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ABSTRACT

Purpose: To report diagnostic and management challenges of a case of WHO Grade III glioma of the optic nerve
occurring in an unusually young patient with more than 7 years of survival without recurrence.

Observations: An 18-year-old woman reported rapidly progressive vision loss in the right eye in the setting of a
right optic nerve lesion, central retinal artery occlusion, central retinal vein occlusion, and neovascularization of
the optic disc. An orbital MRI with contrast demonstrated enhancement of the intraocular, intraorbital, and
intracanalicular portion of the right optic nerve. Biopsy of a portion of the intraorbital optic nerve was negative,
however, biopsy of the intracranial optic nerve confirmed WHO Grade III glioma (anaplastic astrocytoma).
Although the tumor was excised, there remained positive margins at the optic chiasm. The patient was then
managed with a combination of radiation and temozolomide. Postoperatively, the initial neovascularization of
the optic nerve that had resolved, re-emerged with gliosis. In this setting a concern for intraorbital tumor arose
and the globe was enucleated, definitively ruling out neoplasm. The patient has remained tumor free seven years
after resection.

Conclusions and importance: Malignant optic pathway glioma is rare and carries a high 5-year mortality rate.
Diagnosis can be elusive given orbital MRI with contrast often appears to be non-specific. Inflammatory changes
can be confounding such that a biopsy in the respective area will yield a negative pathologic result. Repeat
biopsy is recommended if clinical suspicion is high. Combination treatment of optic nerve tumor resection,
temozolomide and radiation has been effective in treating this patient who continues to be followed closely and
has had no clinical or radiographic evidence of recurrence in over 7 years. The re-emergence of neo-
vascularization with gliosis/fibrosis of the optic nerve, was driven by ischemia and further precipitated by ra-
diation. To our knowledge this patient represents the youngest reported case of malignant optic nerve glioma
with the longest reported survival in the literature to date (over seven years).

1. Introduction

etiology. Their clinical and radiologic features can mimic common en-
tities such as optic neuritis, neurosarcoidosis, optic neuropathy, or

Malignant optic pathway gliomas in adults were first described in
1973 by Hoyt." Since then over 70 cases have been reported in the lit-
erature.”* These tumors represent approximately one percent of all
intracranial gliomas and affect women and men in a fairly equal dis-
tribution. Mean onset is in the sixth decade of life with the youngest case
reported being age 22 years.>* Malignant optic pathway gliomas arise de
novo from astrocytes within the optic nerve, the optic chiasm, or optic
tracts and are quite challenging to diagnose and treat. Patients typically
present with rapidly progressive unilateral vision loss of unclear

retinal vascular occlusion,” further delaying diagnosis and proper
treatment of this condition. MRI findings include thickening of the optic
nerve with contrast enhancement on T1-weighted images®; however,
T2-weighted signal changes are relatively heterogeneous without a
consistent pattern. Tissue biopsy is critical to confirm the diagnosis. The
World Health Organization (WHO) classifies these malignant lesions
according to their pathologic appearance, which include anaplastic as-
trocytomas (WHO grade III) and glioblastoma multiforme (WHO grade
IV). Management includes surgical resection, chemotherapy, and
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radiation. Despite treatment, the mortality rate is extremely high with
death usually within 1 year and the longest reported survival of 20
months.>™

We share a challenging case of an 18-year-old woman who presented
with vision loss in the setting of a WHO grade III optic pathway glioma.
She remains tumor free seven years after optic nerve tumor resection,
chemotherapy, and radiation. To our knowledge this patient represents
the youngest reported case of malignant optic pathway glioma and the
longest reported survival in the literature to date.

2. Case report

An 18-year-old woman with no significant past medical history
presented to the neuro-ophthalmology clinic for a second opinion to
evaluate rapidly progressive vision loss in her right eye. Symptoms
began 3 months prior with difficulty focusing and photophobia in the
affected eye. These symptoms progressed to complete vision loss within
one month of their onset. Her cerebrospinal fluid and serologic evalu-
ation at the time was exhaustive and inconclusive. Serum Epstein Barr
IgG was elevated. Pertinent negative labs included ACE, ANA, Toxo-
plasmosis IgG, and NMO antibodies. MRI of the orbits showed
enhancement of the intraocular, intraorbital and intracanalicular right
optic nerve extending to the right chiasm without significant T2
hyperintensity (Fig. 1). She was treated with multiple courses of IV and
oral steroids without effect.

Examination confirmed NLP vision in the right eye with an amau-
rotic pupil. A pale, infiltrated, edematous right optic nerve was evident
with neovascularization of the optic disc and absence of perfusion of the
central retinal artery and vein (Fig. 2). Examination of the left eye was
normal. A right optic nerve biopsy was performed through a trans-
conjunctival orbitotomy, and pathology disclosed inflammation. Given
high suspicion for malignancy, the intracranial optic nerve was biopsied
through a superior craniotomy yielding a diagnosis of anaplastic astro-
cytoma (WHO Grade III). Globe sparing resection of the optic nerve was
then undertaken using the technique described by Shriver et al.” Tumor
was identified in the intracranial and intracanalicular portions of the
optic nerve (Fig. 3), but not intraorbital. Posterior margins at the level of
the anterior optic chiasm were positive for malignant astrocytoma.

The patient underwent chemotherapy (6 month course of temozo-
lomide) and radiation (60 Gray in 30 fractions). Serial examinations
showed regression of neovascularization of the right optic nerve at
postoperative month 3 (Fig. 4A) and postoperative month 6 (Fig. 4B)
visits and MRI confirmed absence of disease. One year after surgical
resection, the patient presented with intraocular optic nerve thickening
and new hemorrhage at the level of the intraocular optic nerve (Fig. 4C).
In light of concern for intraocular malignancy, the globe was enucleated.
Review of pathology did not reveal intraocular tumor. The fornix was
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Fig. 2. Right optic nerve upon presentation showing optic nerve edema, pallor,
neovascularization, central retinal artery occlusion and central retinal vein
occlusion, hyalinization of vessels, and cotton wool spots.

then rehabilitated with an ocular prosthesis. The patient has been fol-
lowed clinically and with serial MRIs of the orbit (Fig. 5) for seven years
without evidence of disease recurrence and with 20/20 vision and a full
field of vision in her contralateral eye.

3. Discussion

This youngest reported case of malignant optic pathway glioma with
the longest reported survival highlights unique challenges of the disease
process. In line with previously reported cases of malignant optic
pathway gliomas, this patient presented with painless, subacute, uni-
lateral vision loss, accompanied by an extensive, non-revealing serologic
work up and neuroimaging that appeared consistent with a myriad of
optic nerve pathologies, including but not limited to infectious, in-
flammatory, and neoplastic causes. Her initial treatment was also similar
to previous reports in that a presumptive inflammatory optic nerve
process was managed using steroid. Given the lack of response and
findings on the MRI, an intraorbital approach to the optic nerve biopsy
was deemed appropriate. Gross examination of the optic nerve intra-
operatively was notable for black grainy material encasing the nerve
within the optic nerve sheath, suggestive of a distant hemorrhagic event.
The biopsy of this lesion only showed mild inflammation which was
perplexing. Though a cause for a negative biopsy may result from a bi-
opsy that includes only the dural sheath, the biopsy specimen contained
optic nerve tissue. Given a raised index of suspicion, an intracranial

Fig. 1. Sequential axial T1 weighted, fat saturated MRI with gadolinium images (A-C) on presentation demonstrating enhancement of the intraocular, intraorbital

and intracanalicular right optic nerve extending toward the right chiasm.
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Fig. 3. Hematoxylin and Eosin staining of initial intraorbital optic nerve biopsy specimen (A) showing lymphocytes consistent with chronic inflammation. He-
matoxylin and Eosin staining of the intracranial optic nerve from subsequent craniotomy (B) demonstrates tumor consistent with anaplastic astrocytoma (WHO grade

III) and Ki67 staining (C) showed an index of 4-5% at the chiasmal margin.

Fig. 4. Optic nerve photos 3 months (A) and 6 months (B) after tumor resection showing regression of the neovascularization of the disc and glial fibrosis at the optic
nerve head. The photo 12 months post resection (C) demonstrates the reappearance of neovascularization at the optic nerve head with more prominent fibrosis.

Fig. 5. Post-operative sequential axial T1 weighted, fat saturated MRI with gadolinium images (A,B) showing a right orbital implant and absence of disease at the

level of the chiasm 7 years after surgical resection, chemotherapy, and radiation.

biopsy was performed allowing for the diagnosis of a WHO grade III
optic pathway glioma. Indeed, the importance of pursuing a re-biopsy
diagnosing malignant optic nerve glioma to establish a definitive diag-
nosis cannot be overemphazied.

Resection of the intraorbital, intracanalicular, and prechiasmal optic
nerve also confirmed that there was no tumor in the intraorbital portion
of the optic nerve. Intralesional hemorrhage within optic pathway gli-
omas, though rare, has been reported in WHO grade I and II lesions,®
and less so in WHO grade III and IV lesions. This is in contrast to ma-
lignant gliomas in other locations which are known to hemorrhage as
the tumors outgrow their blood supply and necrose or invade into a
vessel. An intralesional bleed within the intracranial portion of the optic
nerve, extending within the dural sheath of the intraorbital portion of
the optic nerve may explain the preoperative MRI findings (diffuse

enhancement and thickening of the optic nerve on T1 images with
gadolinium) and the clinical findings of optic nerve head thickening,
central retinal artery occlusion and central retinal vein occlusion.

Review of the permanent slides of the tumor pathology revealed
anaplastic astrocytoma (WHO grade III) with positive microscopic
margins at the posterior margins of the resection at the level of the
anterior optic chiasm. This was in contrast to the clear margins obtained
during intraoperative frozen section analysis. The Ki67 index at the
posterior margin was 4-5%, suggesting a low mitotic rate. Ki-67, a nu-
clear antigen expressed during proliferative phases of the cell cycle, is
useful in understanding the biologic behavior of tumors.'® In patients 18
years and younger with low grade gliomas, cause specific survival was
significantly higher in patients with an average Ki-67 index less than
5%."
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Until recently, the mainstay of treatment after surgical resection of
intracranial malignant gliomas is 54-60 Gray radiation to the surgical
bed. The discovery of temozolomide, an oral alkylating agent found to
have efficacy against malignant gliomas,'>'® has provided a very
effective therapy for malignant gliomas. The addition of temozolomide
to radiation further potentiates tumoricidal activity in-vitro'® leading to
increased survival in-vivo®” in patients with glioblastoma multiforme
(WHO grade IV). Two year survival rates were 26.5% in the combined
temozolomide and radiation group compared to 10.4% in the radiation
alone group.

Several considerations were taken in determining the next step in
management of our patient. Further resection would address residual
tumor but would be associated with the morbidity of repeat intracranial
surgery and the likelihood of permanent vision loss in the patient’s only
seeing eye as the resection encroaches on the optic chiasm. The low Ki-
67 index in the microscopic positive margin prompted the team to
proceed with temozolomide and radiation with plan for close
monitoring.

The patient did remarkably well after surgical excision with eventual
resolution of neovascularization at the optic nerve head at postoperative
month 6. At postoperative year 1 visit, the recurrent neovascularization
at the optic nerve head and worsening gliosis raised concern for intra-
ocular tumor involvement despite the fact that the pathology from the
previous surgical resection confirmed absence of tumor at the level of
the intraorbital optic nerve. Intraocular malignant glioma has been
described in the literature®' (albeit without pathological confirmation)
presenting with a similar appearance to our patient, including a com-
bined central retinal artery and vein occlusion with peripapillary
changes. In close consultation with the patient, enucleation was advised
given the vision was no light perception in this eye. This confirmed
absence of intraocular tumor and supported the theory that the neo-
vascularization was driven by ischemia which was further potentiated
by her recent radiation treatment.

4. Conclusions

This case affirms malignant optic pathway gliomas often masquerade
as other entities on both clinical exam and neuroimaging, making timely
diagnosis challenging. When an initial biopsy is negative, pursuit of a
repeat biopsy in a different location is prudent, particularly when clin-
ical suspicion is high. Surgical resection is best supplemented with
adjuvant chemotherapy. Temozolomide plus radiation was successful in
clearing a positive posterior margin in this particular tumor which had a
low Ki-67 index. The re-emergence of neovascularization with gliosis/
fibrosis of the optic nerve, was driven by ischemia and further precipi-
tated by radiation. To our knowledge this patient represents the youn-
gest reported case of malignant optic pathway glioma and the longest
reported survival in the literature to date (over seven years).

Patient consent

Consent to publish the case report was not obtained. This report does
not contain any personal information that could lead to the identifica-
tion of the patient.
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