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BACKGROUND Neurofibromatosis type 1 (NF-1) is a neurocutaneous autosomal dominant disorder that predisposes patients to develop intracranial
low-grade gliomas (LGGs). Most LGGs in patients with NF-1 involve the optic pathway but can arise anywhere throughout the central nervous system.
NF-1–related disseminated pediatric LGG (dPLGG) in the absence of a dominant optic pathway glioma has not been described.

OBSERVATIONS The authors discussed a case of a 10-year-old boy who presented with consideration for biopsy with nonoptic pathway PLGG with
craniospinal dPLGG in the setting of NF-1. The patient’s primary lesion, located in the right medulla, was initially treated with surveillance before
induction chemotherapy with carboplatin and vincristine was initiated. However, surveillance imaging demonstrated significant increase in size and
enhancement, and subsequent craniospinal imaging demonstrated extensive nodular dissemination in the cervicothoracic spine. A biopsy and
molecular testing were subsequently performed to further evaluate the tumor, and the patient was diagnosed with dPLGG with CDKN2A deletion.

LESSONS Thorough craniospinal magnetic resonance imaging evaluation and biopsy in nonoptic pathway–dominant brain lesions in NF-1 are
warranted in patients with atypical clinical and radiological findings in whom standard chemotherapeutic therapy fails.

https://thejns.org/doi/abs/10.3171/CASE21378

KEYWORDS neurofibromatosis type 1; non-optic glioma; disseminated pediatric low-grade glioma

Neurofibromatosis type 1 (NF-1) is a neurocutaneous autosomal
dominant disorder affecting 1 in 2,500 to 3,000 newborns, with a
wide spectrum of presentations and disease severities.1 Common
manifestations include caf�e-au-lait macules, neurofibromas (benign
tumors of the peripheral nerve sheath), iris hamartomas (Lisch nod-
ules), axillary and inguinal freckling, and skeletal deformities.2 Chil-
dren with NF-1 are prone to developing pediatric low-grade gliomas
(PLGG), most of which involve the optic pathway.3

PLGG is the most common form of pediatric brain tumor, compris-
ing nearly 40% of all cases.4 Leptomeningeal disseminated PLGG
(dPLGG) occurs in 3%–10% of cases.5 Although most often sporadic,
patients with NF-1 have been noted to have increased risk for develop-
ing dPLGG.6,7 Previously, dPLGG in NF-1 has only been reported in

the setting of a dominant optic pathway glioma. In NF-1, dominant
nonoptic pathway gliomas are uncommon, and widespread craniospi-
nal dissemination has yet to be reported.8 We present a case of non-
optic pathway PLGG with craniospinal dPLGG in a child with NF-1.

Illustrative Case
History and Examination

A 10-year-old boy adopted at age 4 received neurosurgical evalua-
tion in the winter of 2021 for consideration of biopsy of a progressively
enlarging and enhancing intrinsic lesion in the right medulla. He was
diagnosed by clinical features with NF-1 years earlier, with physical
examination findings that included a prominent left periorbital plexiform

ABBREVIATIONS dPLGG = disseminated pediatric LGG; LGG = low-grade glioma; MRI = magnetic resonance imaging; NF-1 = neurofibromatosis type 1;
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neurofibroma, multiple caf�e-au-lait spots, and axillary and inguinal
freckling. Surveillance magnetic resonance imaging (MRI) in the winter
of 2019 demonstrated a 4-mm enhancing lesion in the right medulla
but no evidence of optic pathway pathology. Across serial scans, the
medullary lesion grew over the subsequent 9 months. Despite the
patient presenting asymptomatically with the lesion, an LGG was sus-
pected. Given its growth and increased enhancement (and the morbid-
ity associated with surgery), medical management was pursued.
Induction chemotherapy was initiated in the fall of 2020 with carboplatin
and vincristine. However, after completion of the patient’s chemother-
apy course, surveillance MRI in the winter of 2021 demonstrated signif-
icant increase in size and enhancement of the medullary lesion
(Fig. 1). Despite standard chemotherapy, the paradoxical radiographic
progression raised suspicion for a more aggressive tumor biology than
originally supposed. Whole craniospinal imaging revealed likely dis-
seminated disease: extensive nodular signal abnormality and enhan-
cement along the cauda equina nerve roots and scattered linear
leptomeningeal enhancement in the cervicothoracic spine. Innumera-
ble nerve sheath tumors were also considered in the differential
but were believed to be much less likely because they are extremely
rare in cases of NF-1 compared with NF-2 and schwannomatosis.
Regardless, the unusual and aggressive behavior of the CNS lesions
warranted a pathologic diagnosis to guide optimal second-line ther-
apy and tumor control. Thus, after extensive multidisciplinary discus-
sion and careful consideration of the risks, an open brainstem biopsy
was recommended.

Operation and Pathological Examination
A right-sided far lateral craniotomy and partial C1 lateral mass

removal for open excisional biopsy of right medullary tumor with
neuromonitoring was performed. After dural opening and gentle
transposition of the vertebral artery, a peculiar sheet with a “metallic
shavings” appearance was observed along the brainstem leptome-
ninges (Fig. 2). A segment of this leptomeninges was carefully
stripped from the surface of the medulla and sent for pathologic
analysis. Neuronavigation was used to identify the site of maxi-
mal enhancement, which correlated well with the microscopic pia-
arachnoid findings. Next, a linear incision in the craniocaudal plane
was made in the dorsolateral medulla, and microinstruments were
used to carefully carve a section of abnormal tissue from the center
of the lesion. During the procedure, no changes to intraoperative
motor evoked or somatosensory evoked potentials or to brainstem
auditory evoked potentials were observed. The biopsy was uncom-
plicated, and the patient was discharged home at his neurological
baseline on the third postoperative day. Pathologic analysis of the
parenchymal sample demonstrated a low-grade pilocytic neoplasm
with CDKN2A homozygous deletion. Additional molecular studies
demonstrated wild-type status for BRAF p.V600E, IDH1 p.R132H,
ATRX, and H3 p.K27M, and absent BRAF rearrangement or tan-
dem duplication. The leptomeningeal sample illustrated melanin-
laden macrophages and neoplastic astrocytes. The patient was
diagnosed with dPLGG with CDKN2A deletion, and treatment with
temozolomide, irinotecan, and bevacizumab was initiated. At his

FIG. 1. Serial MRI of NF-1–associated dPLGG with CDKN2A mutation. All sequences are T1-weighted postgadolinium scans. A: Initial December 2019
axial image showing a circumscribed 4-mm lesion in the caudal medulla. B: Interval August 2020 axial image immediately before initiation of chemotherapy
showing growth of the lesion (7 mm). Postchemotherapy February 2021 axial (C) and sagittal (D) images demonstrating continued growth of the lesion
(10 mm) despite chemotherapy. E: Postchemotherapy February 2021 sagittal image of the lumbar spine demonstrating nodular enhancement along cauda
equina nerve roots, concerning for spinal leptomeningeal dissemination.
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6-month follow-up appointment, the patient was clinically and radio-
graphically stable.

Discussion
Observations

To our knowledge, we present the first report of dPLGG in a
patient with NF-1 without a primary optic pathway glioma. Addition-
ally, enhancing spinal leptomeningeal nodules and tumor pro-
gression on first-line therapy represent uncommon findings in
NF-1–related PLGG. Despite the elevated lifetime risk for tumors in
individuals with NF-1, current guidelines do not recommend surveil-
lance brain MRI or pathological confirmation of typical radiological
findings as part of the routine care of patients of any age who have
asymptomatic NF-1. Nonoptic pathway PLGG in patients with NF-1
is often asymptomatic and, therefore, may go undetected.8,9 When
MRI is performed, it is occasionally difficult to distinguish atypical
NF-1–related myelin vacuolization or spongiform changes from
PLGG, especially at a single time point, because of overlap in
imaging characteristics.9–11

Nonoptic pathway PLGG in NF-1 is an understudied subset. Up to
15% of all patients with NF-1 present with cerebral tumors in the first
two decades of life, most of which are low-grade pilocytic astrocyto-
mas.10,12 NF-1 has been shown to act as a positive prognostic factor
for progression-free survival in LGG.13 Specifically, NF-1–associated
brainstem gliomas have a lower frequency of progression, respond
more favorably to chemotherapy treatment, and demonstrate a more
favorable prognosis and event-free survival rate than their non–NF-
1–associated counterparts.13–16 Treatment for NF-1 LGG is multiface-
ted and hinges on both lesion location and symptomatology. Tumors
involving the optic pathway are often treated when visual function is
impaired, either through resection or chemotherapy with a regimen of
carboplatin and vincristine or vinblastine, which is considered stan-
dard of care. Less commonly, resection or debulking is warranted;
radiation is avoided because of risk of secondary tumor develop-
ment.13,17,18 However, controversy remains regarding treatment ver-
sus observation in patients with asymptomatic pediatric NF-1 LGG.
Because LGG in patients with NF-1 has been associated with sponta-
neous regression, serial observation is often preferred, and a com-
plete metastatic examination is rarely performed.19,20

As we learn more about the underpinnings of the molecular driv-
ers in LGG, the need for proper genetic characterization of these

tumors is becoming clear. LGGs in cases of NF-1 have historically
been thought to harbor a single genetic alteration. Recent studies
have shed new light and suggested that additional alterations in driver
genes can be seen, including co-occurrence of BRAF p.V600E,
FGFR1 p.N546K, and H3 p.K27M mutations.21,22 It is well known that
tumors with H3 p.K27M mutation are aggressive; however, further
study is needed to understand the clinical behavior of tumors with
additional alterations within the RAS/MAPK pathway. Low-grade lesi-
ons may also show copy number gains of TERT, in contrast to high-
grade lesions, which may show loss of CDKN2A/B or inactivation
mutations of ATRX and TP53.23 Taken together, these data suggest
that molecular analysis of tumors in cases of NF-1 (particularly those
that are located outside of the optic pathway) is crucial because it
may allow early detection of more aggressive tumors.

This illustrative case highlights the value of thorough craniospinal
MRI evaluation and biopsy in nonoptic pathway–dominant brain
lesions in patients with NF-1. Specifically, patients with progressive
enlargement and enhancement in whom standard chemotherapeutic
therapy fails should be considered at high clinical risk for unpredict-
able natural history.

Lessons
Although patients with NF-1 generally have more predictive

molecular pathology than their nonsyndromic counterparts, nonoptic
pathway–dominant suspected NF-1–associated PLGGs that pro-
gress on standard therapy should raise suspicion for unique dis-
ease patterns. There remains an important role for craniospinal
imaging in patients with nonoptic pathway lesions, noting that dis-
semination of low-grade PLGG is possible, even in the setting of
NF-1. Biopsy should be considered in cases with atypical clinical
and radiological findings because specific molecular features such
as CDKN2A deletion can be instrumental in guiding second-line
therapy and tighter radiographic follow-up.

The take-home lesson from this case is twofold. First, patients
with NF-1–associated PLGG are at risk for dissemination, just like
their non–NF-1 counterparts. Second, atypical radiographic findings
should raise the index of suspicion for atypical tumor biology. The
medullary lesion in our patient grew despite standard chemotherapy
and was noted in the setting of nonoptic pathway–associated dis-
semination. The subsequent identification of a high-risk mutation

FIG. 2. Intraoperative brainstem leptomeningeal abnormalities resembling “metallic shavings.” Pathology ultimately confirmed leptomeningeal dissemina-
tion of tumor.
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(CDKN2A deletion) should reframe the nature in which second-line
therapy is administered and warrant closer monitoring.
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