
Contents lists available at ScienceDirect

Pathology - Research and Practice

journal homepage: www.elsevier.com/locate/prp

Sinonasal glomangiopericytoma: A clinicopathologic study

Farres Obeidin, Lawrence J. Jennings, Borislav A. Alexiev⁎

Department of Pathology, Northwestern University Feinberg School of Medicine, Northwestern Memorial Hospital, 251 East Huron St, Feinberg 7-342A, Chicago, IL,
60611, United States

A R T I C L E I N F O

Keywords:
Sinonasal glomangiopericytoma
β-catenin
TLE1
CTNNB1

A B S T R A C T

Sinonasal glomangiopericytoma (SNGP) is a neoplasm arising in the nasal cavity and paranasal sinuses that
shows perivascular myoid differentiation. The diagnosis of SNGP may be diagnostically challenging due to a
large number of potential mimics. In the present study, we sought to characterize the histological and molecular
features of six cases of SNGP found in prior surgical pathology records over a 15-year period. The average age at
diagnosis was 48.5 years (range: 31–78 years), and the male-to-female ratio was 1:1. Imaging studies in all six
cases demonstrated avidly enhancing, lobulated soft tissue masses in the nasal cavity, extending into the sinuses
and nasopharynx. Histologically, the tumors were unencapsulated and composed of a proliferation of closely
packed, bland, and uniform spindle cells growing deep to an intact surface respiratory epithelium. The cells were
separated by a distinctive vascular network ranging from capillaries to large vascular spaces. All cases de-
monstrated strong positivity for smooth muscle actin, cyclin D1, CD99, and β-catenin (100%). Targeted se-
quencing revealed recurrent CTNNB1 missense mutations in all cases tested. Additionally, TLE1 was positive in
all cases which has not been previously reported. No tested cases harbored SS18 translocations. We found that
while no single marker resolves immunohistochemical overlap between SNGP and its histologic mimics, an
extended immunohistochemical panel that includes β-catenin, cyclin D1, STAT6, smooth muscle actin, pan-
cytokeratin cocktails, S100, and SOX10 helps to support the diagnosis of SNGP in diagnostically challenging
cases without the need for molecular studies.

1. Introduction

Sinonasal glomangiopericytoma/sinonasal hemangiopericytoma-
like tumor (SNGP) is defined by the World Health Organization (WHO)
as a sinonasal mesenchymal neoplasm demonstrating a perivascular
myoid phenotype. Initially described as a variant of hemangioper-
icytoma due to the presence of characteristic staghorn vasculature seen
in other soft tissue hemangiopericytomas, immunohistochemical stu-
dies have suggested a perivascular myoid phenotype necessitating a
shift in the nomenclature [1,3–5,10,11,13,14,18–20,26,28,32,33].
They occur most commonly in adults in the sixth and seventh decades
of life, show a slight female predominance, and clinically mimic allergic
polyps of the sinonasal tract [33]. The nasal cavity, and, less frequently,
sinuses are affected. Most patients present with nasal obstruction,
epistaxis, and other nonspecific findings that are present for an average
of less than 1 year. A rare case of SNGP associated with severe osteo-
genic osteomalacia has previously been reported [20]. The diagnosis of
SNGP may be diagnostically challenging in small biopsies due to the
large number of potential histological mimics that may occur in this

location [13]. While the molecular pathogenesis has not been com-
pletely elucidated, CTNNB1 gene mutations and nuclear expression of
β-catenin have recently been identified in SNGP [11,13,19]. A defini-
tive diagnosis is often helpful for treatment planning, as both benign
and malignant neoplasms fall within the differential for this lesion.

This study aims to: 1) evaluate the morphological features of SNGP
and establish an efficient diagnostic immunohistochemical panel to
distinguish it from its mimics, and 2) evaluate SNGP for recurrent ge-
netic mutations by Sanger sequencing.

2. Material and methods

2.1. Histology

A single institution SNGP cohort of six resected tumors was identi-
fied within the last 15 years at Northwestern Memorial Hospital.
Clinical, surgical, and pathologic details were obtained from the elec-
tronic medical records and the AP laboratory information system. The
original pathology material was reviewed, and the tumors were
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classified based on current criteria [33]. Representative/extensive
tissue sections from the surgical specimens were fixed in 10% buffered
formalin and embedded in paraffin. For routine microscopy, 4-μm-thick
sections were stained with hematoxylin-eosin.

2.2. Immunohistochemistry

Immunohistochemical staining was performed using an automated
immunostainer (Leica Bond-III, Leica Biosystems, Buffalo Grove, IL)
and Bond Refine PolymerTM biotin-free DAB detection kit. A panel of
immunohistochemical stains was performed and included: cytokeratin
AE1/AE3 (Dako; M3515; 1:500; Santa Clara, CA), desmin (Leica;
PA0032; RTU; Buffalo Grove, IL), CD34 (Leica; PA0212; RTU; Buffalo
Grove, IL), S100 (Leica; PA0900; RTU; Buffalo Grove, IL), SOX10
(Abcam; ab227684; 1:80; Cambridge, MA), STAT6 (Abcam; ab32520;
1:1000; Cambridge, MA), smooth muscle actin (Leica; PA0943; RTU;
Buffalo Grove, IL), cyclin D1 (Epitomics; AC-0017; 1:100; Burlingame,
CA), CD99 (Dako; M3601; 1:100; Santa Clara, CA), β-catenin (Dako;
M3539; 1:100; Santa Clara, CA), and TLE1 (Abcam; ab183742; 1:200;
Cambridge, MA). Nuclear, cytoplasmic, and/or membranous expression
identified in 10% or more of neoplastic cells was defined as “positive.”
Positive immunostains were then categorized as “focal positive (F+)” if
expression was 10–24% of neoplastic cells, and “diffuse positive (+)” if
expression was ≥25%. Formalin-fixed, paraffin-embedded (FFPE)
tissue from five solitary fibrous tumors was used as a control for im-
munoprofile comparison with SNGP.

2.3. Targeted sequencing

The use of paraffin blocks for this study meets Institutional Review
Board and Health Insurance Portability and Accountability Act re-
quirements, and has been approved by the Institutional Review Board
at the Northwestern University Feinberg School of Medicine.
Hematoxylin-eosin stained slides were chosen from the same blocks
reviewed by a pathologist. No microdissection was needed, as all
samples had>50% tumor cells per section. Due to the small size of a
few cases, two of six cases were depleted by immunostains and could
not be sequenced for CTNNB1 or analysed for SS18-SSX translocation.

For each case, DNA was extracted from a single 5 μm section ac-
cording to the manufacturer’s instructions (Covaris truXTRAC FFPE
DNA kit (Woburn, MA, USA)). Briefly, slides were warmed on a heat
block to 37 °C for 30 s and FFPE tissue was then scraped from the slides,
avoiding paraffin, using Covaris sectionPICKs. Sections were collected
into screw-cap microtubes by using FFPE sectionPICKs provided by
Covaris. Sonication was performed per the manufacturer’s instructions
on a Covaris M220 Focused Ultrasonicator. Homogenized tissue was
then digested for 2 h in Covaris proteinase K at 56 °C. DNA was finally
isolated from lysates using the columns of the Covaris truXTRAC FFPE
DNA kit and was eluted in 100 μL of Covaris BE buffer.

The DNA concentration and quality was assessed using a Nanodrop
spectrophotometer by NanoDrop Technologies (Life Technologies) as
per manufacturer’s instructions. Targeted Sanger sequencing was used
to identify mutations of CTNNB1, exon 3. After PCR amplification of the
targeted exon, 10 μL of amplicon was transferred to a new PCR tube and

1 μL of ExoSAP-IT® (Affimetrix, Santa Clara, CA) was added to remove
unused dNTPs and primers per manufacturer’s instructions. The se-
quencing reaction was performed using 2 μL of the cleaned product and
the “Big Dye Terminator v1.1 Cycle Sequencing” kit (Life Technologies,
Carlsbad, CA) by the M13 forward primer 5′ - TGT AAA ACG ACG GCC
AGT - 3′ and reverse primer 5′ - CAG GAA ACA GCT ATG ACC - 3′, in an
ABI Prism 3130 xl automatic sequencer (Life Technologies, Carlsbad,
CA) in both directions. Data were analysed by Sequencing Analysis (Life
Technologies, Carlsbad, CA).

For each case, RNA was extracted from a single 5 μm section ac-
cording to the manufactuer’s instructions (Covaris truXTRAC FFPE DNA
kit (Woburn, MA, USA)). The extracted RNA was converted to cDNA
using the SuperScript VILO cDNA Synthesis Kit from Invitrogen (Life
Technologies, Grand Island, NY) following the manufacturer's instruc-
tions. Synovial sarcoma fusion transcripts were targeted (SS18-SSX1,
SS18-SSX2, SS18-SSX4, SS18-SSX7, and SS18-SSX8) using 2 different
primer pairs. A SYBR Green qPCR assay was preformed using the Bio-
Rad iQ5 Real-Time Detection System and amplified to the end-point.
Thermal cycling conditions were 37oC x 30min (1 cycle),
95oC x 10min (1 cycle), 95oC x 30 s and 60oC x 30 s (2 cycles), 95oC x
30 s and 68oC x 30 s (38 cycles), followed by a melt curve which ranged
from 55oC-95oC at 0.5oC increments, and 12oC hold. The analysis of
the qPCR data was performed with the iQ5 Optical System Software
from Bio-Rad, which generates cycle threshold (Ct) values and melt
curve plots. The quality of RNA was verified by amplification of a
longer transcript corresponding to the ubiquitously expressed GUSB.

3. Results

3.1. Clinical history

The case demographics are listed in Table 1. Six cases were found in
prior surgical pathology records at Northwestern Memorial Hospital
from 2003 to 2018 using the search terms “sinonasal hemangioper-
icytoma” and “sinonasal glomangiopericytoma.” All patients were
treated at Northwestern Memorial Hospital with endoscopic sinus sur-
gery alone. There were equal numbers of males and females. The
median age was 48.5 years old (range 31–78 years), and the median
follow-up time was 6 years (range 2 months-10 years). All patients were
alive at the most recent follow-up.

3.2. Imaging studies and gross description

Computed tomography scans and magnetic resonance imaging de-
monstrated avidly enhancing, lobulated soft tissue masses in the nasal
cavity, extending into the sinuses and nasopharynx, abutting the un-
dersurface of the anterior skull base (Fig. 1). Grossly, SNGPs presented
as polypoid, pink-tan or red-brown soft tissue fragments with homo-
genous cut surfaces and areas of hemorrhage. Tumor size ranged from
1.5 to 5.5 cm with a mean of 2.6 cm.

3.3. Histology

Histologically, the tumors were unencapsulated and composed of a

Table 1
Case demographics.

Case Age Sex Clinical presentation Location Size Follow-up Outcome

1 40 M Epistaxis Right nasal septum 2.1 cm 8 months Alive; NED
2 46 M Nasal obstruction Right nasal cavity; nasopharynx, ethmoid sinus 5.5 cm 10 years Alive; LR
3 78 F Epistaxis Left posterior ethmoid and sphenoid sinuses 1.5 cm 8 years Alive; NED
4 51 M Incidental finding Left nasal cavity 1.5 cm 9 years Alive; NED
5 31 F Proptosis Right inferior orbit 2.0 cm 4 years Alive; LR
6 59 F Nasal obstruction and epistaxis Bilateral nasal cavity and left ethmoid sinus 1.6 cm 2 months Alive; NED

NED: No evidence of disease; LR: Local recurrence.
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subepithelial proliferation of closely packed, bland, and uniform
spindle cells deep to an intact surface respiratory epithelium. SNGPs
showed a diffuse growth with fascicular to solid or focally whorled
patterns (Fig. 2A). The nuclei were ovoid to spindled, varying from
vesicular to hyperchromatic with inconspicuous nucleoli and limited
eosinophilic cytoplasm (Fig. 2B). The cells were separated by a dis-
tinctive vascular network ranging from capillaries to large vascular
spaces. Prominent acellular and perivascular hyalinization was often
present (Fig. 2C). Myxoid change, areas of fibrosis, and interstitial mast
cells and eosinophils were commonly observed. Mitotic figures were
inconspicuous, and necrosis absent.

3.4. Immunohistochemistry

All cases of SNGP demonstrated nuclear β-catenin, SMA, CD99,
cyclin D1, and TLE1 immunostaining in ≥50% of the tumor cells (6/6,
100%) (Figs. 2D and 3 A–C). CD34 was focally positive with weak to
moderate cytoplasmic intensity in five of six tumors (83%). All SNGPs
failed to demonstrate cytokeratin AE1/AE3, STAT6, desmin, S100, and
SOX10 positivity (Fig. 3D), (Table 2).

3.5. Targeted sequencing

Cases 1–3 and 6 had enough tissue available for additional CTNNB1
testing. All 4 cases that had tissue available for sequencing showed
missense mutations involving the recognition site of the β-catenin de-
struction complex (NM_001098209.1:c.98C > T:p.S33 F,
c.110C > T:p.S37 F, c.110C > T:p.S37 F, and c.134C > T:p.S45 F).
In all cases, a serine residue was mutated, preventing the phosphor-
ylation and proteasomal degradation of the β-catenin protein (Fig. 4).
The mutant protein was therefore stabilized, leading to accumulation in
the nucleus and increased transcription of Wingless-related integration

Fig. 1. Sinonasal glomangiopericytoma. Magnetic resonance imaging demon-
strated avidly enhancing, lobulated soft tissue masses in the nasal cavity.

Fig. 2. Sinonasal glomangiopericytoma. A. Note the proliferation of closely
packed, bland, uniform, spindled cells with a fascicular to focally whorled ar-
chitecture underlying an intact surface respiratory epithelium. B. Tumor cells
are oval to spindle-shaped with hyperchromatic nuclei, inconspicuous nucleoli,
and limited eosinophilic cytoplasm. C. Some areas show myxoid change and
prominent perivascular hyalinization. D. Strong nuclear β-catenin expression in
tumor cells, original magnification ×200 (A); ×400 (B); ×100 (C); ×200 (D).

Fig. 3. Sinonasal glomangiopericytoma. A. Smooth muscle actin expression in
tumor cells. B. Cyclin D1 expression in tumor cells. C. TLE1 expression in tumor
cells. D. Tumor cells are negative for STAT6. Bond Refine PolymerTM biotin-
free DAB detection kit, original magnification ×200 (A–D).

Table 2
Sinonasal glomangiopericytoma. Immunohistochemical findings.

Case 1 2 3 4 5 6

SMA + + + + + +
β-catenin + + + + F+ +
CD34 + F+ F+ F+ – F+
CD99 + + + + + +
Cyclin D1 + + + + + F+
TLE1 + + + + + +
Desmin – – – – – –
AE1/AE3 – – – – – –
SOX10 – – – – – –
S100 – – – – – –
STAT6 – – – – – –

–(negative,< 10%); F+ (focal positive, 10–25%); + (diffuse positive,> 25%).

Fig. 4. Sinonasal glomangiopericytoma. A. Representative electropherogram
showing all molecular aberrations in CTNNB1 seen. All cases showed point
mutations in serine residues leading to inhibition of phosphorylation and de-
gradation of β-catenin.
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site target genes (i.e. Wnt signaling pathway). Mutations of these 3
residues have recently been associated with SNGP and proposed as a
key oncogenic driver [19].

3.6. Synovial sarcoma fusion analysis

Due to the scant tissue remaining after IHC and CTNNB1 analysis,
only cases 1, 2, and 6 could be assessed for synovial sarcoma fusions.
All 3 cases were negative for SS18-SSX1, SS18-SSX2, SS18-SSX4, SS18-
SSX7, and SS18-SSX8.

4. Discussion

SNGP is a neoplasm demonstrating perivascular myoid differentia-
tion that arises in the nasal cavity and paranasal sinuses [18]. SNGP
comprises< 0.5% of all sinonasal neoplasms. In the present study, six
cases were found by searching through prior surgical pathology records
over a 15-year period. The average age at diagnosis was 48.5 years, and
the male-to-female ratio was 1:1. The diagnosis of SNGP may be diag-
nostically challenging due to the large number of potential mimics with
varying degrees of histological and immunohistochemical overlap
[4,13].

Hemangiopericytoma (HPC) was described in 1942 by Stout and
Murray as a distinctive soft tissue neoplasm presumably of pericytic
origin, which exhibited a characteristic well-developed "staghorn"
branching vascular pattern [10]. Three categories of lesions are now
thought to exist within the heterogeneous group of HPC-like neoplasms.
The first category corresponds to those neoplasms that show clear
evidence of myoid/pericytic differentiation and correspond to true
HPCs. They include myopericytoma, infantile myofibromatosis (pre-
viously called infantile HPC), and SNGP. The second category is the
solitary fibrous tumor (SFT) lesional group, which includes fibrous-to-
cellular SFTs and related lesions such as giant cell angiofibromas. The
third category corresponds to those non-HPC neoplasms that occa-
sionally display HPC-like features, including synovial sarcoma (SS) and
malignant peripheral nerve sheath tumor [10].

Histologically, SNGP demonstrates a number of features that differ
from SFT. The cytologically uniform tumor cells often appear to be
placed equidistant from one another, and there is at least focal fasci-
cular growth. This contrasts with the patternless SFT architecture,
characterized by a combination of hypocellular and hypercellular areas
separated by thick bands of hyalinized collagen [9,10,12]. The small
round capillaries and ectatic blood vessels within the tumor nodules of
SNGP also differ from the multibranched staghorn vessels seen in SFT
[9,10,12]. In agreement with previous studies, we found that SNGP
showed convincing evidence of perivascular myoid differentiation,
strong nuclear β-catenin, cyclin D1, SMA, and CD99, and harbored
CTNNB1 missense mutations in the amino-terminal region
[1,3–5,10,11,13,14,18–20,16,28,33]. SNGPs lack nuclear STAT6 ex-
pression and NAB2-STAT translocations, in contrast to their presence in
sinonasal SFTs [1,9,10,12,31].

Myopericytoma is a benign neoplasm demonstrating perivascular
myoid differentiation that may be confused with SNGP. Architecturally,
myopericytomas are well-circumscribed with a nodular or lobular
growth pattern and uniform spindled or ovoid cells showing frequent
perivascular concentric growth around HPC-like vessels [13]. The
tumor shows variable cellularity and can have collagenous or myxoid
stroma. Owing to their similar cell of origin, smooth muscle actin ex-
pression is shared between both myopericytoma and SNGP. Consistent
genetic alterations have not been identified in myopericytoma, apart
from a unique variant characterized by translocation t(7;12)(p22;q13)
which results in ACTB–GLI1 fusion and a report of BRAF V600E mu-
tation in a subset of myopericytomas [13]. Nuclear β-catenin expression
is consistently absent and is useful in the distinction between these
tumors [13].

Biphenotypic sinonasal sarcoma (BSNS) is a rare recently-described

low grade malignant mesenchymal neoplasm with neural and myogenic
differentiation seen exclusively in the upper sinonasal tract. BSNS
shows histological and immunohistochemical overlaps with a number
of lesions at this site [8,15,21,29]. BSNS is characterized by infiltrating
spindle-shaped cells with minimal pleomorphism, low mitotic activity,
and concomitant benign epithelial proliferation. The neoplasm exhibits
immunopositivity for both SMA and S-100 [8,15,21,29]. β-catenin
immunoreactivity is seen in the majority of cases, indicating a role in
pathogenesis. A distinguishing characteristic of BSNS is that it displays
a dual neural and myogenic phenotype, with variable immunopositivity
for S-100, along with SMA, calponin, desmin, and even focal myogenin
positivity [15]. BSNS is characterized by recurrent genetic alterations
involving PAX3 gene, with MAML3 being the most frequent fusion
partner [15].

A critical differential to consider in cases of suspected SNGP is
spindle cell (monophasic) SS, due to its malignant behavior and po-
tential for adjuvant therapy. Monophasic SS is characterized by uniform
spindle cells arranged in cellular sheets and fascicles. Tumor cells have
overlapping, ovoid nuclei with pale eosinophilic cytoplasm and indis-
tinct cells borders. Many monophasic SSs focally display a staghorn-
shaped vascular pattern, reminiscent of SFT/HPC, and myxoid change.
Classically, SS shows at least focal positivity for epithelial markers such
as cytokeratins and EMA, as well as CD99. SMA and HHF-35 are typi-
cally not expressed [2,6,27,30]. Similar to SNGP, frequent β-catenin
expression in SS was observed in previous studies [13,32]. However,
nuclear β-catenin correlates with cyclin D1 expression in SNGP but not
in SS [30]. Though TLE1 was initially thought to be relatively specific
for SS, recent studies have shown strong TLE1 expression in nerve
sheath tumors and SFT [7,17]. Additionally, strong positivity for TLE1
was seen in all six of our cases of SNGP, so this marker clearly cannot be
relied upon to resolve this differential. SS is characterized by translo-
cation t(X;18)(p11;q11), resulting in SS18 gene rearrangement with one
of three SSX gene fusion partners (SSX1, SSX2, or SSX4) [2,6,27,30].
This translocation was not seen in any of our tested cases.

Low grade myofibroblastic sarcoma (LGMS) may also be considered
in the differential for tumors of the nasal cavity and paranasal sinus,
since it appears to have a strong predilection for the head and neck
region in younger patients. LGMS is characterized by aggressive local
behavior with low potential for metastasis. Histologically, the tumor
shows a diffusely infiltrative growth pattern and consists mainly of
spindle cells with minimal pleomorphism, low mitotic activity, and
abundant pale eosinophilic cytoplasm. Immunohistochemically, LGMS
are positive for vimentin, fibronectin, and at least one muscle marker,
including alpha-smooth muscle actin, HHF-35, calponin, or desmin
[23,24]. Nuclear β-catenin expression is consistently absent in LGMS.

Intranasal glomus tumor and SNGP are both characterized by a
perivascular growth pattern and share immunohistochemical features
supporting their myoid differentiation by expression of muscle specific
markers [16,22,25]. A novel gene fusion involving MIR143 with
NOTCH-1, NOTCH-2, or NOTCH-3 has been recently identified in be-
nign and malignant glomus tumors [25]. The MIR143-NOTCH fusions
were not identified in SNGP. Conversely, glomus tumors do not harbor
CTNNB1 missense mutations and are negative for nuclear β-catenin.
These results argue that glomus tumors are genetically distinct from
most myopericytic tumors and SNGP, despite their perivascular growth
patterns and shared immunophenotype [25].

SNGP is an indolent tumor that tends to arise in the sinonasal tract
of older adults and has a low malignant potential with excellent prog-
nosis after surgical resection [4,32,33]. Surgery was the treatment of
choice for all six of our patients, and none received adjuvant therapy.
All six patients are alive, and four of them are free of disease. Two
patients showed continued disease at their last follow-up. Recurrent
tumors were managed by additional surgery.

Our results in this study demonstrate that mutational activation of
β-catenin and associated cyclin D1 overexpression may be central to the
pathogenesis of SNGP. However, due to the positivity of these markers
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in other tumors, including SFT, BSNS, and SS, their roles are limited
among this differential list if used alone. Similarly, TLE1 cannot be used
to exclude SS, as all of our cases stained positively for TLE1. The con-
siderable overlap in the morphological features and im-
munohistochemical expression of various markers between these enti-
ties poses diagnostic difficulties to pathologists in small biopsies [13].
In the majority of cases, the diagnosis of SNGP can be facilitated by
recognition of its diffuse proliferation of uniform spindle and ovoid cell
population, hemangiopericytoma-like vessels, nuclear β-catenin ex-
pression, and perivascular myoid phenotype. While no single marker
resolves immunohistochemical overlap between SNGP and its histologic
mimics, an extended immunohistochemical panel that includes β-ca-
tenin, cyclin D1, STAT6, smooth muscle and/or muscle specific actin,
broad-spectrum cytokeratin cocktails (AE1/AE3, CAM5.2), S100, and
SOX10 helps to support the diagnosis of SNGP in diagnostically chal-
lenging cases without the need for molecular studies.
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