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Abstract Ectopic sphenoid sinus pituitary adenoma

(ESSPA) may arise from a remnant of Rathke’s pouch.

These tumors are frequently misdiagnosed as other neu-

roendocrine or epithelial neoplasms which may develop in

this site (olfactory neuroblastoma, neuroendocrine carci-

noma, sinonasal undifferentiated carcinoma, paragangli-

oma, melanoma). Thirty-two patients with ESSPA

identified in patients with normal pituitary glands (intact

sella turcica) were retrospectively retrieved from the con-

sultation files of the authors’ institutions. Clinical records

were reviewed with follow-up obtained. An immunohis-

tochemical panel was performed on available material.

Sixteen males and 16 females, aged 2–84 years (mean,

57.1 years), presented with chronic sinusitis, headache,

obstructive symptoms, and visual field defects, although

several were asymptomatic (n = 6). By definition, the

tumors were centered within the sphenoid sinus and dem-

onstrated, by imaging studies or intraoperative examina-

tion, a normal sella turcica without a concurrent pituitary

adenoma. A subset of tumors showed extension into the

nasal cavity (n = 5) or nasopharynx (n = 9). Mean tumor

size was 3.4 cm. The majority of tumors were beneath an

intact respiratory epithelium (n = 22), arranged in many

different patterns (solid, packets, organoid, pseudorosette-

rosette, pseudopapillary, single file, glandular, trabecular,

insular). Bone involvement was frequently seen (n = 21).

Secretions were present (n = 16). Necrosis was noted in 8

tumors. The tumors showed a variable cellularity, with

polygonal, plasmacytoid, granular, and oncocytic tumor

cells. Severe pleomorphism was uncommon (n = 5). A

delicate, salt-and-pepper chromatin distribution was seen.

In addition, there were intranuclear cytoplasmic inclusions

(n = 25) and multinucleated tumor cells (n = 18). Mitotic

figures were infrequent, with a mean of 1 per 10 HPFs and

a\1% proliferation index (Ki-67). There was a vascularized

to sclerotic or calcified stroma. Immunohistochemistry

highlighted the endocrine nature of the tumors, with synap-

tophysin (97%), CD56 (91%), NSE (76%) and chromogranin

(71%); while pan-cytokeratin was positive in 79%, fre-

quently with a dot-like Golgi accentuation (50%). Reactivity

with pituitary hormones included 48% reactive for 2 or more

hormones (plurihormonal), and 33% reactive for a single

hormone, with prolactin seen most frequently (59%); 19% of

cases were non-reactive. The principle differential diagnosis

includes olfactory neuroblastoma, neuroendocrine carci-

noma, melanoma, and meningioma. All patients were treated

with surgery. No patients died from disease, although one

patient died with persistent disease (0.8 months). Surgery is

curative in the majority of cases, although recurrence/per-

sistence was seen in 4 patients (13.8%). In conclusion,

ESSPAs are rare, affecting middle aged patients with non-

specific symptoms, showing characteristic light microscopy

and immunohistochemical features of their intrasellar

counterparts. When encountering a tumor within the sphe-

noid sinus, ectopic pituitary adenoma must be considered,

and pertinent imaging, clinical, and immunohistochemical

evaluation undertaken to exclude tumors within the differ-

ential diagnosis. This will result in accurate classification,
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helping to prevent the potentially untoward side effects or

complications of incorrect therapy.
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Introduction

Neuroectodermal and neuroendocrine tumors of the sino-

nasal tract encompass a selected tumor group, comprising

\2% of all sinonasal tract tumors. These tumors include

typical carcinoid (neuroendocrine tumor, grade 1), atypical

carcinoid (neuroendocrine tumor, grade 2), small cell car-

cinoma (neuroendocrine tumor, grade 3), paraganglioma,

Ewing sarcoma/primitive neuroectodermal tumor, olfactory

neuroblastoma, melanotic neuroectodermal tumor of

infancy, mucosal melanoma, and ectopic pituitary adenoma.

By definition of the World Health Organization, ectopic

pituitary adenoma is a benign pituitary gland neoplasm

occurring separate from, and without involvement of, the

sella turcica (i.e., with normal anterior pituitary gland) [1].

The pituitary gland is housed within the sella just above the

sphenoid sinuses. Immediately surrounding the pituitary

gland are the paired, septated cavernous sinuses, which

also envelop the internal carotid artery, and contain or

surround branches of several cranial nerves. The vast

majority of pituitary adenomas are within the sella. Thus,

careful imaging evaluation of these structures is required,

along with intraoperative assessment to make certain that

the sella is intact. The relevant anatomy for imaging

evaluation of the sphenoid sinus at the level of the naso-

pharynx is shown in Fig. 1.

The anterior pituitary primordium appears at about the 4th

week of embryogenesis. During the 8th developmental week,

the pituitary divides into sellar and pharyngeal parts. There is a

supradiaphragmatic attachment to the pituitary stalk, while

there is an infrasellar invagination referred to as Rathke’s

pouch. The craniopharyngeal canal allows for migration of the

pituitary tissue into the sphenoid or nasopharynx. Therefore, it

Fig. 1 A diagrammatic

representation of the anatomy

around the sphenoid sinus (S),

immediately above the

nasopharynx (N), and

immediately below the sella

turcica containing the pituitary

gland (P). The cavernous sinus

(blue), internal carotid arteries

(red) and cranial nerve branches

(yellow) all have an intimate

relationship with the pituitary

fossa and sphenoid sinus (Used

by special permission of

Amirsys, Inc., Salt Lake City,

UT, USA)
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is thought that ‘‘ectopic’’ pituitary adenomas are derived from

these embryologic remnants along the path of migration of

Rathke’s pouch [2–4]. Nasopharyngeal and sphenoid sinus or

sphenoid bone ectopic pituitary tissue can be fully functional,

since pharyngeal pituitary tissue begins to produce hormones

around the 17–18th week of gestation, about 8 weeks later

than sellar pituitary function begins [5, 6]. Knowledge of

pituitary embryonic development should result in the con-

sideration of a pituitary adenoma in the assessment of a

sphenoid sinus tumor.

Within the upper aerodigestive tract, ectopic pituitary

adenomas are most frequent in the sphenoid sinus and the

nasopharynx, although also identified in the nasal cavity,

ethmoid sinus, temporal bone, and nasal bridge [7, 8].

Intracranial, extrasellar ectopic pituitary adenomas are also

recognized (suprasellar, Meckel’s cave, cavernous sinus,

thalamus) [9], but these, along with tumors found exclu-

sively in the nasopharynx and nasal cavity, are excluded

from further consideration in this report.

Ectopic sphenoid sinus pituitary adenoma (ESSPA) with-

out sella turcica involvement is rare, with few cases reported in

the English literature [7, 10–41] (Table 1). The infrequency of

these tumors may result in misclassification and subsequent

inappropriate management. While there have been two series

[20, 40] the information focused on imaging findings with

only limited information about the histologic findings.

Therefore, there is no large comprehensive evaluation of

ESSPA when there is a normal sella turcica. This study

focused on the clinical presentation, histologic features and

immunohistochemical profiles of these tumors in relation to

the differential diagnosis and patient management. It is

important to state at the outset, however, that subclassification

of these tumors by current methods, using pituitary tran-

scription factors (Pit-1, T-pit, SF-1, ER-a, GATA-2, a-sub-

units) was not possible due to the consultative nature of the

samples and lack of sufficient material. Nonetheless, this is not

a treatise on primary pituitary tumors, but instead an exposi-

tion of paranasal sinus tumors.

Materials and Methods

Thirty-two cases of pituitary adenoma involving the

sphenoid sinuses were retrieved from the consultation files

of the authors, supplemented by cases from the files of the

Otorhinolaryngic-Head & Neck Tumor Registry of the

Armed Forces Institute of Pathology, encompassing 1970

to 2010. An approximate incidence is suggested by the five

ectopic pituitary adenomas identified from 201 primary

sphenoid sinus lesions. During this same interval, 1,024

sphenoid sinus lesions identified compared to 1,024 pitui-

tary adenomas diagnosed. This would suggest that

approximately 0.48% (5/1024) of pituitary adenomas are

ectopic; approximately 2.5% (5/201) of sphenoid sinus

lesions are pituitary adenomas.

By definition, the sella turcica and pituitary fossa

regions were required to be normal (i.e., unaffected by the

neoplasm) for inclusion in this study. When available,

Table 1 Clinicopathologic data on patients with ectopic sphenoid

sinus pituitary adenomas from a review of the English literature [7,

10–41]

Characteristics Sphenoid sinus

pituitary adenoma

total: n = 43

Gender

Women 27

Men 16

Age (in years)

Range 17–76

Mean 51.8

Women (mean) 50.1

Men (mean) 52.2

Symptom duration (in months)a

Range 1–360

Mean 62.1

Women (mean) 68.0

Men (mean) 49.9

Symptoms at presentationa, b

Obstruction, sinusitis, rhinorrhea,

drainage, discharge

14

Headache or pain, nerve changes 13

Cushing symptoms (bruising,

hypertension, acne, facial hair,

weakness)

10

Acromegaly 8

Visual disturbances (diplopia,

acuity loss, blurring)

8

Amenorrhea, galactorrhea

or impotency

7

Epistaxis 3

Hormone production clinicallya

Cushing disease 12

Prolactin 12

Acromegaly 9

None 10

Size (in cm)a

Range 0.5–7.5

Mean 2.5

Treatment

Surgery alone 22

Surgery and medical therapy 9

Surgery and radiation 7

Other combinations 5

a Parameter was not stated in all cases
b Patients may have experienced more than one symptom
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magnetic resonance imaging (MRI) is preferred for pitui-

tary imaging, but computerized tomography (CT) was used

in many cases.

Materials within the files were supplemented by a

review of the patient demographics (gender, age, and race);

symptoms and physical findings at presentation including

chronic sinusitis, headache, obstructive symptoms, diffi-

culty breathing, visual changes, mass, pain, nerve paralysis,

changes in balance, and endocrinopathies; duration of

symptoms; and past medical and surgical history. In

addition, we reviewed imaging studies, surgical pathology

and operative reports and obtained follow-up information

by direct written or oral communication with the referring

pathologist, patient’s physician, oncology data services and

tumor registries, or the patient (or patient’s family mem-

ber[s]). Follow-up data included information regarding

presence of recurrent disease, treatment modalities used,

and the current patient status. Patients who were found to

have a primary pituitary adenoma within the sella turcica

(during surgery; by preoperative imaging evaluation; or

who developed a pituitary tumor within 12 months of

surgery) were excluded from further consideration. Most

cases were submitted as consultations to the authors, who

conducted this study as a retrospective review. Submitted

diagnoses by the primary pathologists included neuroen-

docrine carcinoma, olfactory neuroblastoma, sinonasal

undifferentiated carcinoma, nasopharyngeal carcinoma,

paraganglioma, melanoma, meningioma, and metastatic

carcinoid. This clinical investigation was conducted in

accordance and compliance with an Internal Review Board

authorization (#5968) performed under the direction of

Southern California Permanente Medical Group.

Specific information about the exact location, lateralization

and tumor size (greatest dimension in cm) was documented.

Hematoxylin and eosin-stained slides from all cases were

reviewed to document specific histologic features, to include:

respiratory epithelium (present or absent); tumor extension

(bone(s), soft tissue: into the subepithelial stroma of the sin-

onasal tract); perineural invasion; lymph-vascular invasion;

architectural pattern of growth (solid, single cell, organoid,

trabecular, insular, papillary, glandular, cystic, rosettes);

secretions or concretions present; necrosis (absent or present);

tumor cellularity (low: at least the width of two nuclei between

nuclei; moderate: nuclei adjacent to one another, but not

crowded; high: nuclear overlapping and crowding); cell type

(polygonal, plasmacytoid, spindled, cuboidal, oncocytic,

granular); nuclear chromatin distribution; nuclear pleomor-

phism (mild: slight variation, with predominantly a monoto-

nous population; moderate: intermediate variability with

nuclei up to 29 the size of other nuclei, easily identified

nucleoli, and chromatin distribution irregularities; or severe

[anaplastic]: profound pleomorphism in aggregates or sheets

of cells; high nuclear to cytoplasmic ratio, irregular nuclei and

nuclear chromatin distribution, prominent and/or irregular

nucleoli, indescribably bizarre nuclei); intranuclear cyto-

plasmic inclusions (present or absent); nucleoli (present: small

or large; or absent); fibrous bodies; tumor cell multinucle-

ation; mitotic figures (number of mitotic figures per 10 high

power fields [magnification at 409 with a 109 objective lens

using Olympus BX41 microscope]); atypical mitotic figures

(present or absent, and defined by abnormal chromosome

spread, tripolar or quadripolar forms, circular forms, or

indescribably bizarre); background stroma; and the presence

of other notable microscopic pathologic findings.

Immunophenotypic analysis was performed in cases

with sufficient suitable material by a standardized Envi-

sionTM method employing 4 lm-thick, formalin fixed,

paraffin embedded sections. Table 2 documents the perti-

nent, commercially available immunohistochemical anti-

body panel used. The analysis was performed on a single

representative block for each primary tumor. However, the

biopsies were often small, yielding a limited amount of

tissue for additional examination. Epitope retrieval was

performed, as required by the manufacturer’s guidelines.

Standard positive controls were used throughout, with

serum used as the negative control. The antibody reactions

were graded as absent to weak (0 to 1?), moderate (2? to

3?) and strong (4?) staining, and the fraction of positive

cells was determined by separating them into four groups:

\10% (focal), 11–50% (patchy), 51–90% (majority), and

[90% (diffuse); proliferation markers were separated into

\2, 2–10, and [10%. Importantly, pituitary transcription

factors were not tested due to the paucity of tumor material

and the consultative nature of the samples obtained, many

of which were without unstained slides or blocks available.

A review of the English literature based on a MEDLINE

search from 1966 to 2011 was performed and all cases

involving the sphenoid sinus specifically were included in

the review (Table 1). However, cases were excluded if the

lesion arose primarily in the nasopharynx, or involved the

pituitary (sella turcica) at the time of presentation or at a

later time [7, 42–44]. Clinical series were selected if crit-

ical information about sinonasal tract or sphenoid sinus

lesions was included, but excluded if the information was

too generalized [20, 40, 44]. Duplicate reports were

excluded from further evaluation [45]. No foreign language

articles were included.

Statistical evaluation was performed using a standard

statistics software package (Daniel Soper) with categorical

variables analyzed using Chi-square tests and Fisher’s

Exact tests to compare observed and expected frequency

distributions. Comparison of means between groups were

made with independent t-tests (including 1-tailed and

2-tailed tests with degrees of freedom) or one-way analysis

of variance, depending on whether there were two groups

or more than two groups, respectively. Confidence intervals
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of 95% were generated for all positive findings. The alpha

level was set at p \ 0.05.

Results

Clinical

The patients included 16 women and 16 men (Table 3) who

ranged in age from 2 to 84 years (mean, 57.1 years). There

was no difference in the mean age at presentation between

males and females. Tumors which involved more than the

sphenoid sinus tended to present at a younger age: sphenoid

sinus only: 61.0 years; sphenoid sinus and nasal cavity:

50.1 years; sphenoid sinus and nasopharynx: 52.8 years;

although this did not reach statistical significance

(p = 0.095). The majority of patients were white (n = 24),

with six black patients. Six of the patients were asymptom-

atic (4 females; 2 males) and the tumors were identified

during imaging evaluation for other reasons (such as a fall,

work-up of epilepsy and cerebral palsy, work-up for meta-

static tumor). The remaining patients presented with a vari-

ety of symptoms, and frequently with more than one

symptom. Symptoms included: headache and/or pain

(n = 10); chronic sinusitis (n = 9); obstructive symptoms

(including difficulty breathing and nasal stuffiness; n = 7);

visual disturbances (including double vision, blurred vision,

increased lacrimation; n = 5); mass (n = 3); nerve changes

(numbness or paresis; n = 2); balance alterations (n = 1);

and hirsutism (n = 1). Symptoms were present from

1 month up to 360 months (average duration of

29.1 months). Female patients experienced symptoms

longer (average of 58.4 months) compared to males (average

11.1 months). However, these differences were probably

skewed by the single female patient with symptoms for

360 months. There was no difference (p = 0.195) in the

average length of time with symptoms between sphenoid

sinus only (8.3 months), and tumors that expanded into the

nasal cavity (13.7 months) or nasopharynx (60.9 months).

Seven patients had preoperatively elevated hormone levels

tested as a result of finding a sphenoid sinus tumor, including

three patients with prolactin (PRL) elevation (219–695 lg/

L); two patients with adrenocorticotropic hormone (ACTH)

elevation (115 and 192 pg/mL); one patient with elevated

thyroid stimulating hormone (TSH); and one patient with

elevated TSH, luteinizing hormone (LH), follicle stimulat-

ing hormone (FSH) and ACTH (plurihormonal elevation). It

was only this latter patient, a 34-year-old woman, who had an

endocrinopathy, specifically hirsutism (Cushing symptoms).

Hormone elevation did not seem to correspond to outcome

(mean survival: 15.4 years). Four patients had experienced

separate additional primary tumors, unrelated to the sino-

nasal tract lesion: (1) a woman with endometrial carcinoma,

with the sphenoid sinus tumor identified during imaging

evaluation for metastases; (2) a man with a history of mel-

anoma, who developed blurred vision; (3) a man with a

Table 2 Immunohistochemical panel

Antigen/antibody/clone Type Company Dilution Antigen recovery

Cytokeratin (AE1/AE3:M3515

and CAM5.2)

mm Dako, Carpinteria, CA 1:40 CC1, 30 min

Becton-Dickson, Franklin Lakes, NJ 1:8

CK7 (OV-TL-12/30) mm Dako 1:200 CC1, 30 min

CK5/6 (D5/16 B4) mm Dako 1:25 E2, 20 min

CAM5.2 (CK8/18) mm Becton-Dickson 1:8 CC1, 30 min

Synaptophysin rp Ventana Medical Systems, Tucson, AZ Neat CC1, 30 min

CD56 (123C3.D5) mm Lab Vision/NeoMarkers, Fremont, CA Neat CC1, 30 min

NSE (BBS-NC-V1) mm Ventana Medical Systems Neat CC1

Chromogranin (LK2H10) mm Ventana Medical Systems Neat CC1, 8 min

CD99 (O13) mm Signet Laboratories, Dedham, MA 1:400 E2, 20 min

Ki-67 (MIB-1) mm Dako 1:100 CC1, 30 min

S100 protein rp Dako 1:2,000 CC1, 30 min

Prolactin (SPM108) mm Thermolife Scientific, Waltham, MA 1:1,500 Citrate buffer, 20 min

Follicle stimulating hormone (C10) mm Dako 1:50 None

Luteinizing hormone (C93) mm Dako 1:600 EDTH, 20 min

ACTH (02A3) mm Dako 1:4,000 None

Thyroid stimulating hormone (QB2/6) mm Leica Microsystems, Buffalo Grove, IL 1:400 EDTH, 20 min

Growth hormone (GH-45) mm Novus Biologicals, Littleton, CO 1:2,000 EDTH, 30 min

Calcitonin rp Fisher/Biomedical Inc., Venice, FL 1:8 EDTA, 20 min

mm mouse monoclonal; rp rabbit polyclonal
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history of nasopharyngeal carcinoma several years earlier

(treated with radiation and chemotherapy), who was noted to

have a sphenoid sinus mass during routine imaging follow-

up; and (4) a man with a pulmonary small cell carcinoma,

noted to have a sphenoid sinus mass during imaging evalu-

ation for metastatic disease. Three of these patients died of

disseminated disease related to their non-sphenoid tumor,

while the patient with nasopharyngeal carcinoma was lost to

long-term follow-up. None of the patients in this series had a

syndrome or inherited genetic disorder (Multiple Endocrine

Neoplasia type 1, Carney complex, McCune-Albright syn-

drome, Familial Isolated Pituitary Adenomas [46]).

Imaging Findings

The imaging studies demonstrated a mass within the sphe-

noid sinus, frequently associated with lateral wall erosion or

destruction, expansion into the cavernous sinus, erosion of

the anterior clivus, and/or expansion into the nasopharynx or

roof of the nasal cavity (Fig. 2). Bone sclerosis or calcifi-

cation at the advancing edge was noted, suggesting a tumor

that had been present for some time. The pituitary fossa was

intact without any pituitary defects detected. The floor of the

sella turcica (infrasellar) was bowed upward in a few cases,

but without breakthrough or expansion into the sella space.

There was no central nervous system connection docu-

mented in any of the cases, either by imaging studies or

during intraoperative assessment.

Pathologic Features

Macroscopic

The tumors involved the sphenoid sinus alone (n = 18),

the sphenoid sinus with extension into the nasal cavity

(n = 5), or the sphenoid sinus with nasopharynx extension

(n = 9). Thirteen tumors affected the right side, 10 the left

Table 3 Clinical characteristics

Clinical characteristics Number: n = 32

Gender

Females 16

Males 16

Race

White 24

Black 6

Age (in years)

Range 2–84

Mean 57.1

Women (mean) 57.7

Men (mean) 57.1

Sphenoid sinus only 61.0

Sphenoid and nasal cavity 50.1

Sphenoid and nasopharynx 52.8

Symptoms*

Duration (range, in months) 1–360

Duration (mean, in months) 29.1

Females (mean duration of symptoms) 58.4

Males (mean duration of symptoms) 11.1

Asymptomatic 6

Headache and/or pain 10

Chronic sinusitis 9

Obstructive symptoms 7

Visual disturbances 5

Mass 3

Nerve changes 2

Balance or hirsutism 2

Anatomic site

Sphenoid sinus alone 18

Sphenoid sinus and nasal cavity 5

Sphenoid sinus and nasopharynx 9

Laterality

Right 13

Left 10

Bilateral 9

Size (cm)#

Range 0.8–8.0

Mean 3.4

Female (mean) 3.2

Male (mean) 3.5

Sphenoid sinus alone (mean) 2.8

Sphenoid sinus and nasal cavity (mean) 3.6

Sphenoid sinus and nasopharynx (mean) 4.4

* More than one symptom may have been present
# Parameter was not stated in all cases

Fig. 2 A mass is noted within the right sphenoid sinus, showing

intact wings of the sphenoid bone
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side and nine were bilateral. The tumors ranged in size

from 0.8 to 8.0 cm in greatest single dimension, with a

mean size of 3.4 cm. There was no significant difference in

mean size between females (3.2 cm) versus males

(3.5 cm). The tumors were described as irregular, multiple

fragments of pink-red to grey-white-tan tissue, usually

removed in piece-meal fashion (Fig. 3). Fragments could

be mucoid, gelatinous to vascular, soft to firm and occa-

sionally polypoid. Cystic or degenerative changes were

noted. Necrosis was not recorded.

Microscopic

The majority of tumors demonstrated overlying intact

respiratory surface epithelium (n = 22) that was not affected

by the neoplasm, showing a grenz zone of separation

(Fig. 4). There were several cases (n = 10) in which there

was no respiratory or metaplastic squamous mucosa within

the sample (Table 4). The neoplastic cells were contained

within fragments of tissue, as most samples were curetted

rather than resected ‘‘en bloc’’. The neoplastic cells infil-

trated into the stroma, which was usually richly-vascularized

and associated with fibrosis. In several cases (n = 10) the

background was heavily collagenized and sclerotic,

‘‘squashing’’ the tumor into poorly recognized cords or sin-

gle cells (Fig. 4). The collagenized stroma was present in 3

silent lactotrophs; 1 lactotroph adenoma; 3 plurihormonal

adenomas; and 3 unclassified adenomas. Two cases showed

a heavily calcified stroma. Bone or cartilage invasion or

involvement was present in 21 cases (Figs. 4 and 5),

although bone was not included in several samples. The

tumors were centered in the sphenoid sinus, but 14 cases

expanded to involve the nasal cavity or nasopharynx.

Therefore, bone destruction can be expected as the tumors

expanded into the adjacent structures. Even though nerves

were identified, perineural invasion was not present nor was

lymph-vascular invasion.

The neoplastic cells were arranged in a multitude of

different architectural patterns, with nearly all tumors

showing more than one pattern within the same tumor. The

majority of tumors were arranged in a solid configuration

with nests and sheets of neoplastic cells separated by a

delicate fibrovascular stroma (Fig. 6). There was often

(n = 7) a background of hemorrhage, which would occa-

sionally create a pseudopapillary to papillary architecture

(Fig. 7). A packeted or organoid pattern (n = 12; Fig. 7)

frequently blended with a glandular (n = 6), trabecular

(n = 5) or insular (n = 2) pattern. The blending of orga-

noid and trabecular or insular patterns created a festooned

look. Rosettes and pseudorosettes (Fig. 7) were present

(n = 10), although this was not identified as a single

pattern. There was often a small vessel in the center, with

the cells arranged around, but away from the lumen

(pseudorosette). Single file infiltration (n = 9) was one of

Fig. 3 Fragments of tissue may

appear polypoid. Left Lesional

hemorrhage and fibrosis

surround the neoplastic cells.

Right Heavy background

stromal fibrosis nearly

completely obscures the small

cords of compressed tumor cells
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the most difficult patterns to interpret, since the cells were

squashed or compressed between bands of heavily collag-

enized stroma (Fig. 4). A predominantly cystic pattern was

noted in a single case. An epithelioid appearance was most

pronounced in the solid and glandular patterns, an impor-

tant consideration when the differential diagnosis of sino-

nasal undifferentiated carcinoma or poorly differentiated

carcinoma is considered. Secretions or concretions (Fig. 8)

were identified within lumina or pseudolumina in 16

tumors. The material was eosinophilic and opaque, giving

an appearance similar to ‘‘colloid’’ or ‘‘amyloid.’’ Well-

developed tumor necrosis (coagulative or comedonecrosis)

was seen in 8 tumors (Fig. 8), although a number of

additional tumors showed only apoptosis, a feature not

considered within the spectrum of true tumor necrosis. The

majority of tumors showed a low to moderate cellularity

(n = 21), while 11 showed a high cellularity (Fig. 9).

Based on the definition (see ‘‘Materials and Methods’’), the

high cellularity tumors were frequently those which were

misinterpreted to represent an olfactory neuroblastoma or

neuroendocrine carcinoma. In the tumors with a low cel-

lularity, the cells had a low nuclear to cytoplasmic ratio or

had abundant fibrovascular stroma that created more

‘‘space’’ in the lesion.

The neoplastic cells showed a variety of different

appearances, to mirror the variation in patterns of growth.

The dominant cell type was polygonal (n = 27), showing

ample cytoplasm surrounding a round to regular nucleus.

The cytoplasm ranged from amphophilic, eosinophilic, to

granular or oncocytic (Fig. 10). A plasmacytoid appear-

ance (n = 18) reflected nuclei eccentrically located within

the cell that had abundant eosinophilic cytoplasm pulled

off to one aspect. A ‘‘Golgi’’ space adjacent to the nucleus

accentuated the plasmacytoid appearance (Fig. 10). Onco-

cytic cells, showing opacified, abundant, eosinophilic

cytoplasm, were also common (n = 12). Spindled cells

were uncommon (n = 1). The nuclear chromatin was del-

icate to hyperchromatic, arranged in a salt-and-pepper

pattern, with heterochromatin distribution. Slightly open to

vesicular nuclear chromatin was seen in several cases, a

change which also highlighted nucleoli. Nuclear folds or

grooves were present in a number of cases, resulting in

nuclear contour irregularities. Nuclear pleomorphism was

generally mild to moderate (n = 27), with severe

Fig. 4 Left An intact,

uninvolved respiratory

epithelium is subtended by a

zone of fibrosis before the

neoplastic proliferation is

detected. Right Heavy stromal

fibrosis compresses the

neoplastic cells into small cords

and individually infiltrating

tumor cells. Note the bone

(right)
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pleomorphism present in only five cases (Fig. 11). All of

the cases with severe pleomorphism also showed bone

invasion, secretions, necrosis, high tumor cellularity, a

solid pattern of growth, multinucleation, well developed

nucleoli, and mitotic figures (mean, 1.8).

Intranuclear cytoplasmic inclusions were identified in

most cases (n = 25), a finding which can be helpful in the

differential diagnosis (Fig. 9). Well developed, membrane-

lined inclusions were present within the nucleus, contain-

ing the same material as the adjacent cytoplasm (not

nuclear bubble artifact or fixation clearing). Tumor cell

multinucleation was present in 18 cases (Fig. 11). This was

represented by multiple distinct nuclei within the cell,

rather than multilobated nuclei or a single large, highly

atypical nucleus (tumor giant cell). Nucleoli were not seen

in the tumor nuclei in 9 cases, were present but small in 17

tumors, and large and eosinophilic in 6 tumors (Fig. 11).

Mitotic figures were overall difficult to identify in most

cases. Fourteen tumors had no mitoses when 10 consecu-

tive high-power fields were reviewed (and repeated).

Eighteen tumors contained mitotic figures: 10 tumors with

1 mitosis/10 HPFs; 5 tumors with 2 mitoses/10 HPFs; and 3

tumors with 3 mitoses/10 HPFs. Mitotic figures did not

seem to influence the risk of recurrence or persistent dis-

ease. Atypical mitotic figures were not identified. Con-

current inflammatory sinonasal tract polyps (n = 2),

background edematous to mucinous degeneration (n = 2),

and isolated psammoma bodies (n = 1) were noted.

Squamous differentiation was not present and neither was

melanin pigment.

Immunohistochemical Results

The immunohistochemistry studies performed (on avail-

able material), highlighted the epithelial and endocrine

nature of the tumors, along with identifying specific

Table 4 Pathologic findings

Microscopic characteristics Number: n = 32

Respiratory epithelium

Present 22

Absent 10

Invasion

Soft tissue invasion (subepithelial stroma) 30

Bone invasion on histology 21

Perineural invasion 0

Vascular invasion 0

Respiratory epithelium invasion/involvement 0

Pattern of growth*

Solid 25

Organoid 12

Rosettes—pseudorosettes 10

Single file infiltration 9

Papillary—pseudopapillary 7

Glandular 6

Trabecular 5

Insular 2

Cystic 1

Secretions or concretions present 16

Necrosis

Present 8

Absent 24

Tumor cellularity

Low 14

Moderate 7

High 11

Cell type*

Polygonal 27

Plasmacytoid 18

Granular 14

Oncocytic 12

Cuboidal 10

Spindled 1

Pleomorphism

Mild 17

Moderate 10

Severe 5

Intranuclear cytoplasmic inclusions present 25

Multinucleated tumor cells 18

Nucleoli

Present: small 17

Present: prominent, large 6

Absent 9

Mitotic figures

Absent 14

Present 18

Range 0 – 3

Table 4 continued

Microscopic characteristics Number: n = 32

Mean (per 10 HPFs) 1

Atypical figures (present) 0

Fibrous bodies 3

Background

Sclerotic 10

Vascularized (fibrovascular), hemorrhagic 17

Calcified 2

Other

Inflammatory sinonasal polyps 2

Mucinous or edematous change 2

Psammatoid calcifications 1

* Tumors showed more than one pattern of growth or cell type
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hormones in a number of cases (Table 5). The panel of

immunohistochemistry antibodies was broader than may be

inferred for a pituitary tumor based on the sinonasal tract

location and differential diagnostic considerations. Spe-

cifically, 85.7% of cases were reactive with keratins, tested

with pan-cytokeratin (CK-pan) and CAM5.2. CK-pan was

more sensitive, detecting 79% of cases tested, while

CAM5.2 was positive in only 61%. Therefore, CK-pan

would be the more appropriate study to perform. There was

a dot-like Golgi deposition in 10 (45.4%) cases (Fig. 12),

although diffuse cytoplasmic reaction was more common.

Synaptophysin (97%) and CD56 (91%) were more sensi-

tive in detecting the neuroendocrine nature of the tumors

than chromogranin (71%) or CD99 (40%). NSE was

positive in 76% of cases, but was not as sensitive or spe-

cific a neuroendocrine marker as synaptophysin or CD56.

There was a spectrum of reactivity patterns for the neuro-

endocrine markers, including diffuse cytoplasmic, diffuse

granular, membranous, or dot-like (Figs. 13, 14).

A number of pituitary hormones were tested, with PRL

(Fig. 15) the most frequently identified hormone (59%).

Whenever tested, FSH, LH, GH, and TSH were never

identified in isolation; this means that if one of these

markers were positive, at least one other peptide was also

positive at the same time: polypeptide positive. ACTH was

identified in isolation in 3 cases (Fig. 15), although there

was insufficient material available to test other peptides in

an additional 2 cases. PRL was identified in isolation in 4

cases, with insufficient material available to test other

peptides in an additional 4 cases. Therefore, these peptides

may have been detected in isolation in a higher number of

cases if material was available for testing. Based on the

clinical symptoms, laboratory values and immunohisto-

chemistry findings, the tumors were placed in the following

general categories: GH-PRL-TSH family: Functioning lac-

totroph: n = 3; Nonfunctioning silent lactotroph: n = 7;

ACTH family: Functioning corticotroph: n = 1; Nonfunc-

tioning silent corticotroph: n = 3; Gonadotropin family:

Nonfunctioning silent gonadotroph: n = 1; Unclassified

adenomas: Plurihormonal adenomas: n = 8; Hormone

silent: n = 4. However, these four hormone silent cases,

and an additional five cases, were not classified as there

was an insufficient number of antibodies performed to

allow for an accurate classification. Calcitonin was positive

Fig. 5 Left Invasion into bone

and cartilage was frequently

detected. Right The neoplastic

cells invade adjacent to minor

mucoserous glands. Note the

numerous intranuclear

cytoplasmic inclusions
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in 20% of cases tested, suggesting aberrant hormone pro-

duction can be seen (detected in patients without any other

tumors). S100 protein was focally positive in one case, but

not in a sustentacular distribution. Ki-67 showed a very low

proliferation index, with 13 cases tested: 3 cases showed

*3% proliferation index; while 10 cases showed 1% or

less. This finding correlates with the low mitotic count

detected in H&E-stained material. Helpful in the differ-

ential diagnosis, CK7 and CK5/6 were non-reactive in all

cases tested. Selected cases had additional immunohisto-

chemistries performed during initial work-up by the pri-

mary pathologist, which were all negative: p63, TTF-1,

myogenin, desmin, SMA, HMB-45, EBER, GFAP, and

CD45RB.

Treatment and Follow-up

All patients were treated with either (A) surgery alone or

with (B) surgery followed by post-operative radiation

(n = 5) and chemotherapy (n = 1). However, radiation

and chemotherapy were employed because of an incorrect

diagnosis initially, while radiation was used to treat one

patient with recurrence. Follow-up was available in 29 of

32 patients. The overall average follow-up was 10.2 years

(Table 6). Four patients had recurrence or persistence of

their tumors. One 76-year-old died with persistent disease

0.8 years after surgery, but the death was not related to the

tumor (unclassified type). One 84-year-old had a pulmon-

ary small cell carcinoma, with the sphenoid sinus tumor

identified incidentally, and not treated after the initial core

biopsy (plurihormonal tumor); one 24-year-old patient had

persistent disease, managed with surgery and radiation, and

is now free of tumor (3.5 years) (silent lactotroph); one

54-year-old patient developed a recurrence 2 years later

and after surgery and radiation, is now free of disease

(3 years) (unclassified type). The latter two patients had

received the wrong diagnosis initially, resulting in incom-

plete surgery initially.

There was no statistically significant difference in

outcome between patients based on gender, tumor size or

specific anatomic site affected (Table 6). There were too

few patients in each group who had died (with or

without disease) to determine specific survival

determinations.

Fig. 6 Left A solid tumor

pattern with delicate

fibrovascular stroma. Right
Fibrovascular stroma with

greater collagen deposition. The

tumor is moderately cellular

with limited pleomorphism
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Discussion

Pituitary adenomas account for between 10 and 25% of all

intracranial neoplasms [3, 47–49]. It is well known that

primary pituitary adenomas can grow in any direction, and so

extension into the sphenoid sinus is expected in about 2–3%

of cases [2–4, 50, 51]. Extrasellar extensions are often larger

than the intrasellar tumors [26]. At the time of neurosurgery,

the hormone function, clinical setting, and imaging findings

are known by the endocrinologist, and head and neck and

neurosurgeons, respectively, which gives the pathologist an

easy setting in which to make the appropriate diagnosis.

However, when the pituitary gland is normal, the sella tur-

cica uninvolved, and the patient is presenting clinically with

non-specific sinonasal tract symptoms, and a ‘‘sphenoid

sinus’’ mass by imaging studies, the clinicians and patholo-

gist are faced with a more daunting task of diagnosis and

management. When considering the incidence of ESSPA,

based on all surgical pathology cases at one institution, about

0.48% of pituitary adenomas are ectopic; approximately

2.5% of sphenoid sinus lesions are pituitary adenomas; but

overall, 0.0000014% of all surgical pathology cases

reviewed were ESSPA.

As seen in this clinical series, only one patient presented

with a hormonally active tumor: Cushing syndrome as a

result of ACTH production. However, the other 97% of this

clinical series did not present with hormone-related signs

or symptoms. This is in contrast to the literature, where

58% of the patients presented clinically with abnormal

hormone production resulting in Cushing syndrome, acro-

megaly or amenorrhea/galactorrhea. This is probably due

to the single case report nature of these patients and reflects

publication in primarily clinical and imaging journals,

rather than pathology journals (only 11% of cases were

reported in pathology journals [12, 16, 28, 32, 33]).

Retrospective analysis of a specific tumor is a difficult

undertaking in modern medicine, and even more so when

the entity is rare. However, clinical presentation, gender

differences, anatomic site of distribution, size, histologic,

and immunohistochemical features, and patient outcome

have not been well-characterized by single case reports.

The information in this study is combined with that gleaned

Fig. 7 Several different

patterns of growth are

highlighted. Pseudopapillary

(left upper), organoid (right
upper), trabecular to organoid

(left lower) and pseudorosettes

(right lower). Several different

cytologic appearances are also

seen
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from the literature (Table 7) in an attempt to more fully

elucidate the nature of this uncommon tumor.

Clinical Information

There were 43 females and 32 males, suggesting a slight

female predominance (1.3:1). A broad age range can be

affected (2–84 years), but the majority of patients present

in the 6th decade (mean, 53.8 years), without a gender

difference. There is a trend towards patients presenting at a

young age when tumors involve the sphenoid sinus and

nasal cavity or nasopharynx, but this was not a statistically

significant difference (p = 0.095). Although the cases

reported in the literature tended to present with a symptom

complex related to hormone production, the overwhelming

majority of cases in this series did not have clinical

symptoms related to hormone excess (97%). Overall,

patients presented with symptoms which were present for

48.8 months. The majority of symptoms were non-specific

and related to the sinonasal tract, including obstruction,

sinusitis, rhinorrhea, discharge, drainage, headache, and

pain. The symptoms related to visual disturbances

(diplopia, visual acuity loss, blurring, proptosis), nerve

changes (paresthesia, paresis), and alterations in balance

were probably related to a sphenoid sinus tumor expanding

into the cavernous sinus or clivus, thereby affecting the

corresponding cranial nerves. The patients who presented

with symptoms related to hormone excess, were still likely

to have symptoms for some time, since hypertension, acne,

facial coarsening, hand, foot, nose, jaw and/or forehead

enlargement, voice deepening, fatigue, malaise, impotency

and amenorrhea are also non-specific, frequently managed

medically or symptomatically before additional evaluation

is performed. It is also important to remember that ectopic

pituitary hormones may also be secreted by bronchial and

gastrointestinal neuroendocrine tumors, as well as pul-

monary small cell carcinoma and ovarian small cell car-

cinoma, among other tumor types. Therefore, evaluation of

patients with hormone production is not just limited to

pituitary and midline sinonasal tract locations. Only three

patients presented with epistaxis, but it was not in isolation,

and was a symptom which brought the patients to clinical

attention after many years of other non-specific symptoms.

Finally, about 8% of all patients evaluated were

Fig. 8 Left Secretions or

concretions are noted within the

neoplastic proliferation. Right
Tumor necrosis was infrequent,

showing a comedonecrosis

pattern in this tumor
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asymptomatic (19% of this clinical study). These tumors

were incidentally discovered during evaluation for another

reason, most commonly in the setting of metastatic work-

up. It is in this latter clinical scenario that the pathologist

must be even more vigilant, avoiding the trap of misdiag-

nosing the tumor as a metastatic neoplasm. Interestingly, in

the asymptomatic patients who were being evaluated

because of other malignancies, two presented with silent

lactotroph adenomas; one with a functional lactotroph

adenoma; and one unclassified, plurihormonal adenoma.

This is different from patients with intrasellar tumors who

also have another primary: in this latter group, the tumors

are usually functional somatotroph adenomas (GH), with

colonic primaries the most likely finding [48].

Laboratory investigation for elevated pituitary hor-

mones, with and without stimulation or suppression testing,

is recommended, as the current classification is based on

functional status. Even though the patient may not yet have

a symptom-complex related to hormone excess, it is

important to document serologic elevation of hormones.

The old pneumonic of ‘‘FLAG TOP’’ may help in per-

forming the necessary evaluation, including FSH, LH,

ACTH, GH, TSH and PRL. Oxytocin is produced by the

posterior pituitary (neurohypophysis), which is embryo-

logically distinct from the anterior pituitary, and therefore

is not associated with sphenoid sinus tumor development.

Axiomatic, the term ‘‘silent’’ adenoma should not really be

used unless there is no evidence clinically or biochemically

of an abnormality. This is often difficult to achieve by the

pathologist, since an inadequate or incomplete clinical

work-up should not be the reason to render the diagnosis of

a ‘‘silent’’ adenoma. Therefore, in this series, where the

exact clinical evaluation was not always known to the

pathologist, it is possible that the term ‘‘silent’’ was used

just to pigeon-hole the case instead of implying there was

truly a silent lesion.

Imaging Studies

It is most important that appropriate imaging studies are

performed as part of the evaluation of these ectopic tumors.

Part of the definition for an ESSPA is that the sella turcica

is uninvolved and that the pituitary gland is normal.

Intraoperative assessment of the sella and pituitary can be

Fig. 9 Left High tumor

cellularity could mimic other

tumors of the upper

aerodigestive tract. Note the

delicate chromatin distribution,

with grooves and small nucleoli.

Right Intranuclear cytoplasmic

inclusions were frequently seen,

showing a well-formed

membrane-lined inclusion
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performed, but pre-operative imaging evaluation will yield

the most clinically useful information. Not only will

imaging studies document a normal pituitary and sella

turcica, but they will also highlight the size of the tumor,

give information about the margins and extent of the

tumor, and allow for appropriate surgical planning [19, 26,

40]. It is most important to exclude an invasive pituitary

adenoma into the sphenoid sinus, a much more common

finding than the ectopic pituitary adenoma. CT and MRI

studies can detect abnormalities that are greater than 3 mm

within the pituitary gland [48], with MRI reported to be

more sensitive for pituitary gland evaluation and giving

precise information about the relationship to the sphenoid

sinus. Specifically, the imaging studies demonstrate a well-

defined tumor margin, often with bony sclerosis, distinct

and separate from the normal, uninvolved intrasellar pitu-

itary gland. Bone destruction with expansion into the

cavernous sinus was a frequent finding. MRI shows mild to

moderate heterogenous contrast-enhancement, without a

unique T1- or T2-weighted image intensity. Non-enhanced

CT shows tumors that are iso- to hypo-dense to grey

matter, showing modest enhancement in post-contrast

studies [26, 40].

Pathology

Most tumors affected the sphenoid sinus alone, but it was not

uncommon to have expansion into the adjacent nasopharynx

or nasal cavity. Tumors were generally large for the anatomic

site, with an average size of 2.9 cm for all cases evaluated.

The tumors usually filled the sphenoid sinus. There was no

difference in tumor size between males or females

(p = 0.312). As expected, as the tumors expanded into

adjacent structures, the average size increased, a finding

which was statistically significant (p = 0.015). The macro-

scopic appearance of the tumors was non-specific and usu-

ally described as multiple fragments of tissue, ranging from

firm to gelatinous and vascular.

An intact respiratory surface epithelium was present in

most cases. Although absent in several, the surface epi-

thelium was not destroyed or affected by the neoplasm.

This may help in separating ESSPA from other neoplasms

Fig. 10 A variety of cytologic

appearances were seen,

including plasmacytoid (left
upper), polygonal (right upper),

epithelioid to spindled (left
lower) and small cell type (right
lower)
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in the differential diagnosis, such as neuroendocrine car-

cinoma (NEC) and sinonasal undifferentiated carcinoma

(SNUC), which frequently destroy the surface epithelium.

Olfactory neuroblastoma is usually separate from the sur-

face epithelium, but arises from the ethmoid sinus, asso-

ciated with the cribriform plate. Melanoma may involve

the surface epithelium with a ‘‘junctional’’ component, but

more often than not, the surface epithelium is ulcerated and

lost due to the neoplastic growth.

ESSPA are frequently associated with bone invasion or

involvement, a function of their anatomic site rather than

necessarily biologic aggression. Necrosis can also be seen

in about 25% of cases. When present, other histologic

features would need to be used to help separate the tumor

from other lesions in the differential diagnosis. A richly-

vascularized stroma is a common finding, separating the

tumor nests into a variety of different patterns of growth.

However, many cases show a heavily collagenized and

sclerotic fibrosis. The neoplastic cells are often difficult to

see in this pattern of growth. Therefore, when evaluating

samples from the sphenoid sinus that seem to be ‘‘fibrosis

only,’’ careful high-power examination should be

performed in order to make certain isolated neoplastic cells

are not entrapped in the fibrosis. Invariably, small collec-

tions of neoplastic cells are present, but only discovered

after diligent high-power review. Immunohistochemistry

studies could be performed to highlight the cells, realizing

that both a keratin and neuroendocrine marker would need

to be performed to make certain the cells are captured.

Perineural and lymph-vascular invasion were not identified

in these tumors. This is a very helpful feature in the dif-

ferential diagnosis, especially when one considers that

significant lymph-vascular invasion and midline destruc-

tion can be caused by other tumors in the differential

diagnosis.

Whenever there are many patterns of growth within a

tumor, a neuroendocrine neoplasm should quickly rise to

the top of the differential diagnostic considerations. While

one pattern may dominate, there are usually several dif-

ferent patterns of growth in a pituitary adenoma. Even

though described as ‘‘solid,’’ there is still a very rich, albeit

delicate fibrovascular stroma separating the tumor into

smaller nests or islands. A true ‘‘lobular’’ pattern is not

usually appreciated. Pseudorosettes, especially as they are

Fig. 11 Left Profound nuclear

pleomorphism within this

tumor. Right upper Tumor cell

multinucleation was a common

feature. Right lower Prominent

nucleoli are seen in cells that

have granular to eosinophilic

cytoplasm and interspersed

inflammatory cells
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arranged around vessels in a palisaded appearance, are seen

in about one-third of cases. The glandular architecture,

with a lumen, can cause some diagnostic difficulty.

Secretions or concretions may also be seen. However, this

is usually an isolated finding, and not one that is dominant.

In general, the tumors have a low to moderate cellularity.

This means there is quite a bit of space between nuclei of

the neoplastic cells: at least the width of two nuclei or at

least the nuclei are approximating one another. When there

is nuclear overlapping and crowding, then a high cellularity

is identified (but this was not common among our cases).

Again, in this setting, the differential diagnoses need to be

carefully considered and excluded.

Most tumors contained small polygonal to plasmacytoid

cells with a low nuclear to cytoplasmic ratio and ample

cytoplasm surrounding the nuclei. The Golgi space adja-

cent to the nucleus was frequently easy to see, helping to

suggest the neuroendocrine nature of the lesion. Although

quite variable throughout a tumor, a delicate salt-and-

pepper nuclear chromatin distribution was present. A del-

icate, even nuclear chromatin distribution with focally

vesicular change was also noted. When the chromatin was

open, nuclear grooves and folds became easier to detect.

Nucleoli were usually inconspicuous to small. Large,

irregular nucleoli were uncommon, and when present,

suggested other tumors in the differential diagnosis. When

the cells were smaller, a more hyperchromatic appearance

was seen. Intranuclear cytoplasmic inclusions were iden-

tified in the majority of cases. This finding can also be seen

in mucosal melanoma and meningioma, but in general the

other histologic features are quite different and so the

appearance of this feature can aid in correct diagnosis.

Fibrous bodies in the cytoplasm were detected in three

cases, but were not specifically correlated to a tumor type

(prolactin; multiple hormones). Tumor multinucleation was

also frequent. Tumor giant cell formation could be seen too

(endocrine organ atypia), but the multinucleation of several

small nuclei is different from several other tumors in the

differential diagnosis. Finally, mitoses were usually

inconspicuous, infrequent, and never atypical. Therefore,

when evaluating a sphenoid sinus tumor, the lack of

mitoses or identification of only isolated mitoses may help

in making an accurate diagnosis.

There are approximately 14 recognized primary pitui-

tary adenoma subtypes, with a very specific morphologic,

immunohistochemical, ultrastructural and biologic classi-

fication scheme [47]. More recent classifications separate

tumors based on symptoms and blood hormone levels,

neuroimaging and intraoperative data, tumor size, histo-

logic criteria, immunohistochemistry, and ultrastructure

[49, 52]. Furthermore, many immunohistochemistry

markers obviate the need for ultrastructural examination,

except in the most unusual of circumstances [3]. Therefore,

in general, tumors are separated into ‘‘functional’’ and

‘‘non-functional’’, with additional separation into specific

families based on immunohistochemistry findings, while

the terms ‘‘microadenoma’’ and ‘‘macroadenoma’’ are

employed if the tumors are\1 or[1 cm, respectively. The

non-functioning tumors are referred to as ‘‘silent’’ adeno-

mas, and encompass all six hormones normally produced

by the adenohypophysis (GH, TSH, PRL; ACTH; FSH,

LH). Again, the term ‘‘silent’’ should only be accurately

applied when a full work-up (clinically and biochemically)

is negative—perhaps difficult for a pathologist to assess at

the original diagnosis.

Given the wide variety of classifications employed, a

modification is presented to categorize ESSPA (Table 8).

Although a new classification scheme cannot possibly be

suggested without pituitary transcription factor evaluation in

addition to other ancillary studies, this model may be useful

in future classifications of these tumors. In this system,

tumors are classified as functional and nonfunctional.

Functional tumors are defined by symptoms related to a

specific hormone production, or evidence of serologic hor-

mone elevation. Nonfunctional tumors are defined as not

producing serologic hormone elevation, but producing

immunohistochemical evidence of a specific hormone. Then

the tumors are separated into specific families based on

Table 5 Immunohistochemistry results

Antibody Number of cases

with positive reactions

Cytokeratin (Pan-keratin) 22/28 (79%)

CK7 0/8 (0%)

CK5/6 0/8 (0%)

CAM5.2 11/18 (61%)

Synaptophysin 29/30 (97%)

CD56 10/11 (91%)

NSE 13/17 (76%)

Chromogranin 17/24 (71%)

CD99 4/10 (40%)

Ki-67 (\3% proliferation) 13/13 (100%)

S100 protein 1/15 (6.7%)

Prolactin 13/22 (59%)

Follicle stimulating hormone 9/19 (47%)

Luteinizing hormone 7/19 (37%)

ACTH 6/18 (33%)

Thyroid stimulating hormone 5/17 (29%)

Growth hormone 5/19 (26%)

Calcitonin 2/10 (20%)

No polypeptide by hormone studies 4/21 (19%)

Single polypeptide 7/21 (33%)

Multiple polypeptides 10/21 (48%)
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similarities of histologic appearance, immunohistochemis-

try, or ultrastructural features. When more than one hormone

is produced, excluding the combination of PRL and GH

(which is given a specific designation based on laboratory

findings), then the tumor is placed in the ‘‘unclassified, plu-

rihormonal adenoma’’ category. For the combined PRL and

GH producing adenomas, they are separated into nonfunc-

tional and functional, with the latter further separated into

lactotroph or mammosomatotroph group depending on

which serologic value dominates clinically. Tumors which

were tested for all six hormones and were negative were

referred to as unclassified, silent adenomas. However, this is

not a true ‘‘null-cell’’ category. It is well-known that current

pituitary transcription factors can be employed in these cases

to yield a specific subtype when other techniques have failed.

However, in this retrospective review study with only limited

material, definitive classification could not always be

reached. As can be seen from the cases in this study com-

bined with the literature, the majority of cases fell into the

GH-Prolactin-TSH family of adenomas, with two-thirds

functional and one-third clinically silent. The next largest

group were the unclassified adenomas, with plurihormonal

adenomas (n = 12) and silent adenomas (n = 13) com-

prising this group (see explanation above). Similar to intra-

sellar primaries, prolactinomas and unclassified silent

adenomas are the most common subtypes [3, 48, 49]. Even

though we only had a single child in the series, this ESSPA

was a corticotrophinoma, known to be the most common

pituitary tumor in pre-pubertal children [2, 48].

Immunohistochemical Studies

In general, the immunohistochemistry profile of ESSPA is

identical in distribution and pattern to their intrasellar

counterparts. It is most important to realize that the eval-

uation of ESSPAs is nearly always driven by the differ-

ential diagnosis with other tumors of this area. Therefore, a

primary pituitary hormone panel, to include pituitary

transcription factors, is not usually performed up-front. It is

not the intention of this paper to suggest that a more

thorough evaluation of these ectopic tumors not be

undertaken by performing these additional studies. The

thrust of this description is to make sure that a diagnosis of

pituitary adenoma is rendered instead of the other

Fig. 12 Cytokeratin could be

seen as a diffuse, cytoplasmic

reaction of a ‘‘fibrous body’’

type (left) or producing a

delicate ‘‘dot-like’’ perinuclear

(Golgi) pattern (right)
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diagnoses in the differential. A variety of neuroendocrine

markers can be used, with synaptophysin and CD56 pro-

viding the most sensitive results. Chromogranin and NSE

are positive in 70.8 and 76.5%, respectively. There was

only 1 case in which NSE and chromogranin were reactive

in which synaptophysin was negative (all hormones were

also negative in this case); and there was 1 case that was

negative with CD56, that was positive for synaptophysin

and NSE, while negative for chromogranin and all hor-

mone markers. Therefore, when evaluating a tumor which

may represent an ESSPA, the neuroendocrine markers

should include synaptophysin and CD56.

The tumors generally showed a keratin reaction, with

pan-keratin reactive in 78.6%, increased to 85.8% if

CAM5.2 was also performed. The presence of a Golgi dot-

like pattern in 45% of cases was an additional helpful

feature in the diagnosis, since most of the tumors in the

differential diagnosis do not usually show this pattern of

reaction. There is no reaction with CK5/6 or CK7, findings

that are most helpful in the differential diagnosis. Likewise,

S100 protein was negative in nearly all cases tested. There

was neither sustentacular arrangement (as would be seen in

olfactory neuroblastoma) nor a diffuse cytoplasmic reac-

tion (as expected in mucosal melanoma).

It is difficult to specifically give guidance on the pitui-

tary hormones to evaluate, since they should all be tested in

an ideal setting to give a correct classification based on the

proposed system in Table 8. Prolactin is the most fre-

quently identified hormone, but GH, ACTH, LH, FSH, and

TSH are all variably present. It is important to note that

more dilute antibody titers may decrease the perceived

plurihormonal results. By this we mean, if the concentra-

tion of the FSH and TSH were decreased (made more

dilute), it is possible that the analyte would not be detected.

Therefore, the monoclonal antibody used and dilution are

critical in interpretation. If more than one hormone is

identified when the six have been tested, then the classifi-

cation system allows for a specific subclassification. In

many cases, the patient symptoms or serologically elevated

hormone levels dictated which immunohistochemistry to

perform on the tumor. However, it is important to note that

serologic elevation of a hormone may not be the only

hormone identified in the tumor by IHC. Therefore, it is

prudent to perform the battery of pituitary hormone studies

Fig. 13 Neuroendocrine

markers were positive, showing

a variety of different patterns:

Strong diffuse cytoplasmic

reaction with synaptophysin

(note negative surface

epithelium; left upper); a Golgi

accentuation could also be seen

(left lower); Chromogranin

showing a granular strong to

moderate cytoplasmic reaction

(right upper) or a membranous

accentuation (right lower)
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for exact classification and potential management deci-

sions. Specifically, pituitary transcription factors, such as

Pit-1, T-pit, SF-1, ER-a, and GATA-2 can be performed to

help yield a specific classification. Needless to say, since

many of the cases in this series did not have sufficient

material to perform these studies, there is, no doubt, a

significant number which are placed in the ‘‘null-cell’’ or

‘‘silent’’ category that would otherwise have been placed

into a specific classification were material available.

The finding of calcitonin is unique. Laryngeal neuro-

endocrine tumors are known to express calcitonin [53].

However, pituitary neoplasms are not known to produce

calcitonin. A calcitonin gene-related peptide or m-CEA

could not be performed to confirm this finding.

Differential Diagnosis

ESSPA is a very commonly misdiagnosed tumor. In 22 of 25

cases in which a diagnosis was postulated by the contributing

pathologist, the diagnosis was incorrect. The most frequent

misclassification was olfactory neuroblastoma, followed by

neuroendocrine carcinoma (NEC), sinonasal undifferentiated

carcinoma (SNUC), melanoma, meningioma, nasopharyn-

geal carcinoma, paraganglioma, metastatic ‘‘carcinoid’’

(submitted diagnosis), and lymphoma. The pattern of growth

and immunohistochemistry findings would immediately

eliminate lymphoma from further consideration.

Olfactory neuroblastoma (ONB) is a neuroectodermal-

derived neoplasm, which is the most commonly misdiag-

nosed category for ESSPA. Clinically, nearly all of the

tumors are hormonally silent, with non-specific clinical

signs and symptoms. By imaging studies, the tumors are

centered within the ethmoid sinus, nearly always involving

the cribriform plate. The tumors show a significant intra-

cranial expansion in many cases, giving a ‘‘dumb-bell’’

shaped tumor mass across the cribriform plate. The tumors

are typically arranged in a lobular configuration (although a

lobular and diffuse pattern can be seen), showing pseud-

orosettes or true rosettes in about 30% of all cases. There is

often a neural matrix background. The lesional cells are

usually small with scant cytoplasm. The nuclei may show a

salt-and-pepper nuclear chromatin distribution. Nucleoli

are inconspicuous and mitoses are rare in the low-grade

tumors. While high-grade tumors may present a more

Fig. 14 Left CD56 usually

produced a strong, diffuse,

membranous reaction in the

tumor cells. Right NSE showed

a variable reaction, although it

was usually a granular

cytoplasmic reaction
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difficult diagnosis, low-grade tumors are usually quite

straight forward. The tumor cells are reactive with neuro-

endocrine markers, including synaptophysin, chromogra-

nin, NSE, and CD56. However, there is a delicate S100

protein sustentacular supporting framework reactivity. It is

known that pituitary adenoma within the sella can show a

sustentacular reaction with S100 protein due to folliculos-

tellate cells, which are modified glial cells [54]. However,

this is an uncommon phenomenon. Keratins are negative in

95% of ONB cases. When keratin is reactive, it is limited to

isolated cells and is not in a dot-like distribution. The

specific anatomic site, lobular architecture, and unique

immunohistochemical profile should allow for an accurate

separation [55–58]. The distinction from ESSPA is

important, since the management for ONB may involve

major, destructive bi-craniofacial surgery (trephination)

and possible additional potentially toxic radiotherapy and/

or chemotherapy, with a very different prognosis. Endo-

scopic management is used in some cases, but surgery is

still the main treatment.

As a group of tumors, neuroendocrine carcinoma (NEC)

of the sinonasal tract are very poorly understood and

classified. Without going into an extensive discussion of

this group of lesions, small cell carcinoma, neuroendocrine

type (SCCNET) and large cell undifferentiated neuroen-

docrine carcinoma (LCUNC) generally present in the upper

nasal cavity with maxillary and ethmoid sinus involvement.

Patients often present with epistaxis. There is generally a

destructive pattern of growth. Histologically, either tumor

usually has a very high grade appearance, showing nuclear

molding, smudging and crush artifact. The appearance is

similar to histologic counterparts in the lung. There are

many mitoses, including atypical mitoses. There is no

neurofibrillary matrix material. These tumors express ker-

atin in a dot-like pattern, and have neuroendocrine marker

reactivity; however, specific pituitary peptide markers are

not present, with rare exceptions showing ACTH and

antidiuretic hormone. While ESSPA may have pleomor-

phism, the pattern of growth and destruction is not the

same as NECs. Furthermore, NEC will frequently have

metastatic disease at presentation, with an associated high

mortality rate. The separation is obviously important, as the

patient management with combination radiation and che-

motherapy, combined with their toxic side effects and

Fig. 15 Left Prolactin, when

detected, usually yielded a

strong reaction. Right Isolated

tumor cells stained for specific

peptides would look like this

case of an ACTH reaction
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dismal outcome is remarkably different [29, 58, 59].

Metastatic neuroendocrine tumors (previously used to

include carcinoid) may be considered in the differential

diagnosis, but in general, these tumors will have increased

mitoses, a high proliferation index, a known history of a

primary tumor elsewhere, and would probably not have

pituitary hormone expression. We hasten to add, however,

that inappropriate expression of selected pituitary hor-

mones (ACTH, CRH, GHRH) can be seen in neuroendo-

crine tumors from other body sites, and so this differential

may require additional clinical and imaging correlation. A

variety of tumors in the sinonasal tract can co-express

neuroendocrine markers, including sinonasal adenocarci-

nomas, sinonasal undifferentiated carcinoma, melanoma,

and desmoplastic round cell tumor, among others. How-

ever, it is always important to realize that positive neuro-

endocrine markers in a tumor do not always confer upon

the tumor a different diagnosis or a different diagnostic

category. Melanomas are known to express neuroendocrine

markers since melanocytes are of neural crest origin, while

sinonasal undifferentiated carcinoma may also show

immunophenotypic heterogeneity and plasticity along with

lineage infidelity. Therefore, strict adherence to histologic

criteria, focused immunohistochemical evaluation that may

encompass several overlapping markers, with targeted

molecular studies should help to keep categories more pure

and reproducible.

Paraganglioma of the sinonasal tract is a vanishingly

rare neoplasm, with only isolated cases reported. They

would be keratin negative, similar to a few ESSPA cases.

The zellballen architecture would be highlighted by an

S100 protein reaction, a feature not seen in ESSPA. Fur-

thermore, paraganglioma would be positive with tyrosine

hydroxylase, while negative for both pituitary hormones

and pituitary transcription factors [60–62].

Sinonasal undifferentiated carcinoma (SNUC) presents

with a rapid clinical onset of obstruction, epistaxis, prop-

tosis, facial pain and CN involvement. The imaging fea-

tures demonstrate extensive infiltration of many different

sites within the sinonasal tract, resulting in significant

destruction. The tumors are not usually centered on the

sphenoid sinus. The tumors are high grade neoplasms,

perhaps showing surface dysplasia or carcinoma in situ.

The cells are generally large, showing a high nuclear-to-

cytoplasmic ratio and variable amounts of poorly-defined

cytoplasm. The nuclei range from hyperchromatic to

vesicular, with variably present nucleoli. Mitoses are

greatly increased and include atypical forms. Confluent

tumor necrosis is usually easily seen. Lymph-vascular and

perineural invasion is seen in most cases. Rosettes and

neurofibrillar matrix are absent, as are areas of squamous or

glandular differentiation. These tumors are strongly posi-

tive with pan-cytokeratin and CK7, while non-reactive with

CK5/6 and CK13. Occasional cases may show neuroen-

docrine markers (such as chromogranin, synaptophysin,

CD56 or CD57), but reactivity is usually weak and limited.

Pituitary hormone and transcription factors are negative

[63–66]. Again, the management with multimodality ther-

apy is very different from the management for ESSPA,

with a very different prognosis and outcome.

Mucosal malignant melanoma (MMM), when it is non-

pigmented, may present with a pattern of growth similar to

Table 6 Patient outcome

All patients A, NED D, NED D, D

All patients with follow-up (years) 29 (10.2) 16 (10.5) 12 (10.6) 1 (0.8)

Follow-up range (years) 0.8–32.7 0.9–26.5 0.9–32.7 0.8

Gender

Males (mean, years) 15 (9.3) 7 (15.0) 7 (4.8) 1 (0.8)

Females (mean, years) 14 (11.1) 9 (6.9) 5 (18.6) N/A

Size* 26 (11.0) 14 (11.3) 12 (10.6) N/A

\4.0 cm 15 (10.1) 9 (13.1) 6 (5.7) N/A

C4.0 cm 11 (12.2) 5 (8.4) 6 (15.4) N/A

Anatomic site

Sphenoid sinus alone 16 (4.9) 8 (5.6) 7 (4.5) 1 (0.8)

Sphenoid and nasal cavity 4 (10.2) 2 (10.2) 2 (10.2) N/A

Sphenoid and nasopharynx 9 (19.6) 6 (16.9) 3 (24.8) N/A

Recurrence or persistence

Present 4 (2.1) 2 (3.3) 1 (0.9) 1 (0.8)

Absent 25 (11.5) 14 (11.5) 11 (11.4) N/A

A, NED alive, no evidence of disease; D, NED dead, no evidence of disease; D, D dead with persistent disease; N/A not applicable

* Size was not reported in all cases
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pituitary adenoma. However, MMMs are usually large

tumors centered within the nasal cavity or paranasal sinu-

ses, usually not presenting with sphenoid sinus tumor only.

The tumors are very cellular, show a remarkable variety of

growth patterns and may have necrosis. The presence of

intranuclear cytoplasmic inclusions, prominent nucleoli,

plasmacytoid growth, and tumor cell multinucleation may

give findings similar to an ESSPA. However, the applica-

tion of the selected, pertinent immunohistochemistry panel

would help with separation, as melanoma will show S100

protein, HMB-45 or Melan-A reactivity, while negative

with keratins and pituitary hormones or transcription fac-

tors, and nearly always negative for neuroendocrine

markers (chromogranin, synaptophysin, CD56) [58, 67].

A meningothelial pattern is not seen in ESSPA, but the

presence of intranuclear cytoplasmic inclusions, a sheet-

like to packeted growth, and isolated psammoma calcifi-

cations can raise the differential diagnosis of meningioma.

However, meningioma is usually positive with EMA and

CK7 (in a pre-psammoma body like pattern), while nega-

tive with neuroendocrine and pituitary hormone markers

[68, 69].

Nasopharyngeal carcinoma (NPC) may be raised in the

differential diagnosis of ESSPA with nasopharyngeal

extension. The syncytial epithelial architecture, especially

when the inflammatory element is prominent, is not a

pattern seen in ESSPA. Occasionally, the epithelioid

appearance with prominent nucleoli may result in incorrect

diagnosis. However, NPC are strongly immunoreactive

with pan-cytokeratin, CK5/6, p63, and nearly all cases are

reactive with Epstein Barr virus-encoded RNA (EBER).

There is a lack of neuroendocrine tumor markers as well as

pituitary hormones [70].

In summary, the following considerations will greatly

aid in the appropriate classification of ESSPA: (1) The

anatomic site: Sphenoid sinus. As soon as the anatomic site

is known, ectopic pituitary adenoma must be considered

and actively excluded; (2) Imaging findings: The specific

location and presence or absence of pituitary gland or

sphenoid sinus involvement will help. Specifically, there is

a lack of significant nasal cavity destruction; (3) The his-

tologic appearance shows a variety of patterns of growth,

nearly always associated with a very delicate fibrovascular

stroma. Necrosis can be seen, and should not dissuade from

the diagnosis. The presence of intranuclear cytoplasmic

inclusions, tumor multinucleation, isolated pleomorphism,

and a plasmacytoid appearance can considerably narrow

the differential diagnosis; (4) The immunohistochemistry

evaluation must include pan-keratin, a couple of neuroen-

docrine markers (synaptophysin and CD56), S100 protein,

and then, depending on these results, a panel of pituitary

hormone markers and/or transcription factors. Finally, in

selected cases only where the tumor is a true ‘‘null-cell’’

Table 7 Combination of current study patients with literature review

cases

Characteristics Ectopic pituitary

adenoma total:

n = 75a

Gender

Women 43

Men 32

Age (in years)

Range 2–84

Mean 53.8

Women (mean) 53.1

Men (mean) 54.7

Symptom duration (in months)b

Range 1–360

Mean 48.8

Women (mean) (p = 0.093) 65.3

Men (mean) 28.0

Symptoms at presentationb,c

Obstruction, sinusitis, rhinorrhea, discharge,

drainage

26

Headache and pain 21

Visual disturbances (diplopia, acuity loss, blurring) 14

Cushing symptoms (bruising, hypertension,

acne, facial hair, weakness)

11

Acromegaly 8

Asymptomatic 6

Impotency 4

Nerve changes 4

Amenorrhea and/or galactorrhea 3

Epistaxis 3

Mass 3

Balance 2

Size (in cm)b

Range 0.5–8.0

Average 2.9

Males (p = 0.312) 3.2

Females 2.7

Hormone present by immunohistochemistryb

Null type 13

Multiple hormones 12

Prolactin aloned 23

ACTH aloned 15

GH alone 7

All patients with follow-up (n = 52) (mean years of survival)a

Follow-up range 0.03–32.7

Alive or dead, no evidence of disease (n = 45) 7.3

Alive or dead, with disease (n = 7) 0.7

a This table includes the current reported cases in combination with the

literature
b Parameter was not stated in all cases
c Patients may have experienced more than one symptom
d All hormones were not tested in selected cases, so parameter may be

overstated
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neoplasm, without hormone or transcription factors pres-

ent, electron microscopy can be used to disclose the spe-

cific features seen in true silent pituitary adenomas, such as

silent subtype III adenomas and acidophil stem cell

adenomas.

Treatment and Prognosis

Surgical removal is the treatment of choice for ESSPA.

Specifically, during surgery additional evaluation of the

roof of the sinus and the sella turcica can be performed to

help guide additional management. Margins are not usually

assessed for these tumors, since they are usually removed

in pieces. Various medical therapies have been employed,

with bromocriptine (a dopamine agonist) used most fre-

quently for PRL secreting tumors, effectively reducing

their size [4]. However, medical management is not a cure,

with drug effects identified only while medical therapy is

ongoing. Therefore, when medication is stopped, the tumor

may regrow. Therefore, if a dopamine agonist is employed,

it should be continued for the patient’s life [46]. There are

potential benefits of initial medical therapy in an attempt to

reduce the size of the tumor, but frequently the pre-oper-

ative diagnosis is not correct, limiting medical therapy to

the post-operative setting.

Radiotherapy has been employed for these tumors in

selected cases. Radiation was used in five patients in this

series: 3 at the time of initial diagnosis, and 2 at the time of

recurrence. There are well-known risks of radiation to this

area, including macular ischemia, vasculopathy and even

optic neuropathy. Furthermore, radiotherapy is not very

effective in tumor control for tumors of the pituitary fossa

[50], and so likewise, is probably not effective in ectopic

foci either. Therefore, in selected cases, if the tumors are

large or incompletely excised, post operative radiotherapy

may be indicated for tumor control, although not cure [4].

Conclusion

ESSPA are exceedingly rare neoplasms. It is imperative in

any tumor removed from the sphenoid sinus that careful

consideration should be given to ectopic pituitary adenoma.

Specifically, the exact anatomic site should be identified

(not just ‘‘sinus’’), the imaging findings reviewed, the

clinical findings related to possible hormone excess iden-

tified, and selected but pertinent immunohistochemistry

evaluation be performed to confirm the diagnosis. The

tumors are benign without a metastatic potential. It is most

important to render the correct diagnosis for this benign

tumor in order to avoid the significant morbidity associated

with treatments employed for several of the other tumors in

the differential diagnosis.
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