/34, 85.3%). The mean age at symptom onset was 46.3 

Table 1 Definitions of Responses to RT in Terms of Overall 
Visual Function

VA VF MD Overall Visual  
Function

Improved Improved

Improved*  
(treatment success)

Improved Stable

Stable Improved

Stable Stable
Stable*  

(treatment success)
Improved Worsened

Worsened Improved

Worsened Worsened

WorsenedWorsened Stable

Stable Worsened

Note: *Either improved or stable overall visual function was regarded as treat
ment success. 
Abbreviations: RT, radiotherapy; VA, visual acuity; VF MD, visual field mean 
deviation.
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± 9.8 years. The median duration of symptoms was 10.5 months (range: 0.5–120 months). The median interval from 
symptom onset to initiation of RT was 13 months (range: 0.5–121 months). None of the subject had a previous history of 
NF2 diagnosis.

All subjects had unilateral PONSM. The most common signs and symptoms at presentation were visual loss (30 subjects, 
88.2%), proptosis (16 eyes, 47.1%), ophthalmoplegia (10 eyes, 29.4%), and facial numbness (one subject, 2.9%). Regarding optic 
disc findings at presentation, a pale optic disc was most common (21 eyes, 61.8%); other findings included a swollen optic disc (10 
eyes, 29.4%) and a normal optic disc (three eyes, 8.8%). Optociliary shunt vessels were observed in nine eyes (26.5%) at 
presentation. Visual function at presentation included median pre-RT VA and pre-RT VF MD of 0.7 logMAR (range: 0.0–2.9 
logMAR) and −15.4 dB (range: −31.4 to −3.2 dB), respectively. Pre-RT VA was 20/200 or worse in 15 eyes (44.1%), while it 
ranged from 20/20 to better than 20/60 in 11 eyes (32.4%) and from 20/60 to better than 20/200 in eight eyes (23.5%).

Table 2 Demographic Data and Clinical Characteristics

Variables Values

Number of subjects 34
Number of affected eyes 34

Sex
Female, n of subjects (%) 29 (85.3%)

Age at symptom onset (years), mean ± SD 46.3 ± 9.8

History of NF2, n of subjects (%) 0 (0%)

Laterality

Unilateral, n of subjects (%) 34 (100%)

Side of affected eye

Right, n of eyes (%) 16 (47.1%)
Left, n of eyes (%) 18 (52.9%)

Duration of symptoms (months), median (range) 10.5 (0.5–120)

Time from symptom onset to initiation of RT (months), 

median (range)

13 (0.5–121)

Signs and symptoms at presentation

Visual loss, n of subjects (%) 30 (88.2%)
Optic disc findings

Swelling, n of eyes (%) 10 (29.4%)

Pale, n of eyes (%) 21 (61.8%)
Normal, n of eyes (%) 3 (8.8%)

Optociliary shunt vessels, n of eyes (%) 9 (26.5%)

Proptosis, n of eyes (%) 16 (47.1%)
Ophthalmoplegia, n of eyes (%) 10 (29.4%)

Facial numbness, n of subjects (%) 1 (2.9%)

Visual function at presentation

Pre-RT VA (logMAR), median (range) 0.70 (0.0–2.9)

Pre-RT VA category
Pre-RT VA 20/20 to better than 20/60, n of eyes (%) 11 (32.4%)

Pre-RT VA 20/60 to better than 20/200, n of eyes (%) 8 (23.5%)

Pre-RT VA 20/200 or worse, n of eyes (%) 15 (44.1%)
Pre-RT VF MD (dB), median (range) −15.4 (−31.4 to −3.2)

Abbreviations: n, number; SD, standard deviation; NF2, neurofibromatosis type 2; RT, radiotherapy; 
VA, visual acuity; logMAR, logarithm of the minimum angle of resolution; VF MD, visual field mean 
deviation; dB, decibels.
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Dose of RT and Number of Fractions
The median total dose of FSRT was 50 Gy (range: 45–54 Gy) and the median number of fractions was 25 (range: 25–30).

Long-Term Visual Function
The median visual function follow-up interval was 89 months (range: 6–251 months). The median post-RT VA and post-RT VF 
MD were 0.48 logMAR (range: 0.0–2.9 logMAR) (p = 0.010) and −6.8 dB (range: −20.6 to −1.6 dB) (p = 0.005), respectively. 
Post-RT VA ranged from 20/20 to better than 20/60 in 17 eyes (50%), and from 20/60 to better than 20/200 in four eyes (11.8%); it 
was 20/200 or worse in 13 eyes (38.2%). These post-RT VA values significantly differed from pre-RT VA values (p < 0.001). 
A strong inverse correlation was observed between the change in VA (post-RT VA – pre-RT VA) and the change in VF MD (post- 
RT VF MD – pre-RT VF MD) (r = −0.612, p = 0.020). Long-term visual function findings and comparisons of visual function 
between pre-RT and post-RT time points are summarized in Tables 3 and 4, respectively.

Responses to RT
Among the 34 included eyes, VA was considered successfully treated in 29 eyes (15 eyes were improved, 14 eyes were 
stable; 85.3%) and was considered worsened in 5 eyes (14.7%). Of the 14 eyes with both VA and reliable VF MD at pre- 
RT and post-RT time points, VF MD was considered successfully treated in 13 eyes (10 eyes were improved, 3 eyes were 
stable; 92.8%) and worsened in only one eye (7.2%). Overall visual function was considered successfully treated in 13 
eyes (10 eyes were improved, 3 eyes were stable; 92.8%) and worsened in only one eye (7.2%). Responses to RT are 
summarized in Table 5.

Table 3 Long-Term Visual Function Findings

Variables Values

Visual function follow-up interval (months), median (range) 89 (6–251)

Visual function at final follow-up
Post-RT VA (logMAR), median (range) 0.48 (0.0–2.9)

Post-RT VA category

Post-RT VA 20/20 to better than 20/60, n of eyes (%) 17 (50%)
Post-RT VA 20/60 to better than 20/200, n of eyes (%) 4 (11.8%)

Post-RT VA 20/200 or worse, n of eyes (%) 13 (38.2%)

Post-RT VF MD (dB), median (range) −6.8 (−20.6 to −1.6)

Abbreviations: RT, radiotherapy; VA, visual acuity; logMAR, logarithm of the minimum angle of 
resolution; n, number; VF MD, visual field mean deviation; dB, decibels.

Table 4 Comparisons of Visual Function Between Pre-RT and Post-RT Time Points

Visual Function Pre-RT Post-RT p-value

VA (logMAR), median (range) 0.70 (0.0–2.9) 0.48 (0.0–2.9) 0.010*

VA 20/20 to better than 20/60, n of eyes (%) 11 (32.4%) 17 (50%)

< 0.001*VA 20/60 to better than 20/200, n of eyes (%) 8 (23.5%) 4 (11.8%)

VA 20/200 or worse, n of eyes (%) 15 (44.1%) 13 (38.2%)

VF MD (dB), median (range) −15.4 (−31.4 to −3.2) −6.8 (−20.6 to −1.6) 0.005*

Note: *Statistically significant (p < 0.05). 
Abbreviations: RT, radiotherapy; VA, visual acuity; logMAR, logarithm of the minimum angle of resolution; n, number; VF MD, 
visual field mean deviation; dB, decibels.
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Tumor Control Rate
In our center, radiographic follow-up with MRI was performed annually after the completion of FSRT in subjects without 
complications. Follow-up MRI was not conducted in 5 subjects (14.7%) because their follow up duration was less than 
1 year. The remaining 29 subjects (85.3%) had a median MRI follow-up duration of 90 months (range: 13–228 months); 
their tumor control rate was 100% (Figure 1).

Table 5 Responses to RT

Visual Function Values

VA, n of eyes (%)
Treatment success 29 (85.3%)

Improved 15 (44.1%)

Stable 14 (41.2%)
Worsened 5 (14.7%)

VF MD, n of eyes/n of eyes with  

reliable examination (%)

Treatment success 13/14 (92.8%)
Improved 10/14 (71.4%)

Stable 3/14 (21.4%)

Worsened 1/14 (7.2%)

Overall visual function, n of eyes/n of eyes  

with reliable examination (%)
Treatment success 13/14 (92.8%)

Improved 10/14 (71.4%)

Stable 3/14 (21.4%)
Worsened 1/14 (7.2%)

Abbreviations: RT, radiotherapy; VA, visual acuity; n, number; VF MD, visual 
field mean deviation.

Figure 1 Fat-suppressed T1-weighted with gadolinium contrast axial MRI showing left PONSM at presentation (A) and stable tumor size at the final MRI follow-up (B). Fat- 
suppressed T1-weighted with gadolinium contrast axial MRI showing right PONSM at presentation (C) and reduced tumor size at the final MRI follow-up (D).
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RT Complications
RT complications occurred in only one subject (2.9%). A healthy 38-year-old woman who despite having a presenting 
VA of 20/20 had a VF defect before FSRT. MRI revealed involvement of the tumor in intraocular, intraorbital, and 
intracanalicular portions of the left optic nerve. The most anterior extension of the tumor was adjacent to the posterior 
margin of the globe. In total, 54 Gy of FSRT was applied in 27 fractions over 5 weeks. At the end of FSRT, the subject’s 
VA was 20/20 and the VF defect was improved. However, 24 months after the completion of FSRT, her VA had worsened 
to CF. Fundus examination revealed a pale left optic disc. While fundus fluorescein angiography (FFA) showed macular 
ischemia in the left eye, MRI showed a stable tumor size without other notable findings. The subject received intravenous 
methylprednisolone (1 g/day) for 3 days, followed by oral prednisolone for 1 month; she did not experience any 
improvement. After the exclusion of all possible causes of impaired VA, the subject was diagnosed with radiation 
retinopathy (grade 4, CTCAE version 5.0);24 her VA was CF after 251 months of follow-up.

Discussion
In this study, we retrospectively reviewed the medical records of 34 subjects with PONSM-affected eyes. We sought to 
characterize long-term visual function, including VA and VF, in subjects with PONSM who had no history of tumor 
biopsy/resection and were treated with FSRT exclusively.

In our cohort, majority of subjects were female (29/34, 85.3%) and were middle-aged at symptom onset (mean age at 
symptom onset 46.3 ± 9.8 years), similar to previous studies.5,6,9,11,12,14,15,21,27–34 Pale optic disc was the most common 
optic disc finding at presentation in our study. This common finding is presumably related to a lack of disease awareness 
among patients during the early stages of PONSM because of its benign and slow-growing nature. We also observed 
optociliary shunt vessels in nine eyes (26.5%) at presentation, which was comparable with the findings in a large review 
where optociliary shunt vessels were observed in fewer than one-third of affected eyes at presentation.20 These collateral 
vessels are not specific to PONSM; they were also reported in conditions such as SONSM, optic pathway glioma, central 
retinal vein occlusion, and chronic papilledema.35–37 Although our subjects most frequently presented with visual loss, 
nearly half and nearly one-third of the affected eyes had proptosis and ophthalmoplegia at presentation, respectively. 
These findings suggest that comprehensive ophthalmic examinations, including exophthalmometer and ocular motility 
assessments, should be conducted to establish an early and correct diagnosis in all patients who present with visual loss.

We found a significant improvement in post-RT VA, compared with pre-RT VA (median [range]: 0.48 [0.0–2.9] vs 
0.70 [0.0–2.9] logMAR, respectively; p = 0.010). This significant improvement in VA after FSRT was consistent with the 
findings in previous studies of FSRT for subjects with PONSM.1,23,38 Additionally, after FSRT, most eyes had VA 
ranging from 20/20 to better than 20/60, while most eyes had VA 20/200 or worse before FSRT (p < 0.001).

Furthermore, there was a significant improvement in post-RT VF MD, compared with pre-RT VF MD (median 
[range]: −6.8 [−20.6 to −1.6] vs −15.4 [−31.4 to −3.2] dB, respectively; p = 0.005). This finding indicates that FSRT 
improves both VA and VF MD in PONSM subjects. Moreover, we found a parallel between the extent of improvement in 
VA and the extent of improvement in VF MD, with a strong inverse correlation between the change in VA (post-RT VA – 
pre-RT VA) and the change in VF MD (post-RT VF MD – pre-RT VF MD) (Spearman r = −0.612, p = 0.020).

After FSRT, 29 of the 34 eyes (85.3%) were considered treatment success in terms of VA. This was consistent with 
the findings in previous FSRT studies, where 76.9–100% of eyes exhibited treatment success in terms of VA.4,12,21 The 
remaining 5 eyes had worsened VA; excluding the one eye that was affected by radiation retinopathy, 3 of 4 eyes (75%) 
had presenting VA of CF or worse. Thus, we speculate that poor pre-RT VA of CF or worse is associated with a worse 
response to FSRT in terms of VA. With regards to VF MD, 13 of 14 eyes (92.8%) with reliable VF examination at pre-RT 
and post-RT time points were considered treatment success after FSRT, which was comparable with the VF treatment 
success rates of 89.5–93% in previous studies.11,12

In our study, the tumor control rate was 100%. This was consistent with the findings in many previous studies, where 
the tumor control rates were 95.4–100% after FSRT.4–6,9,11,12,14,15,21,27–34 Our absolute tumor control rate indicates that 
FSRT can achieve both clinical and radiographic success in the treatment of PONSM.
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RT complications during follow-up occurred in only one subject (2.9%; radiation retinopathy). This finding was 
comparable with the results of previous studies, where radiation retinopathy occurred in 3.8–4.9% of PONSM 
subjects who were treated with FSRT.4,5,11 We hypothesized that there were two risk factors for radiation retinopathy 
in our subject: close proximity between the anterior extension of the tumor and the posterior region of the retina, 
which may have caused the retina to receive the full radiation dose;21,39,40 and a total radiation dose > 50 Gy, which 
has been reported to cause retinal damage.4,40,41 Radiation retinopathy usually develops 2–4 years after RT.11,21,39,42 

This is comparable with the timing in our subject, who exhibited radiation retinopathy 24 months after FSRT. Despite 
the rarity of radiation retinopathy, PONSM patients should be informed of this complication before FSRT is initiated.

Our study had several strengths. First, to our knowledge, this study included the largest number of PONSM subjects 
who had no history of tumor biopsy/resection and were treated with FSRT exclusively. Second, we used clear definitions 
of each response to RT in terms of VA, VF MD, and overall visual function. Finally, our follow-up interval was longer 
than the intervals used in previous studies.5,6,11,29,34

However, our study had some limitations. First, its retrospective design led to the absence of follow-up MRI data for five 
subjects (14.7%). Second, we did not evaluate other components of visual function, such as color vision or contrast sensitivity.

Conclusion
In this study, approximately 90% of PONSM subjects exhibited long-term treatment success in terms of VA, VF MD, and 
overall visual function after FSRT. Additionally, the incidence of complications was low. Therefore, FSRT is effective 
and safe treatment for PONSM.
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