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Summary

Background: Primary neoplasms of the sphenoid sinus are a rare occurrence, accounting for approximately 1-2%
of all paranasal sinus tumors. Here we report a series of four such patients.

Methods: Four patients with sphenoid sinus neoplasms were identified (1%), all treated during the year 2003.

Results: The four patients included two women and two men (mean age 61 years, range 44-70 years). Two
patients presented with unilateral abducens cranial nerve (CN) palsies; one had trigeminal facial numbness and
dizziness; another had headache, epistaxis, and partial third and fourth CN palsies. MRIs in all patients demon-
strated large sphenoid sinus masses with partial clival and sellar bone erosion but with clear visualization of the
pituitary gland above the mass. Cavernous sinus invasion was present in all four cases, including one patient with
tumor in the ethmoid sinus and intra-tumoral hemorrhage. No patients had endocrinopathy. All patients underwent
subtotal tumor removal via an endonasal transsphenoidal route. Tumor histology included neuroendocrine carci-
noma, sinonasal undifferentiated carcinoma, mucoepidermoid carcinoma, and giant cell tumor. Post-operatively, all
four patients had improved symptoms with complete resolution of diplopia in 3 of 3 patients. Metastatic work-ups
were negative in all patients, and all received fractionated stereotactic radiotherapy; three received chemotherapy.
One patient required a second endonasal tumor debulking 15 months after the first for new visual loss that then
resolved. At a median follow-up of 21 months, all patients are alive and functional.

Conclusions: Intra-sphenoidal tumors are locally invasive tumors that include a wide pathological spectrum. In
this small series, they presented with cavernous sinus symptoms and headache but not endocrinopathy. Recognizing
their distinctive clinical presentation and MRI features is helpful in differentiating them from primary sellar tumors.
Their aggressive nature warrants a multimodality treatment plan including surgical debulking, radiotherapy, and
chemotherapy in some cases.

Introduction

Primary isolated malignancies of the sphenoid sinus are
unusual. It is reported that neoplasms of the nasal cavity
and paranasal sinuses account for 0.2-0.8% of all can-
cers and for 1-3% of head and neck carcinomas [1-4].
Typically, tumors in the sphenoid sinus arise by local
tumor extension from surrounding structures such as the
ethmoid sinus or rhinopharynx or from the sella turcica
by growth of invasive pituitary macroadenomas. Pri-
mary sphenoid sinus masses are quite unusual, however,
representing only 2-3% of paranasal sinus neoplasms.
Given the relative rarity of these invasive and histolog-

ically variable tumors, their distinctive clinical presen-
tation, and their need for aggressive adjuvant therapies,
we summarize our recent experience with this entity. We
describe four patients with primary sphenoid sinus
neoplams who all presented with symptoms and signs
related to local mass effect on the cavernous sinus. All
patients underwent initial tumor debulking through a
direct endonasal surgical route with follow-up adjuvant
therapies. Although various cranio-facial approaches
have been described to remove sphenoid sinus cancers
[5-7], complete resection is typically not possible given
their locally invasive nature. Consequently, recent
efforts have been aimed at less rhinologically destructive



approaches to these lesions [2, 8-10]. The direct
endonasal approach used in our patients, recently de-
scribed by Zada et al., represents a minimally invasive
variation of the standardized sublabial transsphenoidal
route [11].

Materials and methods

From the surgery database of the Pituitary Tumor and
Neuroendocrine Program of the University of Califor-
nia Los Angeles (UCLA), we identified four patients
with primary sphenoid sinus neoplasms operated upon
by an endonasal transsphenoidal approach during the
year 2003. Pituitary adenomas, clival chordomas,
dermoids, esthesioneuroblastomas and other tumors not
primarily arising from the sphenoid sinus were excluded
from the present series. Patients’ symptoms and signs,
pre-operative diagnosis, magnetic resonance imaging
(MRI) and in some cases computed tomography (CT)
findings were noted (See Table 1). All patients had a
pre-operative endocrine evaluation for possible hor-
monal deficiency or excess, especially hyperprolactin-
emia to rule out an invasive macroprolactinoma.
Patients were operated upon by means of a direct
endonasal microsurgical approach for tumor removal,
as recently described by Zada et al. [11] in one case
(patient 3), the neurosurgical procedure was preceded by
a right endoscopic middle turbinectomy performed by a

Table 1. Patient summaries

Head and Neck surgeon, with exposure of the ethmoid
sinus and entrance into the sphenoid cavity. Intra-
operative findings were described including tumor con-
sistency and vascularity and estimated blood loss. Nasal
packing was not used in any patients.

Post-operative status was defined in terms of neuro-
logical status and extent of tumor removal based on
post-operative MRI or CT scans obtained within 2 days
of surgery and then at 3 and 12 months or longer after
surgery. The histological specimens were reviewed and
re-examined with immunohistochemical analysis. All
patients were discussed in a multi-specialty tumor board
and appropriate adjuvant therapies were rendered based
on this consensus conference.

Results
Clinical presentation

The four patients included two males and two females,
with an age ranging from 44 to 70 years (mean age
61 years). At initial presentation, three patients com-
plained of headache, and all four patients had symptoms
and signs of cranial neuropathies, with a partial III
cranial nerve (CN) palsy in one patient (case 4), CN VI
palsy in two patients (cases 3 and 4), CN IV palsy in one
patient (case 3), and trigeminal distribution facial

Case # Age, sex Tumor CT/MRI Preop Surgery Pathology Adjuvant Status at
size findings symptoms/ treatments follow-up
signs

1 70, M 3x3cm Sphenoid mass Intermittent Subtotal removal. Neuroendocrine SRT, Stable local
with erosion of dizziness, Soft in consistency. carcinoma Chemotherapy disease at 18
clivus and sella; left-sided (High grade) months since
elevation of facial numbness. surgery
pituitary gland.

2 64, M Sx4cm  Large sphenoid Headache, Subtotal removal.  Sinonasal SRT, Reoperation
sinus mass with epistaxis, sinus Fibrous in undifferentiated Chemotherapy 15 months
extension into congetion, consistency. carcinoma after first
posterior ethmoid partial right 111 (SNUC) surgery.
sinus and anterior c.n. palsy. Stable local
sella. Cavernous disease at 24
sinus invasion. months since
Subacute first surgery
hemorrhage.

3 66, F 3x3cm  Large sphenoid Headache, complete Subtotal removal. Mucoepidermoid SRT, Stable local
sinus mass with far right VI c.n. palsy, Fibrous in carcinoma Chemotherapy disease at 19
lateral and inferior right IV c.n. palsy. consistency. (High grade). months since
extension. Clival surgery
erosion and right
cavernous sinus
extension.

4 44, F 3 x 3.5 cm Large sphenoid Headache, right Subtotal removal. Giant cell tumor SRT Residual tumor
sinus mass VI c.n. palsy. Soft in reduced in
with clival consistency. size after
erosion SRT at
and elevation 23 months
of sella. since surgery

SRT: Stereotactic radiotherapy; c.n.: cranial nerve



numbness in one patient (case 1). Hormonal evaluation
revealed no pituitary hormone deficiencies or overpro-
duction in any case.

All patients had pre-operative MRIs and two had CT
scans. The site of the tumor was the sphenoid sinus in
all cases, with complete or near complete filling of the
sinus (Figure la, b). Extension beyond the sphenoid
sinus was noted in all cases. Bony erosion over the
cavernous sinuses was seen on MRI, CT or intra-
operatively in all four cases and clival erosion was seen
in three cases. An erosion of the sellar floor and
extension into the sellar cavity, with associated com-
pression and distortion of the pituitary gland, was
evident in three cases (cases 1, 2, and 4). In particular,
in one patient who had a history of sudden develop-
ment of right CN III palsy and acute headache, the
MR showed evidence of subacute hemorrhage into the
tumor, with right cavernous sinus and dural infiltration,
suggesting initially a pituitary macroadenoma with
apoplexy. The MR and CT findings did not permit in
any case a precise pre-operative diagnosis and the
imaging characteristics were consistent with clival
chordoma, invasive macroprolactinoma, carcinoma,
other bony tumor or metastatic tumor. Two patients
underwent preoperative transnasal biopsy of the sphe-
noid mass at an outside institution. These initial biop-
sies confirmed the diagnosis of mucoepidermoid
carcinoma in one case (patient 3), and giant cell tumor
in the other (patient 4).

Surgical treatment and initial outcome

A subtotal removal of the tumor was achieved in all four
case. In all cases the tumor was moderately to highly
vascular, with a fibrous consistency in two cases (cases 2
and 3) and a soft consistency in two (cases 1 and 4).
Intra-operative blood loss ranged from 100 cc to 1,500
cc. In all patients there was erosion of the surrounding
bony structures and dural invasion into the sellar cavity,
cavernous sinuses and into the clival dura, in various
combinations. There were no intra-operative or post-
operative CSF leaks or other surgical complications.
Patients were discharged home on post-operative day 2
in two cases and on day 3 in two cases. At routine fol-
low-up, in two patients there was a complete resolution
of the pre-operative symptoms and neurological signs,
while in two cases the symptoms improved after surgery.
All patients had a metastatic work-up which was
negative.

Tumor pathology

Histological analysis revealed four different tumor types
in the four patients: sinonasal undifferentiated carci-
noma, giant cell tumor of bone, mucoepidermoid car-
cinoma of intermediate grade, and neuroendocrine
carcinoma (Figure 2 and Table 1). The pathological
features of the tumors are summarized in Table 2.

Figure 1. Sellar MRI, case #4. Pre-operative coronal (a) and sagittal (b) images after intravenous administration of galodinium-DTPA:
the lesion occupies the entire sphenoid cavity, erodes and extends into the clivus and both lateral walls of the sphenoid sinus. The sellar
floor is eroded and the pituitary gland is pushed upward. Post-operative coronal (c) and sagittal (d) post-gadolinium images: small
amounts of residual tumor are visible along the posterior and lateral walls of the sphenoid sinus, mostly in the clivus. The pituitary gland

has descended into a more normal anatomical position.



Sl ¥

2y

-

iy R

Figure 2. Panel A: High grade malignant neoplasm most ¢/w neuroendocrine carcinoma. Pleomorphic vesicular nuclei with variably prominent
nucleoli, but a relative paucity of mitoses. Panel B: SNUC. Routine H&E stained section shows a neoplasm composed of moderately
pleomorphic epithelioid cells with fairly distinct cytoplasm—an appearance very similar to that of pituitary adenoma. Panel C: Mucoepidermoid
carcinoma with clear cell features. Tumor archictecture includes sheets and nests of cells with relatively uniform epithelioid cytology. Many of
the cells show clear cytoplasm; nuclei are relatively uniform, with either a ‘salt and pepper’ chromatin pattern and absence of nucleoli, or clear
nuclei with pseudoinclusions. Panel D: Giant cell tumor of bone. Note multinucleated giant cells (e.g. arrow) scattered throughout a fibrous

stroma.

Adjuvant therapy

All four patients underwent stereotactic radiotherapy
(SRT, dose range 50-60 Gy) and three patients received
chemotherapy in addition to the radiotherapy. In
particular, patient #1 received fractionated radiation
therapy in combination with chemotherapy (two cycles
with cisplatin and VP-16); both patients #2 and #3 re-
ceived a combination of hyperfractionated radiation
treatment and chemotherapy (full doses of 5-fluoro-

Table 2. Pathological features of the tumors of present series

uracile [5-FU] cisplatin); and patient #4 received frac-
tionated radiation treatment only, given the fact that
giant cell tumors rarely are malignant but they tend to
recur (in our case, the Ki-67 labeling index was 2-5%).

Follow-up
Post-operative imaging (Figure 1 c, d) shows stable

residual tumor in patient #1 at 12 months, and in
patient #3 at 15 months. In patient #4 with giant cell

Case # Histology Mitoses Nucleoli Immunostaining Ki-67 Final diagnosis

1 Hypercellular tumor with None Eosinophilic Pankeratin® 4% Neuroendocrine
bizarre pleomorphic large macronucleoli Chromogranin® carcinoma of
cells in sheets and vague Synaptophysin®, high grade
nests. Ill-defined faintly CD45-,
eosinophilic to clear CK7-,
cytoplasm and large CK20-,
pleomorphic nuclei. HMB45-,

EMA-

2 Sheets and lobules of Rare Prominent Keratin®, 10-20% Sinonasal
epithelioid cells with well EMA®, undifferentiated
demarcated cytoplasmic Pituitary carcinoma
borders and pale, Hormones
eosinophilic cytoplasm

3 Hypercellular tumor in Rare Inconspicuous EMA®, 5-10% Mucoepidermoid
sheets and infiltrating Keratin 7@, carcinoma with
nests of round to Calponin—, clear-cell features
oval epithelioid cells. CD10-,

Nuclei round to oval. Keratin20—,
Protein S-100—,
Vimentin —

4 Multinucleated giant None Rare clear CD68® 2-5% Giant cell
cells (e.g. arrow) nucleoli with tumor of the
scattered throughout pseudoinclusions bone

a fibrous stroma




tumor, MRI at 14 months after surgery shows a 40%
decrease in transverse tumor diameter. Patient #2 with
sinonasal undifferentiated carcinoma, after receiving
both stereotactic radiotherapy and chemotherapy,
developed left eye visual loss 15 months after surgery
secondary to another hemorrhagic tumor recurrence in
the sphenoid sinus and left parasellar area, with exten-
sion into the posterior planum sphenoidale and left optic
canal. He underwent a second endonasal tumor debul-
king after which his left eye vision returned to normal.
He then underwent a second cycle of stereotactic
radiotherapy and remains stable 9 months after his
second operation. The clinical follow-up of all the pa-
tients ranges from 18 to 24 months (mean 21 months).

Discussion
Epidemiology

Primary sphenoid sinus neoplasms are distinctly unu-
sual. Prior large series of paranasal sinus tumors report
an incidence of primary sphenoid sinus cancers of only
2-3% of all paranasal sinus neoplasms [1-4, 10, 12-15].
The overall incidence in our series of all tumors in the
sellar and parasellar regions is 1%. More often, lesions
of the sphenoid sinus result from direct extension of
neoplastic masses from the ethmoid sinus, the rhino-
pharynx and the clivus, or represent inflammatory
disease, such as sphenoid mucocele [1, 12, 13, 16-19].
The most common histopathologic subtype of parana-
sal sinus tumor is squamous cell carcinoma, which ac-
counts for 60-75% in most series, with most of the
remaining cases comprised of undifferentiated tumors,
adenoid cystic carcinoma, and adenocarcinoma [1, 10,
12, 14-16, 18, 20-24]. Other tumor types, including
lymphomas, esthesioneuroblastomas, plasmacytomas,
melanomas and sarcomas are rarely seen in the sphe-
noid sinus [25, 26]. However, involvement of the
sphenoid sinus from large invasive macroprolactinomas
is common in men. Therefore a prolactin level should
always be performed with such lesions in the parasellar
area. One should also be aware of the pitfall of the
‘high-dose hook effect’ in the chemiluminometric assay
for determination of serum prolactin level. In very large
macroprolactionomas, unless serum dilutions are per-
formed an erroneously normal or slightly elevated
prolactin level may lead to missing the diagnosis of a
prolactinoma which could be treated with dopamine
agonist therapy [27-31].

Pathology

Sphenoid sinus tumors can pose a significant diagnostic
challenge at the time of frozen section (intraoperative
consultation). The relatively bland cytologic and archi-
tectural features of many of these neoplasms (sheets and
cords of epithelioid cells with relatively well demarcated
cytoplasm, modest nuclear atypia) do not allow for their
distinction from pituitary adenomas, in which virtually
identical features may be present [32, 33]. As is the case
with many endocrine tumors, pituitary adenomas may

show pronounced nuclear atypia and even mitoses,
without the ominous prognostic implications of these
findings when they are found in non-endocrine tumors;
this makes the intraoperative differential even more
problematic.

Clear communication between the neuropathologist
and neurosurgeon (always recommended) becomes
crucial in these cases [34] — e.g. knowing that the lesion is
definitely distinct from pituitary gland makes the diag-
nosis of adenoma less likely, though not impossible. At
the time of intraoperative consultation, the neuropa-
thologist may issue a diagnosis using the terminology
‘consistent with...’, with the understanding that this will
be refined after examination of the permanent sections.
In three of the four cases presented, the intraoperative
diagnoses at the time of initial resection were: ‘consistent
with adenoma’, ‘malignant neoplasm, favor metastasis’,
and ‘favor meningioma—cannot rule out metastatic tu-
mor’. Paraffin sections are often more clearly diagnostic,
e.g. in the neuroendocrine carcinoma, nuclear features
were highly suggestive of a neuroendocrine tumor rather
than adenoma. However, in the case of the SNUC, the
distinction from a moderately pleomorphic pituitary
adenoma was difficult even on high quality routine
stained permanent sections.

Immunohistochemistry becomes extremely helpful,
though even this type of evaluation may not be defini-
tive. An important negative finding that frequently
points to the diagnosis of something other than pituitary
adenoma, is the complete absence of tumor immunore-
activity for any of the anterior pituitary hormones
(prolactin, human growth hormone, etc). Synaptophysin
immunoreactivity present strongly and diffusely
throughout one of the tumors supported the diagnosis
of neuroendocrine carcinoma, though patchy synapto-
physin immunoreactivity can also be seen in pituitary
adenomas. Strong, though focal, immunoreactivity for
pankeratin and epithelial membrane antigen (EMA)
supported the diagnosis of SNUC in one of the patients.
Though cytokeratin immunoreactivity may be seen in
pituitary adenomas, the combination of keratin and
EMA staining is not [35]. CD68 is an excellent marker
for macrophages and clearly highlighted the multinu-
cleated giant cells in the giant cell tumor of bone .

Proliferating cell markers, detected immunohisto-
chemically in tissue sections, are very helpful, though
often not incorporated into current tumor classifications
or grading because of the substantial inter-laboratory
inconsistency in their application and quantification, and
tremendous variability of staining even within a section
showing apparently homogeneous neoplasm [35, 36]. In
most laboratories, the ‘labelling index’ (LI) refers simply
to a percentage of immunolabelled nuclei in a given
section, since immunoreactivity implies an active stage of
DNA synthesis, though not necessarily mitotic activity,
i.e. mitotic activity is usually much lower than LI for a
proliferating cell marker [36]. The most widely used
marker for this is Ki-67, or MIB-1, which effectively and
reproducibly labels the ‘growth fraction’ of tumor cells in
paraffin sections. The Ki-67 can be rigorously quantified
or estimated, as it was in our cases. In the case of SNUC
in this series, the Ki-67 labeling index was strongly



suggestive of a neoplasm with aggressive growth
characteristics, even though mitoses were relatively
inconspicuous—the observed Ki-67 LI, estimated to be up
to 20%, was far in excess of that seen in most pituitary
adenomas, which usually show a LI of no more than
2-5% in the experience of one of the authors (HVV).

Clinical presentation

The most frequent symptoms of these four patients were
headache and diplopia due to early involvement of the
cavernous sinus dura and cranial nerves. Cavernous
sinus involvement explains why tumors of the sphenoid
sinus commonly cause symptoms such as headache,
diplopia, and trigeminal sensory symptoms, whereas
tumors of other paranasal cavities often present with
epistaxis, nasal obstruction and discharge [2, 10, 1215,
17, 21-24, 26, 37-40]. This typical presentation of ocu-
lomotor, abducens and trigeminal nerve palsies is not
surprising given the immediate proximity of the cav-
ernous sinus dura to the sphenoid sinus [2, 17, 21, 41,
42]. Cranial neuropathy in various combinations can
occur with sphenoid cancers that erode the bony walls of
the sinus. Harbinson et al. [21] identified three distinct
groups of symptoms associated with sphenoid sinus
cancers: all patients in our series are included in the
so-called spheno-cavernous syndrome, with early
involvement of the cranial nerves of the cavernous sinus,
rapidly evolving neuro-ophthalmological syndromes
and facial pain or headache. Interestingly, one patient in
our series who developed intense headache and a right
partial 3 cranial nerve palsy 4 days prior to admission
with subacute hemorrhage in his tumor had a clinical
picture consistent with pituitary apoplexy [29, 43—47].

Imaging studies

Contrast-enhanced MRI and CT, although suggestive,
particularly in retrospect, are generally not specific for
a primary sphenoid cancer. While MRI is particularly
useful in defining the intimate relationships between
the tumor and the surrounding structures, thus
allowing detection of dural invasion, and perineural
and arterial encasement, CT scans, with multiplanar
reconstructions, are superior in defining the degree
and extent of bony erosion [2, 14, 29, 48]. In the
present series, all the patients had a preoperative MR
evaluation, while two also had CT. The only consis-
tent imaging finding that indicated a non-pituitary
tumor origin of these tumors was the upward dis-
placement or non-involvement of the pituitary gland
with sellar floor destruction, which thus favored a
differential diagnosis of sphenoid sinus tumor, clival
chordoma or other primary bony tumor or metastases.
However, as mentioned, in one case the MRI features
and clinical presentation favored pituitary apoplexy
from a hemorrhagic macroadenoma. Two patients
underwent transnasal biopsy which provided a defini-
tive preoperative histological diagnosis that was con-
firmed with transsphenoidal tumor debulking.

Table 3. Expected survival rates for different tumor types in this series

Average

survival S-year
Histologic rate overall
type (months) survival (%)
Neuroendocrine 10 20 £ 3
carcinoma
Sinonasal undifferentiated 51 40 + 9
carcinoma
Mucoepidermoid 52 50-80
carcinoma
Giant cell tumor 79 60 + 5

See Refs. [2, 3, 7, 12, 13, 16, 19, 26, 38, 39, 49-51].

Surgical approach considerations

The natural history of malignant lesions of the sphenoid
sinus is known to be relatively poor [3, 16, 20, 25, 39,
49-51]. However, some reports show a significant
tumor-free survival after surgical resection with the best
outcomes in patients with early diagnosis before onset of
cranial neuropathies [2, 5, 21, 49], regardless of tumor
pathology. In an effort to achieve gross tumor removal
or en bloc resection, a number of craniofacial
approaches for exposure of the sphenoid sinus have
been proposed. These approaches facilitate maximal
total tumor removal but may carry a higher rate of post-
operative rhinological and cosmetic complications.
Given that the tumors in these four patients were all
localized to the sphenoid sinus, a direct endonasal
microscopic approach to the sphenoid sinus was used in
all cases. In one patient, a right endoscopic middle
turbinectomy was also employed to gain greater access
to the lateral sphenoid sinus. This direct endonasal
approach is used routinely for all sellar lesions in our
institution and requires minimal nasal mucosal dissec-
tion and generally allows a rapid recovery with few post-
operative rhinological complications [11]. The major
disadvantage of this approach is a more restricted
exposure to the sphenoid sinus. However, all tumors
exhibited extensive local invasion and two tumors were
highly fibrous, rendering manipulations along dural
planes more risky and hazardous. Complete tumor re-
moval was thus not deemed possible in any patient.
Consequently, even after knowing the definitive diag-
nosis in these patients, taking an additional more
aggressive craniofacial approach to remove residual
tumor was not recommended.

Adjuvant therapies and long-term prognosis

Because of the varied histological spectrum of sphenoid
sinus neoplasms, there is a wide spectrum of prognosis
among these necoplasms (Table 3) [1, 13-15, 25, 26,
37-39, 49-52]. At present, no universal standard treat-
ment modality exists for such tumors, however there
is considerable data regarding the effectiveness of
radiation therapy [2, 3, 7, 13, 33, 39, 50, 51]. A dose
between 50 and 60 Gy to the sphenoid sinus and sur-
rounding tissues in a fractionated or hyperfractionated



stereotactic fashion appears optimal. However, muco-
epidermoid carcinomas are known to have limited
radiosensitivity. The role of chemotherapy is still un-
clear [2, 3, 20, 39]. Platinum-based regimens have been
shown to have a response rate ranging from 36 to 84%.
Neuroendocrine carcinomas appear to show a higher
response with induction chemotherapy followed by
radiotherapy [3]. All four of our patients received
adjuvant stereotactic radiatotherapy (SRT), and three
also had chemotherapy. Longer follow-up is clearly
needed in these patients to monitor for disease pro-
gression.

Conclusions

Primary sphenoid sinus tumors are rare neoplasms that
commonly present with headache and cranial neuropa-
thies attributable to cavernous sinus involvement. Rec-
ognition of these tumors and differentiating them from
sellar masses is important in developing an appropriate
multidisciplinary treatment plan that should include
tumor debulking, postoperative radiotherapy and in
some instances chemotherapy. Because of their invasive
nature and often fibrous consistency, conservative
transsphenoidal surgical debulking appears to be a
reasonable approach.
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