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Abstract

Solitary fibrous tumors (SFTs) of the orbit are rare. In order to further characterize the clinical and pathologic features of
solitary fibrous tumor arising at this anatomic site, 12 cases of orbital SFTs were analyzed in conjunction with a review of
263 cases reported from the English literature in order to develop a risk prediction model. SFTs of the orbit were equally
distributed between males (n=35) and females (n=7) with a mean patient age of 46.8 years (median 44.5 years; range
18-76 years) at initial diagnosis. The patients typically presented with swelling or mass around the orbit, with proptosis
(n=10), ptosis (n=35), and visual changes (n =6). Tumors were orbital (n=10) or upper eyelid (n =2). Mean tumor size was
2.5 cm (median 2.6 cm). Microscopically, the tumors were characterized by cytologically bland spindle cells with pattern-
less growth, hypocellular and hypercellular areas, variable amounts of collagen, and ectatic, branching blood vessels. By
immunohistochemistry, all cases had a strong nuclear STAT6 expression. All patients were initially managed with excision
or biopsy, three with presurgical embolization. The two patients with biopsy only had persistent disease (mean 37.2 months),
but a third patient developed distant bone metastasis at §6.9 months. Overall mean follow-up was 73.1 months: 9 patients
are alive or dead without disease (mean 77.9 months), two patients with persistent disease, and one patient with metastatic
disease at last follow-up (102 months). Incorporating cases sufficiently reported in the literature, a risk prediction model based
on age > 45 years, tumor size >3 cm, tumor necrosis, mitoses of >4/2 mm?, moderate to high cellularity, and moderate to
severe pleomorphism allows for risk stratification for the development of local recurrence and distant metastasis. In conclu-
sion, orbital SFTs are rare, but can be reliably diagnosed based on the presence of characteristic morphologic features and
STAT6 immunohistochemistry. Orbital tumors tend to show a higher frequency of local recurrence than distant metastasis,
which can be predicted by a risk stratification model unique to orbital tumors. With late disease common, long term clinical
follow-up is recommended.

Keywords Orbital neoplasms - Immunohistochemistry - Solitary fibrous tumors - Risk assessment - STAT6 - Follow-up
studies

Introduction

First described in 1931 [1], solitary fibrous tumor (SFT)
has been documented in many other organs after its origi-
nal pleural description. It is much more common around
body cavities, such as pleura, peritoneum, and meninges,
and thus orbit tumors may be related to the meninges. The
tumor has gone by many names over the years, including
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tumor. Hemangiopericytoma was thought to be of pericytic
origin [2], but has been viewed more as a pattern diagnosis,
with an open, patulous, staghorn vascular pattern as the most
consistent feature. Giant cell angiofibroma and even fibrous
histiocytoma are morphologically similar lesions considered
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in the diagnostic continuum. Over the past few decades,
immunohistochemistry, cytogenetics, and molecular findings
have shown that solitary fibrous tumor is the correct term
for a spectrum of lesions, with hemangiopericytoma, giant
cell angiofibroma, and even fibrous histiocytoma of the orbit
now considered obsolete [3]. Extrapleural is usually applied
to all other non-pleural sites for a fibroblastic mesenchymal
neoplasm characterized by staghorn, thin-walled branching
vessels, ovoid to elongated spindled cells in a background
of wiry collagen and with a recurrent, characteristic NAB2-
STAT6 gene fusion [4-7]. The fusion is represented by a
strong nuclear STAT6 immunoreactivity [8, 9] although not
evaluated systematically in a series of orbital tumors. The
aim of this study was to present a clinicopathologic study
of orbit SFT evaluated with STAT6 and to aggregate the
findings of orbit SFTs reported in the literature to develop
a more site-specific risk prediction model for orbit tumors.

Materials and Methods

Twelve cases of solitary fibrous tumors of the orbit, lacri-
mal gland, and eyelids were selected from a review of all
solitary fibrous tumors (n=17) identified in the pathology
files between 2009 to 2019 from the head and neck region.
Tumors identified within the central nervous system were
excluded. These 12 cases were identified within a single
healthcare delivery system treating more than 4 million
patient members. As patients enter and exit the health deliv-
ery system frequently, a true incidence is difficult to deter-
mine. However, with 12 orbit cases diagnosed in 10 years,
the incidence is approximately 0.2 patient/million popula-
tion in any given year. Materials within the files were sup-
plemented by a review of the patient demographics (sex,
age, race) and symptoms at presentation (mass, swelling,
proptosis/exophthalmos, visual changes, ptosis, headaches)
including duration. Smoking and alcohol history were docu-
mented. Other concurrent clinical findings, including family
history and possible paraneoplastic findings were identified.
The medical history, imaging findings, surgical pathology,
and operative reports were reviewed to obtain exact tumor
location, lateralization and tumor size (greatest dimension
in centimeters), procedures performed, and diagnostic evalu-
ation. Follow-up data included specific treatment, the pres-
ence or absence of recurrent or persistent disease, and the
current status of the disease and patient. This clinical inves-
tigation 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 relating
to human subjects in research.

Hematoxylin and eosin-stained slides from all cases were
reviewed. Mitotic figures were evaluated using a Olympus

BX41 microscope per 2 mm? using a field diameter of

0.5 mm with an area of 0.196 mm?, and with 10 consecu-
tive fields counted, attempting to begin counting in hot-spot
areas if any mitoses were identified, which equates to 1.96
mm?, which has been rounded to 2 mm?.

Immunophenotypic analysis was performed in all cases
on a single block from each case by a standardized Envi-
sion™ method employing 4 um-thick, formalin fixed, par-
affin embedded sections. Evaluation of STAT6 (phosphor-
Tyr641, LifeSpan BioSciences) was performed specifically,
although CD34 (Dako-Agilent), bcl-2 (clone 124, Dako-
Agilent), and CD99 (clone O13, Signet Laboratories) were
also included in the initial evaluation of the tumors. Other
immunohistochemistry studies reported were not standard-
ized for each case, but were included during initial work-up
of the case and thus varied considerably. Epitope retrieval
was performed, as required by the manufacturer guidelines.
Standard positive controls were used throughout, with serum
used as the negative control.

A review of the English literature was based on a PubMed
search from 1966 to 2019 with all cases of orbit solitary
fibrous tumor reviewed [7, 10-107]. Cases were excluded if
they did not include clinical information, imaging findings,
pathology descriptions and/or images, and lacked clinical
follow-up data. Cases were searched to include alternative
diagnostic terminology (giant cell angiofibroma, hemangi-
opericytoma, fibrous histiocytoma, fibrous mesothelioma,
and extrapleural solitary fibrous tumor, to name just a few).
Specific attention was given to clinical series which included
immunohistochemistry information. Duplicate cases were
only included once [13, 21, 24, 37]. Cases secondarily
involving the orbit from the brain or central nervous sys-
tem (CNS) or the sinonasal tract (paranasal sinuses) were
excluded, as were cases metastatic to the orbit from other
sites [108, 109]. Cases of meningioma were excluded.

Risk Prediction Model

The specific information used to determine risk stratifi-
cation was collected from literature reported orbit SFT
cases and tabulated to assess the prediction from the three
most widely used risk stratification prediction models for
SFT, namely, by Pasquali et al. [110], Salas et al. [111],
and refined Demicco et al. [112] and applying these same
prediction models to the cases herein reported. Mitotic
index is the only factor used in all models, and yet there
is significant validity to tumor size, patient age, cellular-
ity, pleomorphism, and tumor necrosis, all factors his-
torically included in assessment of malignancy or recur-
rence. Thus, it was felt that inclusion of all the reported
criteria may serve to more fully capture the unique nature
of orbit tumors, recognizing that radiation exposure is
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exceptionally rare (only a single reported case [43]), and
thus was not included. However, considering the younger
patient age, smaller tumor size, and tumor site of orbit
only, different cutoff points were proposed, recognizing
that statistical modeling for only 12 cases in this report
would not be valid for either univariate or multivariable
analysis. While features reported in the literature are
incorporated, these findings could not be independently
validated or confirmed and so an attempt to include these
cases as an external validation model would be unwise.
The risk stratification model was developed to include all
events, whether local recurrence and/or distant metasta-
sis, using the following definition of recurrence: devel-
opment of tumor at the site of the original tumor at least
12 months after initial treatment was completed and docu-
mented to be disease free. This definition is specifically

employed to exclude persistent disease due to incomplete
initial management (ie., biopsy only; embolization only;
excision, but not wide excision). Patient age was scored 0
if <45 years and 1 if > 45 years of age at initial presenta-
tion. Tumor size was scored 0 if <3.0 cm and 2 if >3 cm.
Mitotic activity was scored as 0 if <4 mitoses/2 mm? and
3 if > 4 mitoses/2 mm?, based on methodology described
in Materials and Methods. Cellularity was interpreted to
be moderate to high if there was no space between cells,
with overlapping and crowding (nuclei in contact with
each other). Moderate to high cellularity was scored as
1 if present. Pleomorphism was defined as variation in
size and shape of the cells or nuclei and increased hyper-
chromasia of the nuclei. No or limited pleomorphism was
scored as 0, while moderate to high pleomorphism was
scored as 1. No tumor necrosis was scored as 0, while any

Table 1 Proposed orbit solitary fibrous tumor risk stratification compared to reported systems

Risk criteria Extrapleural/

extrameningeal SFT only

Extrameningeal SFT

Orbit SFT exclusively

Pasquali [110] Salas [111] Demicco [112] Thompson
Points Metastatic Points Metastatic Points Recurrence Points Recurrence
(local/distant) (local/distant)
Patient age (years) at — - 0 <60 0 <55 0 <45
presentation _ _ 1 >60 1 >55 1 > 45
Tumor size - - - - 0 <5cm 0 <3cm
(in cm) - - - - 1 5to<10cm 2 >3cm
- - - - 2 10to<15cm — -
- - 3 >15cm -
Mitoses (per 10 0 <4 0 <4 0 0 0 <4
HPFs; per 2 mm* 3 >4 1 4 1 1103 3 4
for Thompson) _ 2 >4 3
Cellularity 0 Low - - - - 0 Low
2 Moderate to - - - - 1 Moderate to
high high
Cellular/Nuclear 0 Low - - - - 0 Low
pleomorphism 2 Moderate to - - - - Moderate to
high high
Tumor necrosis - - - - 0 <10% 0 Absent
- - - - 1 >10% 1 Present
Site - - 0 Other - - - -
- - 1 Limb - - - -
Previous radiation - - 0 No - - - -
- - 1 Yes - - - -
Points Risk for Points Risk for Points Risk for Points Risk for
metastasis metastasis metastasis recurrence
Risk sum 0 Very low 0 Very low 0to3 Low 0 Very low
stratification 2 Low 1 Low 4t05 Intermediate 1 to 2 Low
3t05 Intermediate 2 Intermediate 6 to 7 High 3t04 Intermeidate
>5 High 3 High 5t09 High

— parameter not included in the system
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tumor necrosis was scored as 1. The criteria incorporated
in the published risk models and the proposed criteria are
presented in Table 1.

Results
Clinical

The clinicopathologic information is summarized in
Table 2. The patients included 7 females and 5 males who
ranged in age from 18 to 76 years, with a mean age at
presentation of 46.8 years (median 44.5 years). Five of
the patients were 55 years or older at presentation. There
was no statistically significant difference in mean age
at presentation between females (49.0 years) and males
(43.6 years; p=0.629). All patients were white. All of
the patients presented with a swelling or mass, present
for a duration of 3 to 60 months (mean 21.3; median
12.0 months). Men experienced symptoms for longer than
women (27 months vs. 17.3 months), but this was not a
statistically significant difference (p =0.474). The majority
of patients experienced exophthalmos (proptosis; Fig. 1)
with visual changes (n=6) and headaches (n=2). Visual
changes included double vision (n=3), blurred vision
(n=3), and/or flashing lights. Ptosis was experienced by
5 patients. One patient each had glaucoma and cataract.
One patient each had vertigo, upward gaze restriction, red-
ness, hyperopia, astigmatism, and CREST syndrome with
Raynaud. No patients reported any previous radiation. No
family members experienced a similar tumor. One patient
had a history of prostate carcinoma. Two patients were
ever smokers and two patients were ever drinkers. Ten
tumors involved the orbit, one the lacrimal gland exclu-
sively, and two involved the upper eyelid. Of the orbital
tumors, 5 were intraconal and 5 were extraconal. Eight
tumors involved the left side and 4 the right side. Imag-
ing studies (computed tomography and/or magnetic reso-
nance imaging) were performed in 11 patients. All imag-
ing studies documented a well circumscribed, ovoid mass,
showing a soft tissue density (Fig. 1) and enhancement
with contrast, resulting in displacement of the globe in 10
patients, but without evidence of bone destruction. Angi-
ography was performed to guide presurgical embolization
in 3 patients (Fig. 1).

Pathologic Features

Macroscopic

The tumors ranged in size from 0.6 up to 3.7 cm, with
a mean of 2.5 cm (median 2.6). There was no average

difference in size between females and males (2.5 vs
2.4 cm, respectively). Tumors of the eyelid were statis-
tically significantly smaller (mean 1.2 cm) than orbital
tumors (mean 2.7 cm; p=0.009). On gross examination,
the tumors were white, tan, and received as multiple frag-
ments of tissue, focally associated with cystic change.

Microscopic

The tumors entrapped the adjacent soft tissues and minor
salivary-gland type tissue, but were usually well circum-
scribed (Fig. 2). The tumor cells entrapped nerves, such that
perineural invasion was simulated. Expansion into the adja-
cent fat was noted in a few cases (Fig. 2), but true lipomatous
differentiation within the tumor proliferation was not seen.
The tumors showed a spectrum of hypo- to hypercellular-
ity (Fig. 2), set within an easily identified, wiry, keloid-like
collagen. The collagen could be thick and keloid-like in
areas, but thin, refractile to wiry collagen was much more
common. Collagen amount varied both within and between
cases (Fig. 3). The architecture was haphazard or pattern-
less, yielding a streaming quality in some cases, to a vaguely
fascicular appearance in others (Fig. 3). The classical and
characteristic hemangiopericytoma-like patulous, open,
staghorn vessels could be seen, but was more easily identi-
fied in resection samples than incisional biopsies (Fig. 3).
These vessels did not show peritheliomatous hyalinization.
Myxoid change of the stroma could be seen, but was not a
prominent finding (Fig. 3). Neoplastic giant cells were not
identified. Mitoses were inconspicuous in most of the cases,
although increased in one case. Tumor necrosis was absent,
but degeneration around embolic material was noted in the
three cases previously treated with embolization (Fig. 4).
Nuclear pleomorphism was only identified in a single case,
which also showed increased cellularity and increased
mitoses of 5/2 mm?. In the remaining cases, the neoplastic
cells were bland and lacking pleomorphism. The lesional
cells were spindled to elongated, with round to oval nuclei
with cells that have spindled pale to eosinophilic cytoplasm
(Figs. 1-4). The cells lacked wavy nuclei or blunt-ended
nuclei. Perinuclear vacuoles were absent. Dedifferentiation
or anaplasia was not seen. Lymphovascular invasion was
not seen.

Immunohistochemical Results

All tumors (n=12) demonstrated a strong and diffuse
nuclear reaction with STAT6 (Fig. 4). During original
evaluation, CD34 (Fig. 4), bcl-2, CD99, and vimentin were
positive to a variable degree in the neoplastic cells. CD68
and CD10 were also noted in isolated cells. However, pan-
cytokeratin (AE1/AE3), S100 protein, SOX10, SMA, MSA,
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Fig. 1 a) Clinical photo show-
ing left globe displacement and
a superior eyelid swelling. b)
Coronal T1 SE FS MRI of an
extraconal medial right orbit
bright signal mass (arrow). C)
Computed tomography of a
large retrobulbar mass (arrow)
resulting in significant propto-
sis. d) Embolic material (arrow)
can be seen in this medial left
orbit mass

desmin, nuclear 3-catenin, CD31, epithelial membrane anti-
gen, HMBA45, CD56, glial fibrillary acidic protein, FXIIIA,
FLI1, TLE1, neural filament (NF), and somatostatin receptor

2 were negative.

Treatment and Follow-up

All patients were managed by surgery, with three treated
by pre-surgical embolization. Biopsy was performed in two
patients, both of whom have persistent disease at 25.4 and
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Fig.2 a) Very well circum-
scribed tumor with a pre-
dominantly heavy, keloid-like
collagen deposition. b) This
solitary fibrous tumor expanded
into the adjacent fat, but seemed
to incorporate it, rather than
being a lipomatous variant. ¢)
Cellularity could vary from one
area to another within the same
tumor. d) Hypocellular regions
with a more edematous appear-
ance to the stroma

Fig.3 Various patterns in SFT.
a) Hemangiopericytoma-like
vessels with a non-descript
spindled cell proliferation. b)
Short, tight, cellular fascicles
could be seen. ¢) Classical
appearance of bland spindled
cells set within a collagen-
ized stroma with open vessels.
d) Myxoid change within the
stroma could be seen in some
tumors

49.1 months after the original diagnosis. In one patient, local =~ diagnostic and therapeutic reasons, radiation (300 Gy to
recurrence and distant metastasis to the femur were noted  sphenoid and 200 Gy to femur/hip) and concurrent chemo-
86.9 months after the original resection. After surgery for  therapy (combination of temozolomide [Temodar] and
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Fig.4 a) Strong, diffuse nuclear
STAT6 reaction in a classi-

cal SFT. b) Strong and diffuse
cytoplasmic CD34 immunore-
activity. ¢) Embolic material
within a classical SFT pattern.
d) STAT6 (left side) immuno-
reactivity is lost in the rest of
the tumor adjacent to areas of
embolization

RN
N

{».

o4
4

bevacizumab [Avastin]) were used for the metastatic dis-
ease. This patient is alive with disease at 102 months after
the original diagnosis. All other patients (n=9) are alive
without disease or have died of unrelated causes an aver-
age of 77.9 months after initial diagnosis (range 13.8 to
264 months; median 44.6 months). The patient who died,
died of metastatic prostate cancer to bone without any resid-
uum of the orbit solitary fibrous tumor.

Discussion

Orbit SFTs are uncommon tumors displaying a generally
benign clinical behavior, but with a small subset of cases
showing local recurrence and/or distant metastatic disease.
These tumors have been shown to have a characteristic his-
tologic appearance of a fibroblastic population set within a
variably collagenized stroma and associated with branching,
patulous, slit-like, or staghorn type vessels. The NGFI-A
binding protein 2 (NAB2) fuses with signal transducer and
activator of transcription 6 (STAT6) as a result of a paracen-
tric inversion of chromosome 12q.

In other anatomic sites, at least 12 fusion gene variants
have been reported, with correlation to site and clinical
behavior as well as specific histomorphology appearance of
the tumors [113-115]. The most common fusion (NAB2ex4-
STAT6ex2/3) was identified in pleuropulmonary tumors with
dense fibrosis, benign behavior, and older patients, while the

Dl LN

Sl egtes
S NS A

ST

second most common fusion (NAB2ex6-STAT6ex16/17 or
16/18) was found in younger patients with deep soft tissue
tumors and a more aggressive phenotype and clinical behav-
ior [113, 114]. Biologically aggressive tumors have also
been shown to have secondary alterations that include TERT
promoter mutations and deletions or mutations of TP53
[116, 117]. While these specific molecular findings were
not evaluated in this series, all of the tumors reported were
from non-traditional sites (i.e., non-pleuropulmonary), and
were, in general, in younger patients (median, 44.5 years),
who all had small tumors (<5 cm).

Risk Prediction Modeling

There are several risk stratification proposals for SFT
(Table 1), based on clinical and pathology findings, although
each system employs different criteria, with mitotic index
the only criterion used in all. Before attempting risk stratifi-
cation, the English literature reporting SFT as identified in
the materials and methods was tabulated and summarized
(Table 3). For risk stratification, patient age at presentation,
site of the tumor, size of the tumor, tumor necrosis, cel-
lularity, nuclear pleomorphism, and previous radiation are
variably employed to develop a risk assessment for recur-
rence, metastasis, or overall survival [9, 110-112, 118].
These models each rely on different weighting for each
parameter, obtained using a competing risks framework
and prognostic modeling for multivariate models based on
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Table3 Aggregated
information from current series
and literature summary of
orbit solitary fibrous tumor [7,
10-107]

@ Springer

Characteristics* Current cases Reported cases
(n=12) (n=263)
Sex
Female 125
Male 132
Age (in years)
Range 18—76 5—90
Mean 46.8 43.0
Median 44.5 42.0
Symptom duration (in months)
Range 3-60 1-288
Mean 21.3 29.5
Median 12.0 12
Female (mean) 17.3 24.6
Male (mean) 25.2 34.0
Orbit (mean) 13.6 29.3
Eyelid (mean) 60.0 30.7
Malignant (mean) 3.0 28.3
Clinical presentation
Swelling or mass 12 129
Exophthalmos 10 109
Visual symptoms (blurred vision, double vision) 6 40
Pain 2 15
Tearing (epiphora) 2 14
Ptosis 5 14
Headache 2 5
Anatomic site
Orbit 9 219
Eyelid 2 15
Lacrimal gland 1 13
Lacrimal sac 0 7
Laterality
Left 8 96
Right 4 96
Tumor size (cm)
Range 0.6—3.7 0.4—15.0
Mean 2.5 29
Median 2.6 2.6
Female (mean) 2.5 2.7
Male (mean) 2.4 3.0
Orbit (mean) 2.6 2.9
Other (mean) 2.0 2.9
Malignant 24 3.0
Histologic grade
Benign 11 231
Alive, no evidence of disease 8(71.4) 117 (33.8)
Alive, with disease (local or distant) 2(37.2) 7 (222.7)
Dead, without disease (local or distant) 1(130) 2 (108)
Lost to follow-up - 105
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Table 3 (continued) Characteristics*

Current cases Reported cases

(n=12) (n=263)
Malignant 1 23
Alive, no evidence of disease - 6 (72.5)
Alive, with disease (local or distant) 1(102) 3(119.3)
Dead, with disease (local or distant) - 8 (71.0)
Lost to follow-up - 6
Patients with recurrence 2 51
Average time to recurrence (in months) 33.6 61.2
Patients with metastatic disease 1 5
Lung - 4
Muscle, buccal mucosa, scalp, liver, bone 1 1 (each)
Patients with follow up (average in months) (n=12) (n=144)
Alive, no evidence of disease 8(71.4) 123 (35.7)
Alive, with disease (local or distant) 3(58.8) 11 (191.6)
Dead, with disease (local or distant) 0 10 (78.4)
Follow up (months)
Range 13.8-264.7 0.5-456
Mean 73.1 51.5

*Not stated in all cases

age, creating different prognostic groups, which were then
internally validated through bootstrapping datasets, and
externally validated by an independent cohort validation.
All models establish risk for metastatic disease specifically,
although risk for local recurrence is also predicted in one
model [111]. These models were applied to all patients in
this series (Table 2). Only one patient (8%) in this clinical
series developed metastatic disease: she was 55 years old
with a 2.4 cm orbital tumor, showing increased cellularity,
5 mitoses/2 mm?>, pleomorphism, but no tumor necrosis at
initial evaluation and without previous radiation therapy. By
the Demicco, et al., model, there would be a low prediction
for metastasis (2 points for >4 mitoses/10 HPFs; 1 point for
age > 55 years; total points=3) [112]; by the Salas, et al.
model, there would be a low risk for metastasis (1 point
of >4 mitoses; total points=1) [111]; and by the Pasquali,
et al. model, there would be a high risk for metastatic disease
(3 points for >4 mitoses/10 HPFs; 2 points for high cellular-
ity; 2 points for nuclear pleomorphism; total points=7). The
latter criteria have been applied specifically to non-pleural
primaries, without taking age, site, size or necrosis into
consideration. Thus, modeling risk for orbital tumors may
still need further evaluation [118] perhaps including factors
already employed, but using a slightly different weighting to
account for differences in age at presentation, overall tumor
size, and the high rate of local recurrence, but low rate of
metastatic disease.

In a critical review to determine factors employed in risk
stratification, only 47 cases report all of the criteria used in
the risk models, with only one patient documented to have

metastatic disease to the lung; 12 cases with local recurrence
and three interpreted to be “histologically” malignant based
on increased mitoses, tumor necrosis, increased cellularity,
and marked pleomorphism (Table 4) [10, 11, 29, 31, 35, 40,
43, 45, 47, 50, 52-55, 57, 61, 64-67, 74,78, 79, 85, 87, 99,
102, 104]. Thus, 2.1% of orbital cases develop metastatic
disease, and 26% develop local recurrence, an inverted find-
ing to that reported for SFT in general, where 26% develop
metastatic disease and 10% have local recurrence [99, 112,
118]. As demonstrated, the risk stratification for recurrence
is not reliable, with many cases that develop recurrence
missed in the current models, with the Salas, et al. model
least likely to predict disease for orbital tumors. Attempts to
create a risk stratification model of metastasis when preva-
lence is so low is bound to be fraught with difficulty and
fail. However, perhaps a risk stratification for recurrence
would be more helpful. Still, does one bias to over- or under-
prediction? Generally, medicine is biased to a lower positive
predictive value, while accepting false positives that over-
estimate the potential for developing disease. The Demicco
refined risk stratification uses a <20% false positive rate for
the low risk category as being acceptable [112]. With this
bias in mind, an orbital risk stratification model was devel-
oped to predict local recurrence and/or metastatic disease
(Table 1), recognizing some patients would be predicted to
have recurrence, even though not yet detected (Table 4), and
some patients with recurrence may not be risk stratified as
high risk.

A younger age cut-off (>45 years) was included since
overall orbit tumors tend to develop in younger patients, so
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Table 4 Comparison between Author Histologically Recurrence Metastasis Pasquali [110] Salas [111] Demicco [112] Thompson

pul?lished and proposeq orbit malignant Total score

solitary fibrous tumor risk

stratification for histologically Rice [10] No Yes No 5 1 2 6

malignal.qt, recurrent, and/or Dorfman [11] No Yes No 0 1 2 1

metastatic tumors Hasegawa [29]  No No Yes 0 0 2 3
Hayashi [40] No Yes No 3 1 2 6
Polito [45] No Yes No 3 2 3 6
Ness [53] No Yes No 3 1 3 5
Mascarenhas [57]  Yes No No 7 1 2 5
Tam [64]; 20 yo No Yes No 3 1 2 3
Tam [64]; 50 yo Yes No No 7 1 2 5
Girnita [67] Yes No No 7 1 2 7
Young [74] No Yes No 0 1 2 3
Griepentrog [79] No Yes No 0 0 0 2
Smith [99]; 41 yo No Yes No 0 0 1 2
Smith [99]; 58 yo No Yes No 0 0 2 3
Smith [99]; ISyo  Yes Yes No 7 1 2 5
Current case Yes Yes Yes 7 1 3 6
yo: year old

the 55- and 60-year thresholds used in other systems are
insufficiently discriminating. With a median size of 2.9 cm
from the selected literature cases, a size cutoff of >3 cm
more accurately reflects the relatively smaller size of orbital
tumors in general and how this particular feature must be rel-
atively smaller to be meaningful. The reported risk stratifica-
tion models use 4 mitoses as a cutoff, and so >4 mitoses/2
mm? was included. From sarcoma data, tumor necrosis is
recognized to guide grading, and while not frequently pre-
sent in orbit SFTs, when necrosis is documented it is given
a 1-point value. Given the much smaller tumor size, a 10%
tumor necrosis cutoff was not used, and instead absent or
present was applied. Increased (moderate to high) tumor
cellularity and moderate to severe pleomorphism are each
ascribed 1 point, recognizing these features are generally
included in soft tissue tumor evaluation. These parameters
yield a slightly more robust outcome modeling, although
still not completely predictive. It is important to note that
some cases in the literature had recurrences but were not
documented to be completely excised, and so represents
persistence and not true recurrence. However, if using local
recurrence as a cutoff, then a total score of >3 correctly pre-
dicts recurrence in 13 of 16 patients with recurrence (81%),
while not predicting recurrence in 3 patients (19% false neg-
ative rate) [11, 79, 99]. Further, this model would predict
an intermediate risk of recurrence in 3 of the remaining 31
patients (9.7% false positive rate [61, 99]). Still, these latter
3 patients have been followed for an average of 72.7 months,
while the average time to recurrence is 109.5 months, sug-
gesting that a longer time horizon is needed to completely
validate such a modeling. This latter finding strongly sup-
ports the recommendation that long-term follow-up of all
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orbit SFTs is required, as local recurrence is seen after a sig-
nificant time interval from the initial presentation, reported
as late as 33 years after initial presentation [10, 85-87, 99].

The unique nature of the site is further reinforced, when
a series of previously reported sinonasal tract SFT [122] are
evaluated, 3 of 6 patients would be classified as intermediate
risk of recurrence, and at last follow-up (mean 80.3 months),
none had developed recurrence. Thus, the criteria should
only be applied to orbit tumors and not other head and neck
sites.

Review of Orbital SFTs

About 20% of SFTs develop primarily in the head and neck,
with sinonasal tract tumors more common than orbit [122],
but with about half of head and neck tumors arising from the
meninges. In general, orbital SFTs affect both sexes equally
and present in a younger age group (median 42 years) than
the 5th to 7th decades for other anatomic sites [7, 9, 21,
29, 39, 48, 88, 94, 99, 110, 119, 120], although similar to
meningeal tumors [115, 121]. Tumors are usually present
for about a year before diagnosis, related to the initial non-
specific presentation. In the orbit, an expanding swelling
or mass involving the orbit or eyelid is the most common
finding, with exophthalmos/proptosis seen in many patients.
Changes in vision, blurred vision, or double vision are seen
less often, with pain, epiphora (excessive tearing), ptosis,
and headache much less commonly reported. None of our
cases nor any orbital tumors aggregated from the literature
demonstrated paraneoplastic syndrome, where refractory
hypoglycemia (Doege-Potter syndrome) is reported, usually
due to large tumors which secrete insulin-like growth factor



Head and Neck Pathology (2021) 15:138-152

149

2 (IGF2) [123, 124]. This finding is supported by the NAB2-
STATG6 fusion resulting in a feedforward loop of constitu-
tive EGRI-mediated transactivation of proliferation factors,
which include IGF2 and FGRF1 [6].

There is no specific orbital subsite affected, although
there are a few tumors of the eyelid and lacrimal sac specifi-
cally. While the tumors have a very wide size range (0.4 up
to 15 cm), the median size is 2.6 cm (Table 3). Tumors of
the head and neck are usually smaller than their soft tissue
and cavity-lined counterparts, no doubt due to the anatomic
confines of the region and symptoms that result in earlier
clinical detection [99]. Review of the reported size high-
lights that 95.6% of all cases are <5 cm. As such, tumors in
this anatomic location are smaller than other sites. Imaging
studies are most helpful in delimiting size, disease extent,
and exact location, which can inform management by pre-
surgical embolization or operative approach. The lesions
usually appear as homogenous, isodense to muscle, well-
circumscribed, lobulated soft tissue masses, occasionally
demonstrating internal cystic areas. Pressure remodeling of
bone and displacement of the globe and associated intrinsic
muscles of eye movement can be seen, but generally bone
destruction or orbit infiltration is not present [125]. Post-
contrast enhancement may be seen. Depending on the extent
of collagen, the tumors may have a low T2-weighted MRI
finding. Tumors are well known to strongly enhance after
gadolinium injection [119]. So many tumors of the orbit
are removed piecemeal that an accurate description is more
challenging. However, tumors tend to be firm, white to tan
with occasional cystic or degenerated areas. In patients man-
aged with presurgical embolization, hemorrhage and degen-
eration may be present.

Importantly in such close proximity to the sinonasal
tract, sinonasal glomangiopericytoma is a clinically,
histologically, and molecularly distinctive sinonasal tract
tumor, showing a sheet-like non-specific distribution of
round to ovoid to spindled neoplastic cells set within a
vascular stroma with peritheliomatous hyalinization, and
a rich background of extravasated erythrocytes and mast
cells and a characteristic CTNNBI mutation and nuclear
B-catenin immunohistochemistry expression [126, 127].
These tumors are not reactive with STAT6 [8]. In the
literature, SFT are frequently mis-diagnosed as cavernous
hemangioma, schwannoma (benign peripheral nerve sheath
tumor), pleomorphic adenoma, myofibroma, spindle cell
lipoma, angiofibroma, perineurioma, and even biphenotypic
sinonasal sarcoma. As none of the tumors in the differential
diagnosis are STAT6 immunoreactive, it is worthwhile in
small biopsies of spindled cell tumors from the orbit to
include STAT®6 in the panel of immunohistochemistry stains
performed (ie., pancytokeratin, SOX10, S100 protein, SMA,
B-catenin).

Pre-surgical embolization is effective in reducing intra-
operative bleeding [86, 89, 91, 104, 128], with embolic
material noted in the subsequent excision samples. Impor-
tantly, interpretation of immunohistochemistry studies in
and immediately adjacent to areas of embolization may
result in a loss or reduction of the reactivity, as seen with
STAT6 in the cases managed with embolization. However,
the immunohistochemistry findings are still preserved away
from these areas.

Conclusions

Orbital SFTs are rare neoplasms, more common in younger
patients who present with small tumors that have been pre-
sent for some time. The histologic features alone cannot be
used to predict local recurrence or metastasis, both of which
can be seen to develop after long disease-free intervals. An
orbital risk stratification for SFT is suggested, modify-
ing current extrapleural schemes to account for a signifi-
cantly higher local recurrence risk rather than metastatic
disease while also taking into consideration the generally
younger age at presentation and the smaller tumor size. Fur-
ther refinement of this risk stratification is encouraged to
more accurately and adequately treat these STAT6 positive
neoplasms.
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