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Genetic characterization of an aggressive optic nerve pilocytic glioma
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Abstract

Optic nerve glioma (ONG) is a rare, typically slow-growing WHO I grade tumor that affects the visual pathways. ONG is
most commonly seen in the pediatric population, in association with neurofibromatosis type 1 syndrome. However, sporadic
adult cases may also occur and may clinically behave more aggressively, despite benign histopathology. Genetic charac-
terization of these tumors, particularly in the adult population, is lacking. A 39-year-old female presented with 1 month of
progressive left-sided visual loss secondary to a enhancing mass along the left optic nerve sheath. Initial empiric manage-
ment with focal radiotherapy failed to prevent tumor progression, prompting open biopsy which revealed a WHO I pilocytic
astrocytoma of the optic nerve. Whole-exome sequencing of the biopsy specimen revealed somatic mutations in NF1,FGFR1
and PTPN11 that may provide actionable targets for molecularly guided therapies. Genetic characterization of ONG is lack-
ing but is needed to guide the management of these rare but complex tumors. The genomic alterations reported in this case
contributes to understanding the pathophysiology of adult sporadic ONG and may help guide future clinical prognostication

and development of targeted therapies.
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Introduction

Optic nerve glioma (ONG) is typically a slow-growing glial
tumor affecting the visual pathway. The pediatric popula-
tion is most commonly affected in association with neurofi-
bromatosis type 1 syndrome, but sporadic cases may also
occur in both children and adults. Typically, ONG is char-
acterized as World Health Organization (WHO) grade 1,
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but tumor grade may not necessarily predict clinical behav-
ior [1-3]. Treatment is usually reserved for cases in which
visual acuity is worsening or significant progressive tumor
growth is observed on serial imaging [4]. The molecular
characterization of these tumors, outside their typical asso-
ciation with neurofibromatosis type 1 syndrome, has been
poorly described but could guide treatment decision-making.
In this report, we describe an adult case of a sporadic ONG
with progressive growth despite WHO I grade. Comprehen-
sive genomic sequencing of the tumor and matching blood
was performed, providing novel genetic insight into these
rare but complex tumors and potential actionable genomic
targets for molecularly targeted therapies.

Case description

A 39-year-old woman presented with 1 month of decreased
visual acuity of the left eye (OS). Best-corrected visual acu-
ity was 20/15 in the right eye (OD) and 20/80 OS. There
was a left relative afferent pupillary defect. Fundoscopic
examination revealed temporal pallor of the left optic disc.
She reported an unspecified incidental abnormality on brain
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magnetic resonance imaging (MRI), 8 years prior. Repeat
brain MRI revealed a heterogeneously enhancing mass along
the left optic nerve sheath, suggesting optic nerve sheath
meningioma versus ONG (Fig. 1a). Family history was nota-
ble for mother, diagnosed with glioblastoma.

The patient declined biopsy because of risk of optic nerve
injury. She was empirically treated with focal radiotherapy,
50.4 Gy in 28 fractions to 95% isodose line. MRI obtained
4 months after radiation demonstrated increased tumor size
(Fig. 1b) extending to the optic chiasm, coupled with left-
sided headache and declining visual acuity to counting fin-
gers vision OS. She described inferior nasal scotoma OD
and Humphrey visual field 24-2 demonstrated mild nonspe-
cific defects OD and generalized depression OS. A left optic
nerve biopsy was performed through an eyelid-crease inci-
sion. Histopathology demonstrated WHO grade I pilocytic
astrocytoma of the optic nerve. She underwent six cycles
of adjuvant temozolomide (150-200 mg/m?x 5/28 days),

which stabilized tumor growth for over 7 months after
biopsy (Fig. 1c). Notably, chemotherapy was complicated
by SARS-CoV-2 (COVID-19) infection requiring hospitali-
zation, followed by full recovery.

Genomic analysis

Whole-exome sequencing (WES) was performed on the
biopsy in accordance with an institutional review board-
approved protocol (Table 1). Somatic mutations were iden-
tified in NF1 (NM_000267:¢.T4839G:p.Y1613X), a loss-
of-function mutation, FGFR1 (NM_023110:c.C1638G:p.
N546K), an activating mutation previously reported in glial
tumors [5], and PTPN11 (NM_001330437:c.G214A:p.
AT72T), an activating pathogenic variant on the SH2 domain
that may drive oncogenic signaling in cancers, including
gliomas [6] No large-scale somatic copy number alterations
were identified. BRAF/KIAA1549 fusion was absent by

Fig.1 Serial T1-weighted post-contrast brain MRI of the index
patient. a Initial imaging demonstrates a left optic nerve lesion that
(b) enlarged 4 months after completion of empiric radiation therapy. ¢

Surveillance imaging obtained after initiation of chemotherapy shows
stabilization of the tumor, obtained 7 months after biopsy

Table 1 Summary of key genetic alterations derived from whole-exome sequencing of the biopsied tumor specimen

Gene Chromosome Accesssion number HGVS DNA reference HGVS Variant type Cited references
protein
reference
NF1 17 NM_000267 ¢.T4839G p-Y1613X  Nonsense Loss-of-function mutation driving ONG
formation in germline affected individu-
als and defines mesenchymal subtype of
sporadic glioblastoma'”
FGFR1 8 NM_023110 ¢.C1638G p-N546K Missense Activating mutation prominent in low-grade
neuroepithelial and glioneuronal tumors?
Activating mutation common in pilocytic
astrocytoma, including pilocytic ONG, and
may predict progression of WHO grade'*
PTPN11 12 NM_001330437 c.G214A p-A72T Missense Single case of pilomyxoid ONG reported in

patient with Noonan Syndrome'®

Overexpression of PTPN11 enhances
tumorigenesis in glioma via activation of
PDGEFR signaling®
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FISH. Additional WES of germline DNA was only notable
for a somatic mutation in RYR1 (NM_000540:c.G7300A:p.
G2434R), a variant as a well-established susceptibility allele
for malignant hyperthermia (Fig. 2).

Methods
Whole exome sequencing and analysis

Genomic DNA from the tumor and blood were isolated fol-
lowed by exome capture with IDT xGen Exome Research
Panel v1 with the additional spike-ins totaling ~ 620 kb of
RefGene coding regions. The sequencing was performed
using Illumina NovaSeq6000 with 2 x 100 bp reads at Yale
Center for Genome Analysis (YCGA). Downstream analy-
sis starting from raw reads including alignment, duplicate
marking, realignment, base quality recalibration was per-
formed by following “GATK Best Practice” recommenda-
tions. Somatic single nucleotide variant (SNV), insertion/
deletions (INDEL) and copy number variations (CNV)
were calculated as reported before [7]. Mean coverage of
300 x and 133 X was achieved for tumor and blood, respec-
tively. Somatic WES analysis identified eight SN'Vs, only
three of which were previously reported to be cancer related.
No large-scale CNV events were identified.

Discussion

ONG most commonly presents as a WHO I pilocytic astro-
cytoma, diagnosed during childhood and often following a
relatively benign course [8]. While rare, malignant ONG
(WHO grade ITI-1V) is more commonly seen in adults and
behaves much more aggressively with rapid visual decline
followed by death within several months. Notably, a sub-
set of ONG, typically diagnosed in adulthood, can behave
aggressively, despite WHO grade I, as evidenced by continu-
ous tumor growth despite radiotherapy in our case patient
[1-3]. Comprehensive genetic analyses of these complicated
tumors are needed to aid with prognosis and treatment, par-
ticularly for sporadic cases of ONG which may exhibit an
unpredictable clinical course. However, few studies exist,
possibly reflecting difficulty in obtaining tissue in this ana-
tomical location [9].

WES of the index patient revealed a somatic NF1 muta-
tion, well-recognized to propagate ONG in patients with ger-
mline NF1 mutations, but with an unclear role in sporadic
ONG. Notably, this mutation was heterozygous, as no ger-
mline mutations or copy number alterations were detected to
suggest loss of the other allele. However, somatic NF1 loss-
of-function mutations are frequently reported in gliomas,
defining certain genomic subtypes [10] and heterozygous
mutations have been described as sufficient for tumorigeneis
in pre-clinical models [11, 12] and are also prevalent across
many human cancers [13]. In a study of targeted sequencing
for FGFR1 activating mutations in 108 pilocytic astrocyto-
mas, FGFR1 mutations were present in 13.9% (15/108) of
cases but notably showed a preoponderence within sporadic

Fig.2 Histopathology from the biopsied specimen. a Hematoxylin
and eosin (H&E) stained sections show a low grade glial neoplasm
with features of pilocytic astrocytoma. The tumor has a vaguely
biphasic pattern that includes denser regions and looser, myxoid and

microcystic areas. b The neoplastic cells are GFAP positive by immu-
nohistochemistry (IHC), and the Ki-67 proliferation index is 1% (not
shown). H&E image was taken at 200X magnification; GFAP IHC
image was taken at 400 X
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pilocytic astrocytomas for the optic pathway versus other
locations (6/9 vs. 9/108, respectively) [14]. As such, our
findings agree with the notion that FGFR1 mutations may
be particularly prevalent in ONG and may have important
implications for use of targeted anti-FGFR1 therapies in
these tumors that are otherwise difficult to surgically access.
Somatic mutations in PTPN11, also known as SHP-2, have
not been reported in ONG, but mutations overlapping with
the SH2 domain, as observed here, have been reported as
key tumorigenesis drivers in other gliomas through activa-
tion of the AKT/mTOR signaling pathway [6, 15]. Interest-
ingly, a germline PTPN11-mutated ONG has been reported
in a child with Noonan syndrome, characterized by germline
gain-of-function mutations in PTPN11 and increased risk of
myeloid and solid tumors [16]. Despite the family history of
glioblastoma, no obvious pathogenic germline mutation was
identified in our patient. Somatic PTPN11 mutations may
also be more tumorigenic than germline mutations, due to
greater gain-of-function [17], and is consistent with the more
aggressive clinical course of our patient’s tumor, despite
WHO I grade. Importantly, given that PTPN11 mutations
have also been reported in various oother cancers, including
breast, liver, and gastric cancers, there are ongoing efforts
to design selective pharmacologic inhibitors for targeted
therapy [18, 19].

ONG remains rare but challenging to manage. Chemo-
therapy is often utilized for progressive ONG, usually
defined as worsening visual acuity and/or significant increas-
ing size on MRI. A variety of regimens have been reported,
including temozolamide monotherapy, most of which has
been studied in the pediatric population [20-22]. Surgical
resection may be indicated in select patients but remains
controversial, given the difficulty in accessing these lesions
and proximity to nearby eloquent structures [23]. Likewise,
the role of radiation remain unclear, particularly in the pedi-
atric population where potential neurocognitive, cerebrovas-
cular, and endocrine sequelae and risk of secondary malig-
nancies exist [4]. Upfront radiation for progressive ONG in
adults, as performed for our patient, has also been described
in a handful of studies to varying degrees of success in local
tumor control [24-26]. Notably, most of the studies on treat-
ment for ONG has been in pediatric tumors, but the litera-
ture on management of sporadic adult ONG, which may
arguably behave more unpredictably, is lacking. As such,
increased molecular characterization is needed to predict
cases warranting more aggressive first-line therapies, par-
ticularly in cases of sporadic ONG diagnosed in adulthood.
This case provides unique comprehensive genomic study
and describes key genetic alterations with potential action-
able targets that may predict an aggressive clinical course
despite standard treatment. Additional studies are required
to investigate potential genomic targets for molecular-based
therapies.
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