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Current update on the visual
outcome of optic pathway
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neurofibromatosis type-1
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Purpose: Clinical and diagnostic evaluation in the follow-up of optic glioma
patients with neurofibromatosis type 1 (NF-1) can be difficult. Determining
whether and when to provide treatment is a significant challenge in best
managing these patients. Update on current information and future
directions in management is included in this review.
Current Practice: NF-associated optic pathway gliomas (OPGs) present a
significant management challenge with high stakes for visual outcomes.
Monitoring vision and diagnostic tests are challenging in patients of a
younger age. Regardless of whether few or many optic gliomas are
encountered during clinical practice.
Summary: This review of optic gliomas-NF1-associated gliomas includes the
current approach and knowledge of OPG-NF1 and future directions in OPG-
NF1 management. This includes the ongoing Multicenter Natural History
Study and other clinical trials and outcomes in NF-1 patients with OPG.
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Current knowledge of patients with OPG-NF1

Neurofibromatosis type 1 (NF1) is one of the most common genetic diseases

worldwide, with an incidence of approximately 1:3,500 births (1). It is autosomal

dominant, with half of the cases representing sporadic mutations (2). It is caused by a

mutation in the tumor suppressor gene of NF1. Optic pathway glioma (OPG) is the

most common orbital and intracranial manifestation of NF1, typically presenting

prior to 6 years of age, although symptomatic tumors have been reported in older

children (3). OPG-NF1 is generally benign, with approximately half to two-thirds of

OPG-NF1 patients having minimal tumor progression. One-third to half may have

significant morbidity, mainly vision loss and endocrine abnormalities (4–6). A

number of reports have included both NF1-associated OPGs and sporadic OPGs. In

contrast, sporadic OPGs (not associated with NF1) progress more frequently and have

a worse prognosis (7–9). Any portion of the anterior and posterior visual pathway,

optic nerves, chiasm, optic tract, and hypothalamus may be affected by OPG-NF1

(10–12).
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The largest multicenter retrospective study to date, based in

the United States, looking at vision after chemotherapy for NF1-

associated OPG included 115 patients (13). Our center

participated in this study. Of these 115 patients, 88 patients

and 168 eyes could be evaluated for visual acuity (VA)

outcome. It is important to note that at the completion of

chemotherapy, VA improved in 22% of eyes (32% of

subjects), remained stable in 57% of eyes (40% of subjects),

and declined in 21% of eyes (28% of subjects). Approximately

one-third of children regained some VA with treatment. In

addition, tumor location does convey outcome; the more

posterior tumors are more likely to progress. Posterior

location predisposes to worse vision outcomes with

involvement of the optic tracts/radiations with comparably

worse visual outcomes. In addition, there is a poor correlation

between radiographic and VA outcomes. Essentially, it was

shown that there was no correlation between vision

progression and tumor progression on MRI. It follows that we

need to consider both MRI and vision to determine the best

management. It is also interesting that in every study of OPG-

NF1, there are more girls than boys, and girls have more

progression.

Now, 10 years have passed since the conduct of the study

mentioned above, and a recent study that looked at a large

group of children in Portugal with OPG-NF1 produced

similar results (14) (Table 1). The primary aim of this study

was to analyze visual outcomes by comparing children who

underwent chemotherapy with those who did not receive

treatment. The association of visual outcomes with retinal

nerve fiber layer (RNFL) thickness and tumor location was

also studied. Forty-one percent received chemotherapy. In this

study, children with OPG-NF1 in the non-treated group,

when best-corrected VA at the last follow-up was measured,

73% of eyes were stable, and 27% improved. In the

chemotherapy group, 62% were stable, 13% improved, and

25% worsened. Therefore, either vision improved or was

stable in all eyes in the non-treated group and in 75% of eyes

in the chemotherapy group. Sixty-one percent of patients were

female. It may be a self-fulfilling prophecy that those

requiring chemotherapy had fewer eyes that remained stable
TABLE 1 Comparison of visual outcomes of optic pathway glioma in
neurofibromatosis treated with chemotherapy.

VA at completion of
chemotherapy

Fisher et al.a

(13)
% of eyes

José et al.
(14)

% of eyes

Improved VA 22 13

Stable VA 57 62

Worse VA 21 25

VA, visual acuity.
aDid not study non-treated eyes.
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or improved. It may be expected that patients requiring

chemotherapy would not do as well, although overall, most

patients did well. The conclusions were that children treated

with chemotherapy had worse visual outcomes, although

treatment stabilized or improved vision in 75% of patients. In

treated patients, retrochiasmatic tumors appeared to do worse.

Our group recently published a long-term follow-up study

in children with OPG-NF1, which is the longest follow-up

that we are aware of (15). We included 45 children with 10

years of follow-up or more. Previous reports of follow-up

periods have been relatively short (6–9, 16, 17). In this 10-

year or greater follow-up, in multivariate analysis, the VA and

optic nerve appearance at presentation predicted final

outcomes. All patients, except for one who was asymptomatic

at presentation and who had normal VA and normal optic

nerve appearance, went on to have good vision in both eyes.

Forty percent needed treatment, and the average time from

OPG-NF1 diagnosis to treatment was 10 months. At the end

of follow-up, almost 90% kept good vision (20/30 or better)

when both eyes were open. Moderate-to-severe impairment is

defined as 20/40 or worse in both eyes. Almost two-third kept

good vision in their worse eye. Sixty-four percent had good

VA per eye. This indicated that children with OPG-NF1 who

had a normal initial examination had excellent long-term

visual and anatomical outcomes (Table 2). The VA and

appearance of the optic nerve head at presentation predicted

long-term outcomes.
Vision screening for OPGS in NF1
patients

The findings of the above recent studies support decision-

making to minimize screening neuroimaging of asymptomatic

patients as long-term prognosis is good. Although some

authors may support early diagnosis of OPG-NF1 by

screening MRI prior to the development of symptoms to

hopefully lead to improved vision outcomes (18), others

suggest that early diagnosis of asymptomatic OPG may not

justify the adverse effects of repeated sedation for MR
TABLE 2 Visual outcomes of optic pathway glioma in
neurofibromatosis after long-term follow-up of at least 10 years (15).

VA after
long-term
follow-upa

Initial
exam % of

eyes

End of
follow-up
% of eyes

Initial
exam per
subjectb

End of
follow-up

per subjectb

Normal 65 64 87 89

Abnormal 35 36 13 11

Normal VA was considered mild to no impairment (20/20–20/30). Abnormal

VA was considered moderate-to-severe impairment (20/40 or worse).
aIncludes both treated and untreated eyes.
bBinocular vision (both eyes open).
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imaging (3, 16, 19). The OPG-NF1 task force in 1997

determined no conclusive evidence that early detection of

asymptomatic gliomas would reduce the vision loss rate (20).

In our practice, we do not perform the screening of MRIs.

Imaging with MR is performed if indicated by a reduced

vision for age, optic nerve abnormalities such as edema or

pallor, or other visual concerns.

The preferred screening eye examination protocol for

asymptomatic children with NF1 is variable to the institution.

Children with NF1 aged 6 years and under are at the greatest

risk for symptomatic OPG-NF1 (3, 16, 20–23), although de

novo symptomatic OPG-NF1 or previously known OPG-NF1

with progression may manifest in older children and during

adulthood (3, 6, 24). The American Academy of Pediatrics

recommends ophthalmic examination annually from the age

of diagnosis to under 8 years of age, followed by a complete

eye examination every 2 years (25). In our practice, we

perform yearly examinations until the age of 10 and with an

increased interval after that. Examinations should be repeated

or performed more frequently if there are any visual concerns.

VA assessment for screening examinations and optimal

follow-up of known OPG can be challenging in children. In

very young children, qualitative measures such as fix and

follow or central steady and maintenance will be assessed.

Quantitative assessment of vision in patients 6 months or

older is optimal. Teller acuity card (TAC) testing is possible

for children of 6 months and older. Matching LEA pictures or

HOTV optotypes is possible in children 3 years or older. This

is a crucial part of the examination, and having a skilled

tester is important. Deterioration in vision can be defined as a

two-line difference in VA. If the reduced vision cannot be

attributed to an anatomic problem of the eye, refractive error,

amblyopia, or lack of cooperation, then imaging or repeat

imaging with MRI is warranted.

Visual field testing is an additional visual measurement that

should be attempted in cooperative children. Basic

confrontation field testing should be performed at office

examinations using finger counting or toys as feasible. In

patients with known optic gliomas, kinetic visual field testing

is helpful. Goldman visual field kinetic testing may be

performed, as it is easy to perform for young children and is

more suitable for them, but the disadvantage of wide test–

retest variability still persists in this testing method (3). It is

important to be cautious in interpreting results and repeating

testing if changes are seen in this subjective testing method.

Ocular coherence tomography (OCT) is a newer modality

used to evaluate children with OPG. Peripapillary RNFL

thickness, as measured by OCT in children 6 years or older

with OPGs, was found to be decreased in most children who

had abnormal VA and or a visual field (VF) defect (26).

Avery et al. looked at the longitudinal changes in

circumpapillary RNFL measured by spectral-domain (SD)-

OCT in children with OPG, both with and without NF (27).
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The findings indicated a decline greater than or equal to 10%

circumpapillary RNFL thickness in one or more quadrants, or

the global average was predictive of vision loss. The absence

of decline was predictive of stable vision. Global average and

inferior quadrant were the best predictive values. It was

suggested that circumpapillary RNFL may be used as a

surrogate marker of vision and can be helpful in taking

management decisions, particularly when young children are

unable to cooperate with quantitative VA or visual field

testing. Overall, how OCT should be utilized has yet to be

fully studied. In our practice serving a large NF clinic, we

may repeat OCT in an interval of 3–6 months early on in the

course of OPG. If a decrease in OCT is seen and yet there is

no change in vision, we consider repeating OCT in 1–2

months to confirm a decrease in RNFL thickness which may

indicate progressive damage from OPG. We find it another

helpful parameter to use in monitoring OPG-NF1.
Optic pathways’ involvement of
OPG-NF1 as a prognostic factor

OPG-NF-1 may affect any portion of the visual pathway.

OPG-NF1 was bilateral in about 34.8% of patients in one

study (18). It is important to recognize that tumor location

does convey outcome, with the more posterior tumors more

likely to progress. The largest multicenter trial in the United

States to date found that tumor involvement in the optic

tracts/radiations is a consistent prognostic indicator for poor

visual outcome (13). A recent study in Portugal noted that

children in the retrochiasmatic glioma group (Dodge stage 3)

appeared to have worse visual outcomes (14). Young age and

postchiasmal involvement for OPG-NF1 are associated with a

worse visual prognosis despite treatment (4, 10, 13, 28). This

is helpful in considering the risk for progression in managing

children with OPG-NF1.
Timing and decision-making in the
treatment of OPT-NF-1

Optimal timing and treatment decisions are controversial,

and multiple factors are involved. Children with OPG-NF-1

have, overall, good visual outcomes. Children treated with

chemotherapy for OPG-NF1 experienced worse visual

outcomes, as you may expect, but it stopped the decline of

vision or improved vision in approximately 70% of patients

(13, 14). In our practice, we consider treatment for

progressive vision loss. Serial eye examinations by a skilled

practitioner measuring quantitative vision are important to

determine if two lines or more of reduction are present and/

or reproduced. Treatment consideration is indicated to

stabilize and prevent further vision loss. Improvement in
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vision may be seen in one-third or less of patients. In addition,

there is a poor correlation between radiographic and VA

outcomes. Fisher et al. showed no correlation between vision

progression and tumor progression on MRI (13). One needs

to consider both MRI and vision to determine the best

management. Progression of OPG on MRI would indicate a

need for repeat imaging and close follow-up by eye

examination. Treatment for progression on MRI may be

considered, especially with large changes and/or patients

having difficulty in obtaining a quantitative vision (TAC

testing, LEA symbols, HOTV, and Snellen). It is helpful to

consider that the posterior location of OPG may lead to

worse visual outcomes. The lack of correlation between visual

and MRI outcomes argues against using imaging response as

the main outcome of treatment success.
Future research on the management
of NF-associated OPG

Important to enhancing OPG-NF1 knowledge or to future

research is a currently ongoing prospective observational

multicenter study, “Developing Evidence-Based Criteria for

Initiating Treatment for Neurofibromatosis Type 1

Associated Optic Pathway Glioma” (ongoing and

unpublished). To gain good insight it is the power of

numbers; we are currently joining this multicenter

prospective trial in the United States that aims to recruit

250 children with NF1 and newly diagnosed OPG. There is

an observational cohort and a treatment cohort. Michael

Fisher and Robert Avery are the study chairs for this NF1-

OPG Natural History Study. The primary goal is to

determine the prognostic factors for visual outcome for

newly diagnosed OPG-NF1. Secondary goals include

determining prognostic factors for imaging progression, for

visual outcome, and for imaging outcome in the treatment

group, and assessing the correlation between visual and

imaging outcomes. Ancillary studies looking at optical

coherence tomography (OCT) and Goldman visual field in

patients in this patient population are also ongoing. This

important multicenter trial will help answer questions

surrounding the natural history of OPG-NF1.

Currently, chemotherapy is the first-line treatment modality

for OPG in most centers (3, 10, 29, 30). The combination of

vincristine and carboplatin is effective in controlling

progressive and recurrent gliomas (31, 32). Carboplatin is now

considered a standard treatment for OPG-NF1 (11).

Carboplatin hypersensitivity reaction can occur in up to 40%

of patients (33, 34). Vinblastine has been used in place of

carboplatin/vincristine in hypersensitivity reactions (33). In

some centers, it may be used as initial treatment.

Important to the future of chemotherapy treatment is a

multicenter trial looking at Selumetinib. This mitogen-
Frontiers in Surgery 04
activated extracellular signal regulated kinase (MEK) inhibitor

has been used previously in plexiform neurofibromas to

compare with standard treatment and determine visual

outcomes in patients with OPG-NF1. “A phase 3 Randomized

Study of Selumetinib Versus Carboplatin/Vincristine in Newly

Diagnosed or Previously Untreated NF1 Associated Low-

Grade Glioma (LGG)” (NCT03871257, unpublished).

Selumetinib is a mitogen-activated protein kinase 1 and 2

(MEK1/2) inhibitor, a drug that is a kinase inhibitor (blocks a

key enzyme) that OPG tumor cells need for growth. The use

of Selumetinib will compare with standard treatment

carboplatin/vincristine and determine visual outcomes.
Summary of management of NF1-
associated OPG

NF-associated OPG may present a significant management

challenge with high stakes for visual outcomes. Monitoring

vision and diagnostic tests are challenging in patients of a

younger age. Overall, most patients with OPG-NF1 have

good visual outcomes. Observation is possible in most cases

with careful monitoring of vision. If there is evidence of

progressive vision loss, it may indicate a need for

chemotherapy treatment even if MR imaging does not show

tumor progression as the two do not necessarily correlate.

MR imaging is important in monitoring tumor changes. The

newer modality of OCT is helpful in following patients and

can be an early indicator of RNFL changes that may affect

vision. Current multicenter trials will shed light on questions

and controversies about OPG-NF1 management and

treatment.
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