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Purpose: Olfactory neuroblastoma (ONB) is a rare neuroectodermal malignant neoplasm
that originates from the olfactory sensory epithelium. In reported cases involving the orbit, the
primary neoplasms could invade the orbits through bone destruction or cranio-orbital commu-
nication anatomical structure. The present study reports a rare case of orbital metastatic tumor
arising from an intracranial ONB in a Chinese patient, which is the first case demonstrating an
uncommon route of ONB involving the orbit.

Patient and methods: A 62-year-old man with a right orbital tumor was diagnosed as having a
secondary tumor arising from intracranial ONB. Clinical examination, including ocular imaging
examination, and histopathological and immunohistochemical studies were performed.
Results: In the ocular examination, a focal, firm, nontender swelling with ill-defined margins
in the right orbit was found on palpation. Proptosis, limited eyeball movement, and visual loss
were also observed. The unenhanced computed tomography scan showed a homogeneous,
isolated, ill-defined soft tissue neoplasm in the right orbit. The histopathological study revealed
irregularly shaped nests of tumor cells surrounded by avascularized fibrous stroma. The mono-
morphic malignant tumor cells are small round blue cells that are slightly larger than mature
lymphocytes, with a very high nuclear to cytoplasmic ratio. The immunohistochemical staining
for tumor cells was positive for synaptophysin, chromogranin A, cluster of differentiation 56
(CD56), cytokeratin, vimentin, S-100 protein, and negative for epithelial membrane antigen,
and cluster of differentiation (CD99).

Conclusion: This is so far the first Chinese case of orbital metastasis from intracranial ONB
that has ever been reported. Metastasis might be another route of ONB invading the orbit
besides direct invasion.
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Introduction

First described by Berger in 1924, olfactory neuroblastoma (ONB) is a rare malignant
neoplasm arising from the olfactory epithelium.' The incidence of ONB is ~0.4 in a
million per year. It can appear at any age but normally displays a bimodal distribution
with two peaks, in the second and sixth decade of life, without a predilection for sex.2?
Cases of ONB with ophthalmologic presentations, including epiphora, decreased visual
acuity, and proptosis, have been reported previously.*® In these orbital malignant
cases, the infiltrating neoplasm invaded orbits directly through bone destruction or the
cranio-orbital communication anatomical structure. Herein we report a novel case of
orbital metastasis from intracranial ONB in a Chinese patient demonstrating a possible
uncommon approach of ONB migration to orbits.
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Patient and methods
Clinical data

The patient’s clinical data were reviewed, including findings
from the ocular examination and computed tomography
(CT) scan. The study was approved by the Human Subjects
Ethics Subcommittee of Zhejiang University, and it adhered
to the tenets of the Declaration of Helsinki. Written informed
consent was obtained from the patient.

Histopathology and

immunohistochemistry

Surgical samples were collected and embedded with paraffin
for histological and immunohistochemical analyses. Immu-
nohistochemical analyses for synaptophysin (SYN) (rabbit
monoclonal antibody, OriGene, Rockville, MD, USA),
chromogranin A (CGA; mouse monoclonal antibody;
OriGene), cluster of differentiation (CD56; mouse monoclo-
nal antibody; OriGene), cytokeratin (CK; mouse monoclonal
antibody; OriGene), vimentin (VIM; mouse monoclonal
antibody; OriGene), S-100 protein (mouse monoclonal anti-
body, OriGene), epithelial membrane antigen (EMA; mouse
monoclonal antibody; OriGene), and cluster of differentia-
tion 99 (CD99; mouse monoclonal antibody; OriGene) were
performed on the paraffin sections.

Results

Case report

A 62-year-old male was referred to our department complain-
ing of proptosis and diplopia in his right eye for the past
2 months. He also noticed a rapidly increasing swelling in
the superior position of the right orbit 1 month ago. He had
surgery twice previously: the first for a bladder carcinoma
12 years ago, and the second for an intracranial ONB in the
frontal lobe and saddle area 6 months ago. Adjuvant post-
operative radiation therapy was given after the craniotomy.
His father died of esophageal carcinoma.

The ocular examination revealed proptosis and mild
infratemporal deviation with limited eyeball movement.
The fundus examination showed mild retinal edema and
venous congestion. The visual acuity of the right eye was
decreased to 5/12 with normal intraocular pressure. A focal,
firm, nontender swelling with ill-defined margins was found
through palpation in the upper position of the right eye.
Lymph node enlargement was not detected on palpation. An
unenhanced CT scan of the orbit was performed in the axial
section with coronal and sagittal reconstructions. CT showed
a homogeneous, isolated, ill-defined soft tissue mass in the
right orbit. The right eyeball was displaced anteriorly and

inferiorly (Figure 1). Enhanced imaging examination was
not performed due to renal dysfunction.

Extirpation of the lesion by anterior orbitotomy was per-
formed under general anesthesia. A 4.0 cm incision through
the skin along the supraorbital margin enabled adequate
exposure of the neoplasm. The neoplasm was carefully
detached from the normal tissues by blunt dissection. The
mass measured ~2.5x2.5x%2.0 cm.

Histopathological examination suggested that it was a
highly cellular, infiltrative tumor. Tumor cells were seen in
irregular shaped nests surrounded by avascularized fibrous
stroma (Figure 2). The monomorphic malignant tumor cells
are small round blue cells that are slightly larger than mature
lymphocytes, with a very high nuclear to cytoplasmic ratio.
Immunohistochemistry study was positive for SYN, CGA,
CD56, CK, VIM, S-100 protein staining and negative for
EMA and CD99 marker (Figure 3). Histological findings
along with immunohistochemical staining results led to the
diagnosis of orbital ONB which was consistent with primary
tumor in the brain. The patient was advised to undergo
radiotherapy and was referred to the department of radia-
tion oncology.

Discussion

ONB is a rare malignant tumor that occurs in the neuroecto-
dermal cells of the olfactory sensory epithelium.'* It shows
no predilection for sex and occurs at any age (2-94 years),
despite a bimodal age distribution in the second and sixth
decades of life according to the previous reports.>* Due to the
complex anatomical location and slow growth of the tumors,
patients often have no symptom at the early onset, leading
to a delay in diagnosis. However, when affecting adjacent
structures (orbit and cranial cavity), the tumors may present
as nontypical symptoms, including headaches, protopsis,
strabismus, excessive lacrimation, rhinorrhea, and visual
disturbances. The cell of origin in ONB is still controversial.
Jacobson’s vomeronasal organ, sphenopalatine ganglion,
ectodermal olfactory placode, ganglion of Loci autonomic
ganglia of the nasal mucosa, and the olfactory neuroepithe-
lium were proposed to be the sites of origin for this neural
crest-derived neoplasm.>!!

Radiography examination is helpful for differentiating
the tumor from other tumors. Speckled calcifications and
bone erosion can be picked up by CT with noncontrast
enhanced methods, while contrast-enhanced CT high-
lights the areas of necrosis. Magnetic resonance imaging
measures the extent of the tumor. T1-weighted images
show hypointense-to-intermediate signals within the mass
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An isolated orbital mass with proptosis and diplopia

Figure | Computed tomography scans showing a homogeneous, isolated, ill-defined soft tissue density mass in the right orbit (A—C; arrows). The right eyeball was displaced

anteriorly and inferiorly. (A) Axial section, (B) sagittal section, and (C) coronal section.

Abbreviations: AR, anterior; L, left; Pl, posterior; R, right.

compared to normal brain tissue, and the hypointense signal
tends to come from necrosis. T2-weighted images may
show hyperintense regions, which correlate to the cystic
regions at the advancing edge. There is often marked tumor
enhancement after gadolinium.? Sporadic cases of ONB
with ophthalmologic presentations have been reported in
the literature.*” In orbital tumor cases, the infiltrating neo-
plasm invades the orbit by bone destruction, which can be
clearly observed by imaging examinations.!>? However, in
our patient’s CT images, the orbital neoplasm was an iso-
lated homogenous mass occupying the upper inner position
of the right orbit, which does not support the possibility of
direct invasion (Figure 1). The location and morphology of
the orbital tumor in our case was unique compared to the
ones mentioned in previous studies.*? Cytopathological and

immunohistochemical features of the orbital neoplasm were
found to be consistent with the features of primary intrac-
ranial tumors. So we speculate that the orbital neoplasm in
our case is a metastasis rather than an infiltration from the
primary lesion. Unfortunately, the enhanced imaging exami-
nation, which can otherwise further support our conclusion,
was not performed for the patient’s renal dysfunction. ONBs
can metastasize to other organs through hematogenous and
lymphatic routes. They have been previously found to metas-
tasize to spinal cord, vertebral body, lung, and brain.'3-'¢
However, to the best of our knowledge, there has been no
case of ONB metastasizing to the orbit.

Compared to imaging approaches, the histopathological
and immunohistochemical analyses were more reliable for
diagnosing ONB. These histopathological characteristics in our
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Figure 2 Histopathological sections of the mass.
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Notes: (A) Irregularly shaped nests of tumor cells surrounded by avascularized fibrous stroma (arrow shows the avascularized fibrous stroma; hematoxylin and eosin
staining; original magnification: x100). (B) The monomorphic malignant tumor cells are small round blue cells that are slightly larger than mature lymphocytes, with a very
high nuclear to cytoplasmic ratio (hematoxylin and eosin staining; original magnification: x400).

case were similar to those reported in studies by Thompson,?
and Mahooti and Wakely.!” Due to its histological similarities
to other malignant small round cell tumors, ONB has been
confused histologically with other lesions, including sinonasal
undifferentiated carcinoma, small-cell neuroendocrine carci-
nomas, Ewing’s sarcoma, melanoma, and lymphoma.>'$20 A
broad panel of antibodies staining provides more information
to distinguish ONB from other tumors (Table 1).221-* In our
case, eight antigens were tested immunohistochemically, of
which SYN, CGA, CD56, CK, VIM, and S-100 protein were
positively stained, while EMA and CD99 were negatively

stained. The majority of ONB cases express neuroendocrine
markers, including SYN, CGA, CD56, and neuron-specific
enolase. S-100 protein-positive peripheral dendritic cells cor-
responding to Schwann cells may present within the neoplasm
or at the edges of tumor nests. EMA, CD99, desmin, myogenin,
and CD45RB (leukocyte common antigen) negatively stain in
ONBs and the staining of CK, VIM, glial fibrillary acidic pro-
tein, and neurofilaments in ONBs varies in the literatures.>>?
Immunohistochemical staining of sinonasal undifferentiated
carcinoma is positive for EMA and occasionally positive for
SYN and CGA. S-100 is typically negative or rarely focally

Figure 3 Immunohistochemical staining of the mass.

Notes: The tumor cells were positive for (A) SYN; original magnification: X400; a reaction in the cytoplasm of the neoplastic cells; (B) CGA; original magnification: x400;
a reaction in the cytoplasm of the neoplastic cells; (C) CD56 (cluster of differentiation 56); original magnification: x400; a strong and heavy membrane-type staining;
(D) CK; original magnification: x400; a reaction in the cytoplasm of the neoplastic cells; (E) VIM; original magnification: x400; a reaction in the cytoplasm of the neoplastic
cells; (F) S-100 protein; original magnification: x400; a sustentacular reaction. The tumor cells were negative for EMA and CD99 (data not shown).

Abbreviations: CD, cluster of differentiation; CGA, chromogranin; CK, cytokeratin; EMA, epithelial membrane antigen; SYN, synaptophysin; VIM, vimentin.
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Table | Selected immunohistochemical results for malignant
small round cell tumors

mAB ONB SNUC SCNC EWS/PNET MM ML
SYN +— I+ I+ I+ R+ -
CGA +/— —I+ —I+ - - -
NSE + +— +— +— -+ =
CK —/+ + + R+ R+ -
S-100 +5 R+ R+ I+ + -
EMA — +/— n/a n/a R+ -
HMB-45 - - - - + -
CD99 - R+ R+ + —I+ -

Abbreviations: SYN, synaptophysi; CGA, chromogranin A; NSE, neuron specific
enolase; CK, cytokeratin; EMA, epithelial membrane antigen; HMB-45, human
melanoma black 45; CD, cluster of differentiation; mAB, monoclonal antibodies;
ONB, olfactory neuroblastoma; SNUC, sinonasal undifferentiated carcinoma; SCNC,
small-cell neuroendocrine carcinoma; EWS/PNET, Ewing’s sarcoma/peripheral
neuroectodermal tumor; MM, malignant melanoma; ML, malignant lymphoma; +,
positive; +/—, often positive, —/+, occasionally positive; R+, rarely positive; +, positive
in peripheral sustentacular cells; —, negative; n/a, not applicable.

positive. Small-cell neuroendocrine carcinomas are typically
negative for S-100 protein. As for Ewing sarcoma, melanoma,
and lymphoma, neuroendocrine markers such as SYN, CGA
combined with CK, S-100, EMA, HMB-45 (Human Mela-
noma Black 45), and CD99 are of great utility in eliminating
other small cell malignancies, because these latter neoplasms
(Ewing’s sarcoma, melanoma, and lymphoma) are rarely
positive for neuroendocrine markers.!721-2

Conclusion

Unlike direct infiltration of ONB in previously reported
orbital tumor cases, our present study represents an uncom-
mon pathway of orbital involvement of tumor development
from ONBs in a Chinese case. CT and magnetic resonance
imaging were used to diagnose and determine the extent
and staging of the tumor. It was unfortunate that the patient
was unable to tolerate the contrast-enhanced imageologi-
cal examination, which would have helped to understand
the exact pathological mechanism of the metastasis.
Histopathological and immunohistochemical analyses were
used to confirm the primary ONB. Further studies are needed
to clarify the mechanism of the rare orbital metastases route
arising from ONBs.

Disclosure
The authors report no conflicts of interest in this work.
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