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ABSTRACT

SUMMARY: The olfactory bulbs and tracts are central nervous system white matter tracts maintained by central neuroglia.
Although rare, gliomas can originate from and progress to involve the olfactory apparatus. Through a Health Insurance Portability
and Accountability Act–compliant retrospective review of the institutional teaching files and brain MR imaging reports spanning
10 years, we identified 12 cases of gliomas involving the olfactory bulbs and tracts, including 6 cases of glioblastoma, 2 cases of ana-
plastic oligodendroglioma, and 1 case each of pilocytic astrocytoma, diffuse (grade II) astrocytoma, anaplastic astrocytoma (grade
III), and diffuse midline glioma. All except the pilocytic astrocytoma occurred in patients with known primary glial tumors else-
where. Imaging findings of olfactory tumor involvement ranged from well-demarcated enhancing masses to ill-defined enhancing
infiltrative lesions to nonenhancing masslike FLAIR signal abnormality within the olfactory tracts. Familiarity with the imaging find-
ings of glioma involvement of the olfactory nerves is important for timely diagnosis and treatment of recurrent gliomas and to dis-
tinguish them from other disease processes.

ABBREVIATIONS: GBM ¼ glioblastoma multiforme; TMZ ¼ temozolomide; EGFR ¼ epidermal growth factor receptor; IDH1 ¼ Isocitrate dehydrogenase 1;
MGMT ¼ O6-methylguanine methyltransferase

The olfactory bulbs and tracts are central nervous system white
matter tracts extending directly to the cerebrum, maintained

by a combination of specialized olfactory ensheathing cells and
central neuroglia, including astrocytes and oligodendrocytes.1 As
a result, gliomas can rarely originate from and progress to involve
the olfactory apparatus. Relatively common neoplasms that
involve the olfactory grooves include meningiomas arising from
the anterior cranial fossa dura and sinonasal malignancies
extending intracranially such as squamous cell carcinoma and
esthesioneuroblastoma.2 These entities have characteristic imag-
ing findings, and the purpose of this article is to characterize the
range of imaging findings of gliomas that affect the olfactory

bulbs and tracts and to differentiate them from other masses of
the anterior cranial fossa.

Case Series
A Health Insurance Portability and Accountability Act–compli-
ant retrospective search through University of California San
Francisco radiology institutional teaching files and radiology
reports for patients with olfactory masses was conducted, with an
inclusion criterion of a known history of glioma or pathologically
proved glial neoplastic involvement of the olfactory nerve.
Twelve patients (3 women and 9 men) were identified with glial
masses involving the olfactory bulbs. Patient ages ranged from 10
to 74 years (On-line Table). A single case of primary pilocytic
astrocytoma originating from the olfactory bulb was identified.
The remaining 11 patients had known pre-existing glial tumors
elsewhere, with multicentric or progressive involvement of the ol-
factory bulb/tract. There were 6 cases of glioblastomas, 2 cases of
anaplastic oligodendrogliomas, and 1 case each of diffuse astrocy-
toma, anaplastic astrocytoma, and diffuse midline glioma.

Case 1. A 27-year-old man presented with mild hyperprolactine-
mia and underwent a dedicated pituitary and sella protocol MR
imaging, on which a well-circumscribed uniformly enhancing
mass was seen to arise from the left olfactory groove, with mild
surrounding dural thickening and enhancement (Fig 1). There
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was no tumor extension through the cribriform plate, and no
other intracranial lesions were identified on follow-up brain
imaging. On further questioning, the patient revealed partial
anosmia. The radiology interpretation favored a diagnosis of me-
ningioma, and the operative note even indicated a dural tail asso-
ciated with the mass, which was inseparable from the left
olfactory nerve. The final pathologic diagnosis yielded pilocytic
astrocytoma, World Health Organization grade I.

Case 2. A 51-year-old man with a history of left frontal lobe grade
II astrocytoma treated 12 years prior by surgical resection and
temozolomide (TMZ) was found to have nonenhancing masslike
T2-weighted/FLAIR signal abnormality in the olfactory nerve ip-
silateral to his original tumor, concerning for slowly progressive
recurrence.

Case 3. A 46-year-old woman was originally diagnosed with
grade III diffuse anaplastic oligodendroglioma of the left inferior
frontal lobe, treated with resection and chemoradiation. She pre-
sented to our institution 8 years after the initial treatment for con-
tinued follow-up. During the subsequent 8 years, the tumor
demonstrated subtle and slow progression during multiple
examinations, as manifested by progressive nonenhancing mass-
like FLAIR signal abnormality involving the left anterior perfo-
rated substance and olfactory nerve (Fig 2).

Case 4. A 53-year-old male patient with a right temporal anaplas-
tic oligodendroglioma had undergone subtotal resection 7 years
prior followed by chemoradiation. He demonstrated slowly pro-
gressive bulky nonenhancing disease involving the olfactory cor-
tex and olfactory bulb (Fig 3).

Case 5. A 10-year-old boy presented for continued management
of his orbital rhabdomyosarcoma, originally diagnosed and
treated 8 years prior. On his initial (pretreatment) imaging, a
right anterior temporal mass was also identified. On further
work-up and biopsy, this tumor was found to represent a grade
III anaplastic astrocytoma. Abnormal nonenhancing nodular T2
hyperintensity was present along the olfactory nerve, though
there was no definite involvement of the ipsilateral olfactory cor-
tex (Fig 4). Signal abnormality was also seen in the bilateral inter-
nal auditory canals and along the expected course of the left
abducens nerve, likely due to leptomeningeal disease spread.

Case 6. A 15-year-old male patient presented with diffuse midline
glioma diagnosed 2 years prior, when he underwent treatment
with chemoradiation. One year after the diagnosis, additional
treatment was required with radiation, nivolumab, and bevacizu-
mab. Imaging demonstrated diffuse nonenhancing T2/FLAIR
signal abnormality of the bilateral frontotemporal lobes and ol-
factory nerves (Fig 5).

Case 7. A 61-year-old woman originally
presented with a right temporal lobe mass
diagnosed as Isocitrate dehydrogenase 1
(IDH1) R132H wild-type, epidermal
growth factor receptor (EGFR)-ampli-
fied, O6-methylguanine methyltransfer-
ase (MGMT) unmethylated glioblastoma
multiforme (GBM), which underwent
partial resection, radiation, and TMZ
therapy. A year later, there was a new
nodular enhancingmass within the surgi-
cal bed compatible with disease progres-
sion. The contralateral olfactory nerve
also demonstrated progressive masslike
FLAIR signal abnormality as well as
enhancement, compatible with multicen-
tric disease recurrence and progression.

FIG 1. A 27-year-old man with mild hyperprolactinemia (case 1). Sagittal FIESTA (A) demonstrates
a T2 hyperintense apparent extra-axial mass (arrowhead) within the left anterior cranial fossa. On
the sagittal postcontrast T1-weighted image (B), the mass has uniform enhancement with a subtle
adjacent dural tail (arrowhead). On imaging, this was believed to be a meningioma, but at resec-
tion, it was determined to be a pilocytic astrocytoma.

FIG 2. A 46-year-old woman with left inferior frontal grade III diffuse anaplastic oligodendroglioma previously treated with resection and che-
moradiation (case 3). Axial and coronal FLAIR images obtained 8 years after the initial treatment (A) demonstrate a left temporal resection cavity
(asterisk) and unchanged FLAIR signal in the left frontal lobe (arrow). There is subtle nodular FLAIR signal abnormality (arrowheads) of the left ol-
factory bulb. Axial and coronal FLAIR images obtained 16 years after the initial treatment (B) show minimal change around the resection cavity
(asterisk) but progressive enlargement of the hyperintense left olfactory bulb (arrowheads).
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Case 8. A 69-year-old woman presented with a large left frontal
IDH1 R132H wild-type, MGMT-unmethylated, and EGFR-
unamplified GBM with sarcomatous features. She underwent
radiation therapy with concurrent TMZ. When the tumor pro-
gressed, she underwent adjuvant TMZ followed by a MEDI4736
vaccine trial and bevacizumab. A nodular enhancing mass devel-
oped in the left olfactory groove during treatment, inseparable
from the olfactory nerve.

Case 9. A 74-year-old man presented with a right frontal GBM,
which did not involve the olfactory cortex. He was then found to
have an enhancing nodular mass involving the contralateral ol-
factory nerve compatible with progressive disease.

Case 10. A 37-year-old man presented with a nonenhancing left ol-
factory nerve mass and a history of GBM centered in the right

frontal operculum, resected 4years prior
(Fig 6). The mass was resected and was
demonstrated to be glioblastoma.

Case 11. A 36-year-old man with an
IDH1 wild-type, p53-positive, phospha-
tase and tensin homolog–intact, EGFR-
negative GBM centered in the corpus
callosum underwent treatment with
radiation and TMZ. One year later, he
presented with abnormal enlargement
and patchy enhancement in the left ol-
factory nerve accompanied by extensive
masslike FLAIR signal abnormality in
the ipsilateral olfactory cortex. There
was progressive worsening of the mass-
like signal abnormality and enhance-
ment within the left olfactory nerve
during studies spanning the next 3
months (Fig 7).

Case 12. A 31-year-old man was origi-
nally diagnosed with right frontal lobe
grade III anaplastic astrocytoma 6 years
prior. On presentation to our institution,
the tumor had undergone transform-
ation to an IDH1-mutant, EGFR-negative,
MGMT-methylated GBM, which was
1p19q-codeleted. There was bulky nonen-
hancing signal abnormality in the right
gyrus rectus, orbitofrontal gyrus, anterior
temporal lobe, and olfactory nerve, com-
patible with progressive disease involve-
ment (Fig 8).

DISCUSSION
The first cranial nerve (CN I), also
known as the olfactory nerve, is a
purely sensory nerve that supplies the
sensation of smell via specialized ol-

factory sensory neurons that arise from the nasal mucosa of the
superior nasal cavity. Extending through the cribriform plate,
small fibers of unmyelinated bipolar olfactory nerve cells synapse
with secondary mitral and tufted neurons in the olfactory bulbs.
Also known as projection neurons, these mitral and tufted neu-
rons form myelinated olfactory tracts that lie within the bony ol-
factory sulcus and groove in the medial-most portions of the
floor of the anterior cranial fossa. The olfactory tracts directly
project to the olfactory cortices bilaterally, which include the pos-
terior orbitofrontal gyrus, amygdala, and uncus, where the sensa-
tion of smell is synthesized and processed.3,4

Our study of 12 patients with glioma involving the olfactory
bulbs and tracts highlights an uncommon-but-clinically impor-
tant phenomenon. All except 1 of the cases represented secondary
involvement through direct infiltration of tumor or multifocal/
multicentric disease in patients with known glioma diagnoses,
including anaplastic oligodendroglioma, diffuse and anaplastic

FIG 3. A 53-year-old man with a right temporal anaplastic oligodendroglioma previously treated
with subtotal resection and chemoradiation (case 4). Axial FLAIR image (A) obtained 7 years after
the initial treatment demonstrates masslike FLAIR signal abnormality within the right olfactory
cortex as well as the right olfactory tract and bulb (arrowhead), compatible with oligodendro-
glioma involvement. Coronal FLAIR image (B) obtained at the same time illustrates an asymmetric
masslike FLAIR signal abnormality within the right olfactory tract and bulb (arrowhead), while the
contralateral olfactory bulb remains normal in caliber.

FIG 4. A 10-year-old boy with right anterior temporal grade III anaplastic astrocytoma detected
8 years prior (case 5). Coronal FLAIR image (A) demonstrates a nonenhancing masslike signal ab-
normality within the right olfactory tract (arrowhead), while an axial FLAIR image (B) obtained at
the same time demonstrates a nonenhancing masslike signal abnormality within the left internal
auditory canal (arrowhead) as well as in the prepontine cistern, along the presumed location of
the left abducens nerve/CN VI (arrow). Combined, findings are compatible with leptomeningeal
disease spread involving multiple cranial nerves.
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astrocytomas, diffuse midline glioma, and GBM. None of the
gliomas in our series demonstrated osseous destruction, exten-
sion through the skull base, or involvement of the olfactory
recess. The lack of these features distinguishes these tumors
radiographically from other aggressive lesions common to this
site, including enthesioneuroblastoma, aggressive primary osse-
ous lesions, and intracranial extension of primary head and neck
neoplasms, such as squamous cell carcinoma.5,6

In all patients with GBM, olfactory bulb and tract involvement
represented progression of previously treated disease elsewhere in

the cerebrum. In 3 cases, the olfactory
nerve affected was located contralateral
to the site of the originally treated tu-
mor, compatible with the underlying
multifocal/infiltrative nature of GBM.
From animal studies, there is evidence
that GBM cancer-initiating cells may
have special affinity for the subventric-
ular zones and olfactory bulbs, mimick-
ing the behavior or neural stem cells.7

This mechanism potentially explains
the tropism for the olfactory system
that is demonstrated by progressive
gliomas in our series.

Typically, the imaging characteris-
tics of progressive olfactory tract
involvement mirrored those of the
pre-existing glial tumor. In our series,
4 of the 6 patients with GBM had
enhancing disease involving the olfac-
tory bulb, while 2 patients had nonen-

hancing infiltrative lesions. For 4 of the 6 patients, the IDH1
genotyping was available. Of these patients, 1 patient with sec-
ondary IDH1-mutant disease demonstrated nonenhancing
involvement of the olfactory nerve, while 3 patients with IDH1
wild-type disease all demonstrated enhancing tumor along the
olfactory nerve. These findings are compatible with the most
common MR imaging appearance of IDH1 wild-type versus
mutant GBMs.8

In 1 case with a pre-existing glial tumor, there was widespread
intracranial disease, including involvement of multiple cranial
nerves, raising suspicion for leptomeningeal spread of disease,
which resulted in the signal abnormality involving the olfactory
nerve. However, in 6 of the remaining 10 progressive cases, there
was concurrent or prior involvement of ipsilateral olfactory cor-
tex by tumor, supporting the hypothesis of direct tumor progres-
sion through parenchymal glial tracts.

The sole case of primary glioma arising from the olfactory
bulbs in our series was a pilocytic astrocytoma, which mim-
icked a meningioma on imaging as well as during surgical
resection. While often seen in the setting of meningiomas,
dural enhancement and thickening (also known as the dural
tail sign) are nonspecific and have been reported with a variety
of peripherally located parenchymal lesions.9 More specifically,
supratentorial pilocytic astrocytomas adjacent to the cerebral
convexity and anterior clinoid process have been reported to
mimic meningiomas.10,11

To our knowledge, this is the first time that a primary glial
neoplasm has been reported to arise from the olfactory tract.
Although a case report has previously reported olfactory groove
involvement by a large pleomorphic xanthoastrocytoma, it is
unclear whether the lesion originated from the inferior frontal
lobe parenchyma or olfactory tracts on the basis of imaging and
intraoperative findings.12 Primary ganglioglioma, which contains
both glial and neuronal cells, has previously been reported to involve
the olfactory cortex and olfactory nerve.13 Primary tumors arising from
olfactory ensheathing cells have also been previously described.14 These

FIG 5. A 15-year-old boy presenting for follow-up of diffuse midline glioma initially diagnosed 2
years earlier and treated with chemoradiation (case 6). An axial FLAIR image (A) demonstrates
nonenhancing T2/FLAIR signal abnormality of the bilateral olfactory nerves (arrowheads) and left
dorsal pons (arrow), as well as cortical thickening and signal abnormality in the left anterior tem-
poral lobe. Coronal FLAIR image (B) illustrates thickening and FLAIR signal abnormality involving
the bilateral olfactory nerves (arrowheads) as well as multiple cortical areas in the bilateral frontal
lobes (arrows). Findings are compatible with multifocal glioma involvement.

FIG 6. A 37-year-old man with a history of right frontal operculum
GBM resected 4 years prior (case 10). Coronal FLAIR image demon-
strates masslike FLAIR signal abnormality in the left olfactory nerve
and surrounding left inferior frontal lobe (arrowhead), pathologically
proved to reflect disease recurrence on resection.
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tumors can histologically resemble olfactory groove schwannomas,
which are entities of unclear origin because Schwann cells are not found
in the olfactory system, though various developmental and nondevelop-
mental theories have been proposed to explain the origin of these
tumors.15-17 These lesions can all appear similar radiologically as
enhancing olfactory groove masses, which may remodel but not erode
the skull base.

In all our cases, olfactory nerve involvement was detected on
imaging follow-up of the patients’ known gliomas or work-up for
an unrelated symptom/laboratory findings without a related
symptom. In at least 3 of the progressive glioma cases, abnormal
signal intensity could be seen in the olfactory nerve on retrospec-
tive review of examinations performed when the finding was first
reported. This highlights the importance of including the olfac-
tory nerves in one’s search pattern, because our study suggests
that most patients would not present with new olfactory-related
symptoms.

One of the limitations of this
study is the lack of pathologic confir-
mation for most cases in which there
was suspected involvement of the ol-
factory nerve by progressive glioma.
In most of these cases, the ipsilateral
olfactory nerve was involved or pro-
gressive disease was evident in other
parts of the brain parenchyma. Thus,
treatment strategies were altered on
the basis of a combination of clinical
and radiologic evidence of disease
progression because pathologic con-
firmation would have demanded
invasive procedures, which were not
favored in risk-benefit analyses. In
the single case in which a biopsy was
obtained to confirm progressive dis-
ease (case 10), olfactory involvement
represented the sole site of suspected
recurrence and was located contra-
lateral to the site of the previously
resected tumor, thus presenting a
diagnostic dilemma, which required
pathologic confirmation.

CONCLUSIONS
Awareness and early detection of un-
usual occurrence or recurrence of
gliomas involving the olfactory bulb
and tract are important for diagn-
osis and proper clinical management.
Because it can be a subtle site of tu-
mor recurrence, the olfactory groove
is an important search pattern for
accurate and early diagnosis of tumor
recurrence in a patient with a diagno-
sis of glioma, especially if the patient’s
tumor previously involved the olfac-
tory cortex. Furthermore, gliomas

can rarely arise from the olfactory nerve, appear discrete, and
mimic meningiomas.
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