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Abstract Neurofibroma (NF), a benign peripheral nerve

sheath tumor, is very uncommon in the sinonasal tract,

with only a few reported cases in the English literature.

Cases within the files of the authors’ institutions confined

to the sinonasal tract were compared to cases reported in

the English literature (Medline 1966–2014). The 12

patients included 6 females and 6 males, aged 26–75 years

(mean 46.2 years). The patients usually presented clini-

cally with a mass lesion (n = 11), obstruction (n = 4) or

pain (n = 3), with an average symptom duration of

42.9 months. Two patients had neurofibromatosis (NF1).

Tumors involved the nasal cavity alone (n = 8), maxillary

sinus alone (n = 2), or mixed sites (n = 2), with a range

of 0.4–4.1 cm (mean 2.2 cm). The tumors were circum-

scribed, composed of spindled to wavy cells with curvi-

linear nuclei set in a background of collagenized stroma

and mast cells. Nuclear palisading and perivascular

hyalinization were not seen. Mitoses were scant.

Pleomorphism, necrosis and increased cellularity were

absent. By immunohistochemistry, the lesional cells were

S100 protein, SOX10 and NFP positive, while CD34

highlighted the perineurium. INI1 was intact, with strong

nuclear expression in all cases. All patients had surgical

excision without recurrence (mean follow-up 8.6 years).

The principle differential diagnoses include schwannoma,

perineurioma, fibromatosis, and solitary fibrous tumor. NF

of the sinonasal tract occurs in middle-aged patients

without a gender predilection, usually with non-specific

symptoms present for a long duration. Tumors are rela-

tively large (mean 2.2), and usually affect one site only.

Surgery is curative, with only 16.7 % NF1 associated.

S100 protein, SOX10 and NFP highlight the Schwann

cells, with CD34 highlighting the perineural fibroblasts.

Keywords Neurofibroma � Sinonasal tract � Peripheral
nerve sheath tumor � NF1 � Immunohistochemistry

Introduction

Benign peripheral nerve sheath tumors are a relatively rare

tumor arising primarily within the sinonasal tract and

paranasal sinuses. Generally separated into schwannoma

and neurofibroma (NF), NF are a benign tumor arising in

intimate association with a peripheral nerve trunk, devel-

oping from Schwann cells, perineurites, and blended with

fibroblastic cells. This benign tumor is usually a solitary

lesion, although multiple tumors are seen more often in

patients affected by neurofibromatosis 1 (NF1). NF are

frequently considered within the differential diagnosis of

other spindle cell tumors of the sinonasal tract (SNT). We

undertook this study in order to more completely define the
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clinical, histologic, and immunophenotypic features of NF

of the sinonasal tract with a comparison to cases reported

in the English literature.

Materials and Methods

Twelve patients with sinonasal tract neurofibroma were

identified in the files of the Departments of Pathology

within Southern California Permanente Medical Group and

Johns Hopkins Medical Institutions between 1997 and

2013 (Tables 1, 2). Materials were supplemented by a

review of the patient demographics (gender, age); symp-

toms at presentation (including duration); and past medical

history (specifically, NF1 history). In addition, we

reviewed surgical pathology and operative reports and

obtained follow-up information from the treating physician

or the patient. Follow-up data included the exact location,

size, treatment modalities, and current patient and disease

status. Hematoxylin and eosin (H&E) stained slides from

all cases were reviewed for morphologic assessment of the

established diagnostic criteria for neurofibroma. This

clinical investigation was conducted in accordance and

compliance with all statutes, directives, and guidelines of

an internal review board authorization (#5968) performed

under the direction of Southern California Permanente

Medical Group and the Code of Federal Regulations, Title

45, Part 46.

Immunophenotypic analysis was performed by a stan-

dardized BenchMark-XTTM method employing 4 lm-

thick, formalin fixed, paraffin embedded sections. Table 3

documents the pertinent, commercially available immu-

nohistochemical antibody panel used. When required,

cellular conditioning for antigen retrieval was performed

by various standardized retrieval techniques, as stan-

dardized and validated in our laboratory. Standard posi-

tive controls were used throughout, with serum used as

the negative control. The antibody reactions were

described as either positive or negative; nuclear, cyto-

plasmic, membranous or combination; and a percentage

reported for the Ki-67 antibody. Standard positive con-

trols were used throughout, with serum used as the neg-

ative control.

A review of the English literature between 1966 and

2014 was performed. Clinical series of ‘‘head and neck soft

tissue tumors’’ were selected if critical information about

sinonasal tract neurofibroma were included (Table 4) [1–

14]. Foreign language articles were only included if they

were published alongside an English translation. Many

articles with limited or lacking information, no histologic

illustrations, confusing histology descriptions or duplicate

publications were excluded [4, 5, 15–42]. T
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Results

Patient Demographics and Clinical Presentation

The patients included 6 females and 6 males, whose ages

ranged from 26 to 75 years of age, with a mean of

46.2 years. Patients presented clinically with a mass lesion

(n = 12), along with obstruction (n = 3), pain (n = 3) and

epistaxis (n = 2). The duration of symptoms ranged from 1

to 240 months, with a mean of 42.9 months, without any

difference between the genders. Tumors affected the right

(n = 7) or left (n = 5), without any bilateral cases.

Curiously, left-sided tumors had a shorter mean duration

of symptoms (18.3 months) than right-sided tumors

Table 2 Summary of case series of sinonasal tract neurofibroma

Characteristic Number [n = 12]

Gender

Females 6

Males 6

Age (years)

Range 26–75

Mean 46.2

Median 45

Female (mean) 45.5

Male (mean) 46.8

Symptom duration (months)a

Range 1–240

Mean 42.9

Female patients (mean) 50.8

Male patients (mean) 33.4

Left (mean) 18.3

Right (mean) 57.0

Anatomic sidea

Left 5

Right 7

Anatomic sitea

Nasal cavity only 8

Maxillary sinus only 2

Mixed site 2

Size (cm)a

Range 0.4–4.1

Mean 2.2

Median 2.1

Female (mean) 1.9

Male (mean) 2.4

Left (mean) 2.2

Right (mean) 2.1

Patient follow-up (mean, years)a

Alive, no evidence of disease (n = 10) 8.6

a Not reported for all cases
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(57 months), but this was not statistically significant

(p = 0.432).

Treatment and Follow-Up

All patients were treated surgically, with or without com-

plete removal of the lesion. Of these patients, 10were alive at

last follow-up without evidence of local or recurrent disease

or disease progression (malignant transformation), with a

mean follow-up of 8.6 years (range 0.8–17.1 years; median

9.9 years). The two patientswithNF1were lost to follow-up.

Pathology

Macroscopic Features

The tumors affected the nasal cavity alone (n = 8), with

the nasal vestibule the most common subsite (n = 5). Two

tumors affected only the maxillary sinus, while the

remaining two affected more than one site (nasal cavity and

maxillary sinus; maxillary sinus and infratemporal fossa;

Fig. 1). The majority of lesions were received as multiple,

irregular fragments, described as soft or firm, white, tan-

pale, lesions. The excised specimens measured 0.4–4.1 cm

in greatest dimension (Table 2), with a mean of 2.2 cm,

without any gender or side differences. The largest tumors

(4.1 cm, nasal cavity; 3.8 cm, maxillary sinus) did not

involve multiple or contiguous sites.

Microscopic Features

The tumors were identified below an intact squamous or

respiratory mucosa (Fig. 2). There was no encapsulation or

well formed periphery. Nerve twigs were identified within

the tumor as residual axons, primarily at the periphery

(Fig. 2), but also noted within the proliferation. The le-

sional cells were arranged in irregular interlacing fascicles,

bundles or single spindled cells (Fig. 3). The cells were

separated by variable proportions of coarse collagen bun-

dles, which give the characteristic ‘‘shredded carrot’’

appearance (Fig. 4). A myxoid to loose connective tissue

stroma was seen in most cases, with a mucopolysaccharide-

Table 4 English literature review of sinonasal tract neurofibroma

cases (1–14)

Characteristic Number [n = 24]

Gendera

Females 11

Males 12

Age (years)

Range 6–69

Mean 46

Median 45

Female (mean) 47

Male (mean) 48.6

Symptom duration (months)a

Range 1–108

Mean 24.4

Female patients (mean) 11.6

Male patients (mean) 26.2

Left (mean) 9.8

Right (mean) 31.8

Bilateral (mean) 9

Lateralitya

Left 8

Right 14

Bilateral 2

Syndrome associated (NF1) 2

Anatomic sitea

Nasal cavity alone 15

Maxillary sinus alone 4

Frontal sinus alone 2

Mixed Sites 3

Size (cm)a

Range 1–6

Mean 3.8

Median 4

Female (mean) 4.1

Male (mean) 3.5

Left (mean) 3.5

Right (mean) 4.1

Bilateral (mean) 3.5

Patient follow-up (mean, years)a

Alive or dead, no evidence of disease (n = 20) 3.3

Alive, with disease (n = 1) 0.5

a Not reported for all cases

Fig. 1 A coronal computed tomography scan demonstrates a 3.5 cm

mass occupying the left nasal cavity, with focal extension into the

maxillary sinus. There is no bone destruction
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rich stroma. The cells were ovoid to spindled with wavy,

undulating to pointy nuclei surrounded by scant cytoplasm

(Figs. 4, 5). The cytoplasm shows thin processes or wisps

extending outward into the stroma. Perineurial cells cannot

be reliably identified on standard H&E stained slides.

Occasional Pacinian corpuscles could be seen, but well

developed Wagner–Meissner bodies or even pseud-

omeissnerian corpuscles were not prominent. Mast cells are

seen throughout the proliferation. Nuclear pleomorphism

was not a conspicuous feature, although isolated nuclear

Fig. 2 a An intact squamous

epithelium (vestibule skin) is

noted overlying an

unencapsulated NF. b A nerve

twig (lower right) is seen at the

periphery of this NF

Fig. 3 a There are irregular

interlacing fascicles and bundles

of spindled cells separated by

collagen bundles. b Small

whorls are noted giving the

impression of

pseudomeissnerian corpuscles

in this NF
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enlargement was noted. Two tumors showed a more tor-

tuous multinodular appearance with slightly increased

matrix material, features associated with plexiform NF

(Fig. 6). Nerve fibers were noted within enlarged fascicles

that had significant myxoid stroma. One tumor showed a

mixture of Schwann cells arranged in Verocay bodies with

focal perivascular hyalinization along with the more hap-

hazard distribution seen in the remaining tumor, suggesting

Fig. 4 a Dense collagen fibrils

can be seen separating these

Schwann and perineurial cells.

b More of a haphazard

arrangement to these Schwann

and perineurial cells and

fibroblasts. Note the mast cells

(arrows)

Fig. 5 a The nuclei are wavy

with pointy edges arranged in a

syncytium. b Small bundles of

nuclei and cytoplasm give the

appearance of Wagner–

Meissner bodies, but they are

not well formed or classical

(pseudomeissnerian corpuscles)
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a composite of schwannoma and neurofibroma (Fig. 6).

Epithelioid cells, skeletal muscle and glandular epithelium

were not identified. Pigmentation (melanin) was not

identified. Finally, in comparison to malignant peripheral

nerve sheath tumors, there was no increased cellularity, no

necrosis and[4 mitoses/10 high power fields was not seen.

Fig. 6 a The stroma is more

myxoid in this plexiform

neurofibroma, showing wavy

cells and nuclei within the

Schwann cell compartment.

b This area shows characteristic

features of a schwannoma, part

of a hybrid tumor

Fig. 7 S100 protein shows both

positive and negative cells,

highlighting the multicellular

components of a NF
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Immunohistochemical Findings

The immunophenotypic findings are reported in Table 3.

The various components of the tumors, including Schwann

cells, perineurial cells and fibroblasts, stain to a variable

degree with the various markers tested. Subpopulations

were positive with S100 protein (Fig. 7), GFAP, CD34

(Fig. 8) and bcl-2 (Fig. 9), while SOX10 (Fig. 9), NFP and

Fig. 8 CD34 yielded several

different patterns: a a strong

intercellular pattern highlighting

the neurial-like and fibroblastic

cells; b highlighting the nerve

twigs within the proliferation;

c the staining outlines the

pseudomeissnerian corpuscles

Fig. 9 The various cellular

compartments were highlighted

with a calretinin staining rare

cells and mast cells, b an intact

INI1, c bcl-2, and d SOX10
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calretinin (Fig. 9) highlighted the axons. CD34 often

highlighted nerve twigs and pseudomeissnerian corpuscles

(Fig. 8). b-Catenin showed a cytoplasmic reaction only;

there was an intact INI-1 (Fig. 9). EMA showed only focal

reactivity in one case. Other markers tested were negative.

Discussion

Benign peripheral nerve sheath tumors of the sinonasal

tract are quite uncommon, with Schwannoma seemingly

more frequent than NF [11, 29]. We could only find iso-

lated case reports of sinonasal tract NF in a review of the

English literature. Thought to arise from peripheral nerves,

NF are more common around the nasal vestibule than other

sites within the sinonasal tract. The nasal cavity alone is

most commonly affected (64 %), followed by the maxillary

sinus (17 %), or mixed sites. There is no gender predilec-

tion, with a mean age at presentation of 46 years. Patients

usually present with symptoms that have been present for

2–3 years duration, usually presenting with a mass lesion

that is often associated with obstruction, bleeding (epi-

staxis) or pain. The tumors show an overall mean of 3.1 cm

(a combination of this case series and the cases reported in

the literature), suggesting that they are quite slow growing

in light of the number of months of symptoms. The vast

majority of lesions are unilateral, although occasional

bilateral tumors can be seen [3, 8]. They tend to be solitary

when presenting in the sinonasal tract. In general, NF1

association is uncommon, although 4 of 36 total cases

(11.1 %) were syndrome associated, with these tumors

showing a plexiform histology. The syndrome associated

patients were 35 years old (mean age at presentation), with

one female and three males. Overall, only one patient

showed malignant transformation of a NF [11], although

malignant PNST (neurogenic sarcoma, malignant

Schwannoma) arising de novo or from schwannoma are -

well documented [19, 20]. Overall, for sinonasal tract NF

in general, the patients were alive without evidence of

disease at last follow-up without development of recur-

rence, with the exception of two patients [11, 12].

Pathologic Features

The histologic features of NF in the sinonasal tract are

morphologically identical to other sites. Curiously, none of

our cases nor those reported in the literature showed

glandular morphology, or had pigmentation (melanin),

findings reported in other anatomic sites. The tumors are

often associated with nerves, showing a centripetal distri-

bution of the unencapsulated tumor cells. The tumors show

a characteristic blending of Schwann cells, perineurial cells

and fibroblasts with collagen and myxoid stroma, along

with a few mast cells. There is generally a lack of pali-

sading, which is more common in schwannoma. The

Schwann cell nucleus tends to be more tear drop or ovoid,

curved at one end and pointed at the other. Retrogressive

changes are not usually a feature of neurofibroma, but are

seen in schwannoma. As Schwann cells can be seen in

schwannoma and neurofibroma, hybrid peripheral nerve

sheath tumors can be seen. The hybrid morphology may

include schwannoma, neurofibroma and/or perineurioma

[8, 12, 13]. These tumors show the characteristic features

of schwannoma with Antoni A and B patterns, Verocay

bodies, perivascular hyalinization along with areas of

cystic degeneration and histiocyte infiltrate. The areas of

neurofibroma could be plexiform type (associated with a

number of nerve twigs and a loose myxoid-like stroma) or

more characteristic with short wavy fascicles, perineurial

or stellate endoneurial cells, and fibroblasts with a collag-

enous background. The parallel arrangement of intercon-

nected cords of cells in a lace-like growth pattern can be

seen in perineurioma. Therefore, even though definitive

separation of schwannoma from neurofibroma and peri-

neurioma is desirable, a morphologic spectrum with over-

lap and blending between tumors can be seen.

Immunohistochemistry

The nuclei and cytoplasm of the schwannoma cells were

strongly and diffusely immunoreactive with S100 protein,

with weak and focal to patchy reactivity with GFAP,

SOX10 and bcl-2 in these same cells. SOX10 transcription

factor is expressed in Schwannian and melanocytic lin-

eages, along with myoepithelial cells. Therefore, the

expression in a subpopulation of tumor cells in this series,

highlights the Schwannian cell population. Bcl-2 is known

to be expressed in Schwann cells, although in general it has

been reported that malignant PNST tend to show a higher

percentage of cells positive and a stronger intensity of

staining [43]. As can be seen from the illustration (Fig. 9),

there is focal to diffuse positive staining with bcl-2 in this

clinical series. The CD34 highlights the fibroblasts, which

can be quite a dominant finding (as noted in several of our

cases), while also highlighting nerve twigs and giving an

outline around pseudomeissnerian corpuscles. Calretinin, a

calcium-binding protein is in the same family as S100

protein, is present in a diffuse and strong fashion in

schwannoma, while highlighting only isolated or rare cells

in NF, along with mast cells. Calretinin may help in sep-

arating between schwannoma and NF, since S100 protein is

positive in both tumors [44, 45]. Claudin-1 and GLUT-1

are well known to be observed highlighting perineurial

cells, especially along the cytoplasmic processes, and

would be expected to highlight these cells in sinonasal tract

NF [46, 47]. b-Catenin is a part of theWnt pathway, known
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to be dysregulated or deregulated in NF1. Interestingly, in a

different study, b-catenin was strongly expressed and

showed increased protein expression in NF1-silenced cell

lines, supporting the finding of b-Catenin expression by

immunohistochemistry [48].

None of the cellular compartments were positive with pan-

cytokeratin, smooth muscle actin, or CD117 (although mast

cellswere highlighted by the latter). INI-1was intact, showing

a strong and diffuse nuclear reaction in all of the tumors.

Differential Diagnosis

NF of the sinonasal tract is frequently misdiagnosed. The

most frequent misdiagnoses for the sinonasal tract neuro-

fibroma cases were (in order of frequency) schwannoma,

dermatofibrosarcoma protuberans, fibrosarcoma, meningi-

oma, leiomyoma, solitary fibrous tumor, leiomyosarcoma,

malignant fibrous histiocytoma, low-grade sinonasal sar-

coma with neural and myogenic features, proliferative

fasciitis, ‘‘inflammatory pseudotumor’’, fibromatosis, and

fibrous histiocytoma.

The lack of nuclear atypia, a lack of a ‘‘herringbone’’

fascicular growth pattern, and an absence of atypical

mitotic figures should assist in separating NF from malig-

nant tumors. Although myofibroblasts may occasionally be

positive for desmin, we have not observed this finding in

this series of neurofibroma. Despite the fact that some

smooth muscle tumors may be negative for desmin, one

can generally use desmin, especially when it is strongly

staining, in addition to the morphology and strength of the

actins staining, to separate smooth muscle tumors from NF.

The recently described ‘‘Low Grade Sinonasal Sarcoma

with Neural and Myogenic features’’ [49, 50], shows a

cellular spindle cell neoplasm with uniform, bland, elon-

gate nuclei, an infiltrative growth pattern, invaginated

respiratory gland but with inconspicuous mitoses and a

positive reaction with S100 protein and actin.

NF lacks the purposeful direction of myofibroblasts,

elongate vessels, and infiltrative growth pattern of fibro-

matosis. Further, the elongated spindle cell population and

collagen deposition makes this lesion distinctly different

from NF. However, b-catenin is positive in fibromatosis,

showing a nuclear expression. Solitary fibrous tumor shows

a bland spindle cell population arranged in a patternless to

fascicular architecture, with heavy, wiry, keloid-like col-

lagen deposition in association with a rich vascular plexus

can help to confirm the diagnosis with the addition of a

limited, pertinent and focused immunohistochemistry

panel, including CD34, bcl-2 and S100 protein, with the

latter negative [51–53]. A myoepithelioma or cellular pleo-

morphic adenoma may occasionally yield a monomorphic

population, but would show reactions with S100 protein,

cytokeratins, p63 and GFAP, while negative with CD34.

EMA highlights meningioma, which would also show a

reaction with CK7, while S100 protein and CD34 should be

negative. Melanoma would react with S100 protein, but

also shows HMB45, Melan-A, and tyrosinase reactions,

and usually demonstrate significant pleomorphism and

increased mitoses. Synovial sarcoma would be positive

with epithelial markers, as well as TLE1. Up to 18 % of

cutaneous fibrous histiocytoma (dermatofibroma) will

show CD34 immunoreactivity [54], but usually the pattern

of growth and collagen deposition will be different.

If there is more than one distinct pattern present, then a

hybrid tumor can be diagnosed. In general there is a neu-

rofibroma combined with either a schwannoma and/or a

perineurioma. The growth pattern of perineurioma is usu-

ally quite distinctive, while GLUT-1 and claudin-1 would

strongly react with the tumor cells.

Conclusion

In conclusion, NF of the sinonasal tract occurs infre-

quently, but should be considered in the differential diag-

nosis of a sinonasal tract mass. The tumors are most

common in middle-aged patients who usually present with

a mass present for a long duration. NF1 is seen in about

10 % of cases, although sinonasal tract tumors are usually

solitary lesions. Awareness of the rather distinctive

microscopic features of NF will help to distinguish it from

other benign and malignant entities within the sinonasal

tract. Complete local excision is curative.
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