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Abstract

Laryngeal mesenchymal neoplasms are rare, with smooth muscle tumors comprising a small subset. Specifically, Epstein-Barr
virus (EBV)-associated smooth muscle tumors are exceptionally rare, lacking a comprehensive evaluation of their clinical
and histologic features. Two patients (a 59 year old male and 51 year old female) had received renal transplants 156 and
240 months, respectively prior to onset of laryngeal symptoms. Supraglottic polypoid masses were identified and removed
conservatively. Histologically, the tumors were hypercellular, showing alternating light and dark areas, the latter composed
of primitive appearing round cells, while a more characteristic spindled tumor cell population was noted in the remaining
areas. Cytoplasmic vacuoles were noted adjacent to the nucleus. There was no tumor necrosis or pleomorphism, but increased
mitotic figures (11-12/2 mm?) were seen, without atypical forms. The tumor cells were strongly immunoreactive with
smooth muscle actin and smooth muscle myosin heavy chain and with Epstein-Barr virus encoded RNA (EBER) by in situ
hybridization. These patients were reviewed in the context of a thorough English literature review, which demonstrates a
wide age range at presentation without a sex predilection, but with most patients from specific ethnic groups (Chinese, Thai,
Pilipino). Three-quarters of patients are part of multifocal disease and the majority are post-renal transplantation patients.
Conservative management seems to yield the best overall outcome for these indolent tumors. In conclusion, EBV-associated
smooth muscle tumors should be considered in any immunocompromised patient with a head and neck smooth muscle tumor,
especially when EBER is documented by in situ hybridization. Conservative management may be employed, even when
multifocal tumors are documented.

Keywords Laryngeal neoplasms - Smooth muscle tumor - EBV-association - Kidney transplantation -
Immunocompromised host

Introduction

Within the head and neck, cutaneous and soft tissue site leio-
myosarcomas are the most common, including metastases to
skin [1-3]. However, mucosal site leiomyosarcomas are rare,
identified in decreasing order of frequency in the sinonasal
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tract, oral cavity, and larynx, with single case reports of
other head and neck sites [4—13]. Therefore, primary smooth
muscle tumors of the larynx are very rare. Epstein-Barr virus
(EBV)-associated smooth muscle tumors are exceptionally
rare in the head and neck region [14-18], and tend to be
identified in immunocompromised patients, usually second-
ary to immunosuppressive therapy (post-transplant), human
immunodeficiency virus (HIV) infection, or severe malnu-
trition [14, 19, 20]. By definition, EBV-associated smooth
muscle tumors are smooth muscle tumors that have EBV-
association, mostly identified in immunosuppressed patients,
and commonly associated with multicentricity [14, 17]. The
rarity of the tumor contributes to a lack of good understand-
ing about diagnosis, management, and outcome. This study
reports two additional patients with EBV-associated smooth
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muscle tumors of the larynx, and presents the findings in the
context of a thorough English literature review.

Materials and Methods

This clinical investigation was conducted in accordance
and compliance with all statutes, directives, and guide-
lines of an Internal Review Board authorization (#5968)
performed under the direction of Southern California
Permanente Medical Group relating to human subjects in
research.

Immunophenotypic analysis was performed in
both cases on a single block from each case by a standard-
ized Envision™ method employing 4 pm-thick, formalin
fixed, paraffin embedded sections. Epitope retrieval was
performed, as required by the manufacturer guidelines.
In situ hybridization was performed for EBER by standard
techniques. Standard positive and negative controls were
used throughout.

A review of the English literature was based on a Pub-
Med search from 1966 to 2021 with all cases of laryngeal
smooth muscle tumors reviewed (approximately 70 cases),
and then focused on EBV-associated tumors specifically.
Cases were excluded if they did not include clinical infor-
mation, imaging findings, pathology descriptions and/or
images, and lacked clinical follow-up data. Specific atten-
tion was given to clinical series which included immuno-
histochemistry information. Potential duplicate reporting
was evaluated (8 potential cases were reported from Singa-
pore), with the reports with the most clinical information
utilized [14-16, 21, 22].

Clinical Cases
Case 1

A 59-year-old Pilipino presented to the otorhinolaryngol-
ogy service with an ongoing history of chronic hoarseness,
cough and upper respiratory tract infection, for the past
2 months. There was mild right-sided chest pain with swal-
lowing solids. There was no otalgia, neck masses, unin-
tended weight loss, hemoptysis, or dyspnea. The patient
was a former cigarette smoker (20 pack-year history, quit
13 years prior to visit). He reported no fevers, chills or
night sweating. There was no family or personal history
of cancers. Physical exam documented a breathy vocal
quality. Fiberoptic nasopharyngolaryngoscopy identi-
fied an erythematous, smooth, pedunculated, round, right
mid-false cord mass (Fig. 1). Initial stroboscopy identi-
fied a well circumscribed right vocal fold mass impairing

Fig.1 a Laryngoscopy demonstrating a mass over the right false
vocal fold (case #1). b Postoperative view of the same area, demon-
strating complete resection of the mass

symmetric mucosal wave. The patient had a history of
renal transplant (13 years earlier from a living unrelated
donor) after developing end-stage renal disease secondary
to hypertensive nephrosclerosis; he had been on arterio-
venous graft hemodialysis for 5 years. He was maintained
on combination cyclosporine and prednisone without
rejection symptoms. His course was complicated by
pyelonephritis and a kidney abscess, managed medically
and through drainage. The patient’s past medical history
includes prediabetes and gout, both medically managed.
A transoral biopsy of the right glottic lesion was per-
formed via indirect laryngoscopy. Follow-up computed
tomography did not show any residual mass lesion, although
there was soft tissue asymmetry at the level of the false
vocal fold. As such, an endoscopic partial laryngectomy
was performed, with laser resection around the false cord.
He recovered uneventfully, and is free of local recurrence
or metastatic disease, 67 months after initial presentation.
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Fig.2 a An intact squamous
epithelium is noted above the
neoplastic proliferation. There
is a vague checkerboard light
and dark appearance. b The
neoplasm shows epithelioid
spindled cells below the surface
epithelium. ¢ The tumor is
highly cellular, showing vesicu-
lar, open nuclear chromatin of
box-shaped to oval nuclei

The gross specimen was a polypoid 1.0x 1.0x 0.7 cm
hemorrhagic, firm to pale soft tissue fragment. Histologi-
cally, there was an intact squamous epithelium. There was
a grenz zone of separation between the surface epithelium
and the neoplastic proliferation (Fig. 2a). The stroma was
entirely filled by a very cellular tumor, present at the stalk
of the sample. A marbleized appearance at low power
showed light and dark areas of an alternating or checker-
board appearance (Fig. 2a). The cells were arranged in a
solid to more fascicular appearance. The neoplastic cells
demonstrated a very high nuclear to cytoplasmic ratio
with a vaguely syncytial quality (Fig. 2b). The nuclei
were irregular with vesicular to open nuclear chroma-
tin and easily identified nucleoli (Fig. 2c¢). A rounded or
more primitive appearance was seen in some areas, which
then blended with more spindled areas. Small vessels are
noted throughout. There was no keloid-like collagen, no
wiry collagen, and no mucoid or myxoid substance in the
background. There was an increased mitotic rate, with 11
mitotic figures/2 mm? (Fig. 3a), including atypical forms
(Ki-67 labelling index of 39%; 75 of 192 cells counted in
a single high power hot spot field). Isolated inflammatory
cells were seen within the proliferation.

By immunohistochemistry, the neoplastic cells were
strongly and diffusely immunoreactive with smooth muscle
actin (Fig. 3b), muscle specific actin, and smooth muscle
myosin heavy chain (Fig. 3c), while negative with pancy-
tokeratin (AE1/AE3), EMA, B-catenin, CD34, S100 protein,
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SOX10, HMB45, Melan-A, ALK-1, TLE1 and claudin-1.
The EBER in situ hybridization demonstrated a strong, dif-
fuse, nuclear result throughout the tumor (Fig. 3d).

The follow-up resection did not have any residual tumor,
with surgery site changes only.

Case 2

A 51-year-old Pilipina presented to the otorhinolaryngology
service with a 3 month history of chronic rhinosinusitis and
throat pain. The patient experienced difficulty when swal-
lowing, especially pronounced on the right side. Endoscopic
exam demonstrated an inflamed cyst-like lesion on the right
arytenoid (Fig. 4). The patient was a never smoker.

The patient had a history of renal transplant (20 years
earlier from a living related [sibling] donor) after develop-
ing end stage renal disease secondary to IgA nephropathy
diagnosed at age 28, with initial hemodialysis followed by
peritoneal dialysis for 2 years. After a bout of subacute
rejection, her condition stabilized. She was maintained on
prednisone, tacrolimus, and mycophenolate sodium. The
allograft failed after 5 years, and was removed due to pain.
After peritoneal dialysis for 2 years, she underwent cadav-
eric renal transplant, which required several units of whole
blood transfusions. Early acute rejection was managed with
thymoglobin. She experienced episodes of acute rejection,
with changes in immunosuppressive therapy to manage her
rejection. Her medical history included hypertension for
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Fig.3 a Numerous mitoses
were easily identified, with

a single high power field
demonstrating 3 mitotic figures
(black arrows). b The neoplastic
cells show a diffuse reaction
with smooth muscle actin, and
¢ with smooth muscle myosin
heavy chain. d There is a strong
nuclear reaction with EBER by
in situ hybridization

22 years (treated with metoprolol tartrate), and secondary
hyperparathyroidism, hyperthyroidism, gastroesophageal
reflux disease, and migraines. Other than the transplants, her
surgical history included a hysterectomy for leiomyomata.
Her family history was significant for her father’s cousin
reported to also have IgA nephropathy and he had undergone
two cadaveric renal transplantations.

Following surgery, which removed the bed of the aryt-
enoid and used CO, laser ablation, no residual tumor
was identified histologically. Radiation was given shortly
after surgery with opposed lateral beams over a 6 week
period to a total dose of 60 Gy. There has been no docu-
mented recurrent disease or metastatic disease, 12 months
after initial presentation.

The initial gross specimen was a 0.8 0.8 X 0.7 cm irregu-
lar, tan-pink fragment of tissue that was entirely submitted.

Histologically, the surface squamous epithelium was most
intact, with focal areas of erosion, but with a grenz zone of
separation between the surface and the soft tissue tumor.
The neoplasm was cellular with tumor noted at all of the
sample borders (Fig. 5a). The cells were arranged in a solid
to storiform-fascicular architecture (Fig. 5b), with numerous
vessels noted at the periphery. The neoplastic cells were seen
scrolling off the vessels wall, suggesting a point of origin.
The neoplastic cells had a very high nuclear to cytoplas-
mic ratio, with a vaguely syncytial quality. A primitive and
rounded cellular appearance was seen in the majority of the
tumor, but other areas showed a more spindled appearance.
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The nuclei were irregular with vesicular to open nuclear
chromatin, and prominent nucleoli (Fig. 5¢). Perinuclear
vacuoles were seen compressing the nuclei which had a box-
shape (Fig. 5d). Mitotic figures were easily identified with
12 mitotic figures/2 mm?, including atypical forms (Ki-67
labelling index of 18.5%; 50 of 271 cells counted in a single
high power hot spot field; Fig. 6a).

By immunohistochemistry, the neoplastic cells showed a
strong and diffuse cytoplasmic reaction with smooth mus-
cle actin (Fig. 6b) and smooth muscle myosin heavy chain
(Fig. 6¢c), while showing a strong nuclear reaction with
p53 and a diffuse nuclear reaction with EBER (by in situ
hybridization; Fig. 6d). The neoplastic cells were negative
for pancytokeratin (AE1/AE3), p63, myogenin, S100 pro-
tein, HMB45, SOX10, EMA, TLE1, and CD99.

There was no residual tumor in the resection margin sam-
ples of the re-excision specimen.

Discussion

Mesenchymal tumors of the larynx are uncommon, with
most accounted for by chondrosarcoma [23-28]. However,
there are case reports of inflammatory myofibroblastic tumor
[29-31], schwannoma, solitary fibrous tumor [32], synovial
sarcoma [25], leiomyosarcoma, and rhabdomyosarcoma
[33]. The smooth muscle tumor category is therefore quite
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Fig.4 a Laryngoscopy demonstrating a polypoid mass (case #2). b
Postoperative view of the same area, demonstrating resection of the
mass

rare, with leiomyosarcomas much more commonly identi-
fied than leiomyomas [34-36]. In general, leiomyosarcomas
account for <0.2% of all laryngeal malignancies [27]. How-
ever, the category of EBV-associated smooth muscle tumors
is an intermediate category of tumors with very few cases
reported (Table 1) [14-18, 21, 22, 37].

Based on the 10 reported literature cases and the two cur-
rent cases, there is a broad age range at presentation, from
8 to 59 years, with a median of 42.5 years and an average
of 38.5 years. Females show a median age of 49 years and
an average of 36.4 years, while males have a median age of
32 years and an average of 41.4 years. It is noteworthy that
the majority of patients are of Asian ethnicity (Chinese =4;
Thai =3; Pilipino =2), with two Latinas. While it cannot be
definitively documented, race or ethnicity may be a co-factor
in the development of this EBV-associated tumor, perhaps
similar to the very strong association with EBV-driven naso-
pharyngeal carcinoma in similar ethnic cohorts (southeast
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Asians). The patients with a primary immunodeficiency due
to genetic or environmental causes (malnutrition) were both
female children (8 and 9 years, respectively), while the trans-
plantation patients were a median of 50.5 years (average,
45.5 years), and the HIV-associated patients were a median
of 40.5 years (average 40.5 years). There is a defined period
from the transplantation or HIV-diagnosis to the develop-
ment of the tumor, with a median of 48 months (average,
92.6 months), suggesting a latency period before tumor
development. There is an equal sex distribution, although
both of the primary immunodeficiency-associated patients
were female [18, 37]. In the post-transplantation setting, all
of the cases reported are in renal transplant patients. Viewed
differently, in a large cohort of renal transplantation patients,
8 EBV-associated smooth muscle tumors were identified in
1123 transplant patients, yielding a 0.7% incidence in trans-
plant patients [16]. The etiology involves EBV infection
in the setting of T-lymphocyte immunosuppression, with
pathogenesis postulated to involve specifically the EBV type
III latency pattern, with mTOR pathway activation [16, 38].
Further, the degree of immunosuppression induced may
increase the likelihood of tumor development rather than
age alone.

Symptoms are non-specific, but dysphonia, hoarseness,
dyspnea, and cough along with pain, are all noted. The
tumor involves the glottis (true vocal cords, n=6), supra-
glottis (n=4) or subglottic zone (n=3), including one tumor
showing a transglottic presentation. Macroscopically, laryn-
geal tumors are much smaller than other anatomic sites, with
all described tumors 2.5 cm or less, with a median of 1.8 cm
(mean, 1.7 cm), probably due to the anatomic confines of the
region resulting in symptomatic presentation due to airway
obstruction. Tumors show a grey-white cut surface.

It is always challenging to tell multifocal tumors versus
metastatic tumors, but in 8 of the 12 reported cases, multifo-
cal tumors are seen [14—17, 22, 37], with the possibility of
multifocal tumors in one of the patients who had a gastric
resection for an unknown tumor type [18]. Tumors involved
the liver, lung, dura-epidural space, spleen, kidney, soft
tissues, jejunum, adrenal gland, nasopharynx, tonsils, and
spine, along with the larynx. However, given the usual lack
of pleomorphism, lack of tumor necrosis, and lack of local
recurrence, it would seem that multifocal tumor is more
likely than metastatic disease.

The histologic findings of these smooth muscle tumors
is the much more primitive appearance to the tumor cells,
whether seen as hypercellular nodules or the dominant find-
ing in the tumor. Whereas intersecting fascicles of spindled
cells with eosinophilic cytoplasm and elongated blunt-
ended nuclei are sometimes seen, along with box-shaped
nuclei with perinuclear vacuoles, the short, blunt cells
have a more rounded appearance, a high nuclear to cyto-
plasmic ratio, nuclear chromatin clearing, and a more solid
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Fig.5 a A cellular tumor is
noted on the borders of the
biopsy. There are alternating
light and dark areas, corre-
sponding to hypo- and hypercel-
lular regions, respectively. b
Short interlacing fascicles of
spindled neoplastic cells. ¢

The primitive neoplastic cells
have an increased nuclear to
cytoplasmic ratio. d Perinuclear
vacuoles are identified adjacent
to and partly compressing the
box-shaped nuclei

Fig.6 a The Ki-67 label-

ling index showed numerous
positive nuclei. b The neoplastic
cells are strongly immunoreac-
tive with smooth muscle actin,

¢ smooth muscle myosin heavy
chain, and d nuclear EBER by
in situ hybridization
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growth. Importantly, there is limited pleomorphism, witha  association may be seen [39, 40], appearing to be the source
monotonous overall appearance [14, 17]. When seen, these of the tumor in some cases. An inflammatory infiltrate may
features may broaden the differential diagnosis. Vascular  be seen sprinkled throughout, but is not to the same degree
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as seen in inflammatory myofibroblastic tumor. Necrosis is
not described in the tumors. The mitotic index is increased,
with a median in the reported cases of 9 mitotic figures/10
high power fields, or 12 mitotic figures/2 mm? for the cur-
rent two reported cases. This relatively high mitotic index
is usually a finding of leiomyosarcoma, although leiomyo-
mas with increased mitoses are certainly recognized, and
are a well-accepted phenomenon in other organs, such as
the uterus [41, 42]. Leiomyosarcomas show moderate to
severe nuclear atypia, epithelioid features, atypical mitoses,
tumor necrosis, and destructive invasion. As these features
are not identified in these EBV-associated neoplasms, the
classification as EBV-associated smooth muscle tumor more
accurately reflects the biologic behavior (i.e., tumor rather
than sarcoma).

By immunohistochemistry, the neoplastic cells show
diffuse reactions with SMA and h-caldesmon, while mus-
cle specific actin, smooth muscle myosin heavy chain, and
desmin expression is more variable [6, 7, 10, 1418, 22, 43].
Reactivity with EBER by in situ hybridization is a consistent
finding, recognizing that EBV-latent membrane protein or
even CD21 (the receptor for EBV) may not be positive, and
in fact are usually reported to be negative [14, 16, 17, 22].

Given the laryngeal anatomic site, a selection of benign
and malignant spindle-cell to round cell neoplasms are
considered, including peripheral nerve sheath tumors, soli-
tary fibrous tumor, desmoid-type fibromatosis, PEComa,
inflammatory myofibroblastic tumor, spindle cell squa-
mous cell carcinoma, mucosal melanoma, monophasic
synovial sarcoma, angiosarcoma, and spindle cell rhab-
domyosarcoma. The single most important discriminator
between all of these lesions and EBV-associated smooth
muscle tumors is the presence of nuclear EBER. There-
fore, including an EBER in situ hybridization study when
reviewing primitive or spindled cell tumors in the larynx
would greatly aid in reaching a diagnosis. It is important
to exclude a spindle cell squamous cell carcinoma, as these
tumors most frequently present as a polypoid mass in the
larynx. Further, it is well known that epithelial markers
may be absent and co-expression of SMA can be seen
[44—-46]. However, the lack of surface involvement, and
the absence of p40, p63, and CK5/6 reactivity, with a
much stronger SMA, SMMHC and H-caldesmon are able
to assist in the separation of smooth muscle tumors from
squamous cell carcinoma. Monophasic synovial sarcoma
are typically hypopharyngeal tumors, not associated with
immunosuppression, and usually show EMA and TLE1
by immunohistochemistry, with coexpression of SMA in
some tumors [25]. An inflammatory myofibroblastic tumor
is often in young adults, showing a mixture of inflamma-
tory cells with myofibroblastic cells, the latter frequently
giving a ganglion cell-type appearance. Tumors are com-
monly ALK immunopositive, but a significant subset,

especially in older patients, are ALK negative, while still
showing muscle marker reactivity [30, 47-50]. Spindle
cell melanoma usually shows prominent nucleoli, intra-
nuclear cytoplasmic inclusions, and cytoplasmic pigmen-
tation, with a strong reaction with SOX10, S100 protein,
HMBA45, and/or Melan-A, while lacking muscle markers
[51-53]. An angiosarcoma shows freely anastomosing
vessels, neolumen formation, extravasated erythrocytes,
and demonstrates reactivity with vascular markers (ERG,
FLI1, CD34, CD31, D2-40), which are not seen in smooth
muscle tumors [54]. A rhabdomyosarcoma could be simi-
lar, but tends to have tumor necrosis, and demonstrates
desmin, myogenin, MYO-D1, and myosin immunoreactiv-
ity. Peripheral nerve sheath tumors (benign or malignant)
usually show S100 protein and/or SOX10 reactivity, which
is not seen in EBV-associated smooth muscle tumors.
PEComa usually shows cleared cells and tends to be a
neck tumor, rather than laryngeal mass, with both desmin
and HMB45 immunoreactivity [10, 55, 56]. Desmoid-type
fibromatosis affects the neck, rather than larynx, and dem-
onstrates a much more hypocellular proliferation, with col-
lagen deposition and nuclear B-catenin immunoreactivity
[57-60]. A solitary fibrous tumor shows more buckled or
wavy nuclei, dense, keloid-like collagen deposition, and
is strongly immunoreactive with STAT6 [32].

One of the unique findings in larynx EBV-associated
smooth muscle tumors is a more primitive or round cell
appearance, along with a relatively increased mitotic rate
in a tumor that does not show necrosis or pleomorphism.
Thus, it is probably prudent in head and neck smooth muscle
tumors to perform EBER for mucosal site primaries, just to
exclude the association. Further, obtaining clinical informa-
tion about a history of immunosuppression for any reason
would also aid in interpretation, and potentially influence
management. Association with Li-Fraumeni syndrome and
radiation exposure is not documented for EBV-associated
tumors, even though identified as a predisposing factor in
other head and neck smooth muscle tumors (especially leio-
myosarcomas) [10].

Prognosis is mainly dependent on the condition of the
individual patient’s immune system, but nearly all of the
reported cases in the larynx (and other head and neck sites)
show an indolent behavior, managed by limited surgery,
without development of metastatic disease. Still, as many
of the cases may be part of multifocal disease, close clinical
follow-up is required to detect development of a new tumor.
In the 12 reported patients, 3 have died; 2 with disease at 48
and 108 months, while the other patient died at 105 months
without disease. Of the remaining 9 patients who are alive,
two have evidence of disease at 20 and 60 months of fol-
low-up respectively. However, none of the reported patients
have developed metastatic disease or recurrence locally,
even when part of multifocal disease. Still, follow-up is an
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average of 44.8 months for all patients, and 37.6 months
for those who are still alive, and thus is a relatively short
duration. Still, based on current findings, it seems that EBV-
associated smooth muscle tumors of the larynx can be man-
aged conservatively with local excision, without radical
resection or follow-up radiation or chemotherapy. Ten of
the reported patients had conservative management, with
only two patients treated with follow-up radiation therapy.

Conclusions

EBV-associated smooth muscle tumors may be seen in the
larynx and other head and neck organ sites. The clinical
information about patient immunocompromise must be
actively sought and documented, with kidney transplantation
a common reason for immunocompromise. The tumors have
a polypoid appearance grossly and can be removed conserv-
atively without radical resections. The histologic features are
characteristic of smooth muscle tumors, although frequently
showing alternating light and dark areas which match the
low power cellularity, with areas of a “round-cell” pattern
noted. Mitotic figures may be increased (median 9/2 mm?),
but without atypical forms, tumor necrosis, or significant
pleomorphism, leiomyosarcoma should not be diagnosed.
The neoplastic cells are highlighted with SMA, H-calde-
smon, smooth muscle myosin heavy chain, and EBER by
in situ hybridization, the latter a critical study in confirming
the diagnosis.

Funding No external funding was obtained for this study.

Declarations

Conflict of interest All authors declare that they have no conflict of
interest as it relates to this research project.

Ethical approval All procedures performed in this retrospective data
analysis involving human participants were in accordance with the ethi-
cal standards of the institutional review board (IRB #5968), which did
not require informed consent. The opinions or assertions contained
herein are the private views of the authors and are not to be construed
as official or as reflecting the views of Southern California Permanente
Medical Group.

References

1. Annest NM, Grekin SJ, Stone MS, Messingham MJ. Cutaneous
leiomyosarcoma: a tumor of the head and neck. Dermatol Surg.
2007;33(5):628-33.

2. Wang WL, Bones-Valentin RA, Prieto VG, et al. Sarcoma metas-
tases to the skin: a clinicopathologic study of 65 patients. Cancer.
2012;118(11):2900-4.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Workman AD, Farquhar DR, Brody RM, et al. Leiomyosar-
coma of the head and neck: a 17-year single institution experi-
ence and review of the National Cancer Data Base. Head Neck.
2018;40(4):756-62.

Leu HJ, Makek M. Intramural venous leiomyosarcomas. Cancer.
1986;57(7):1395-400.

Farshid G, Pradhan M, Goldblum J, Weiss SW. Leiomyosar-
coma of somatic soft tissues: a tumor of vascular origin with
multivariate analysis of outcome in 42 cases. Am J Surg Pathol.
2002;26(1):14-24.

Montgomery E, Goldblum JR, Fisher C. Leiomyosarcoma of
the head and neck: a clinicopathological study. Histopathology.
2002;40(6):518-25.

Marioni G, Staffieri C, Marino F, Staffieri A. Leiomyosarcoma
of the larynx: critical analysis of the diagnostic role played by
immunohistochemistry. Am J Otolaryngol. 2005;26(3):201-6.
Eppsteiner RW, DeYoung BR, Milhem MM, Pagedar NA. Leio-
myosarcoma of the head and neck: a population-based analysis.
Arch Otolaryngol Head Neck Surg. 2011;137(9):921-4.
Schiitz A, Smeets R, Driemel O, et al. Primary and second-
ary leiomyosarcoma of the oral and perioral region—clinico-
pathological and immunohistochemical analysis of a rare
entity with a review of the literature. J Oral Maxillofac Surg.
2013;71(6):1132-42.

Agaimy A, Semrau S, Koch M, Thompson LDR. Sinonasal leio-
myosarcoma: clinicopathological analysis of nine cases with
emphasis on common association with other malignancies and
late distant metastasis. Head Neck Pathol. 2018;12(4):463-70.
Yue LE, Qazi M, Kiplagat K, et al. A rare primary leiomyosar-
coma of the parotid gland: a case report and literature review. Am
J Otolaryngol. 2018;39(3):345-8.

Ko EM, McHugh JB. Primary leiomyosarcoma of the buccal
mucosa: report of a case and review of the literature. Head Neck
Pathol. 2018;12(4):529-33.

Saluja TS, Iyer J, Singh SK. Leiomyosarcoma: prognostic outline
of a rare head and neck malignancy. Oral Oncol. 2019;95:100-5.
Deyrup AT, Lee VK, Hill CE, et al. Epstein-Barr virus-associ-
ated smooth muscle tumors are distinctive mesenchymal tumors
reflecting multiple infection events: a clinicopathologic and
molecular analysis of 29 tumors from 19 patients. Am J Surg
Pathol. 2006;30(1):75-82.

Suankratay C, Shuangshoti S, Mutirangura A, et al. Epstein-Barr
virus infection-associated smooth-muscle tumors in patients with
AIDS. Clin Infect Dis. 2005;40(10):1521-8.

Ong KW, Teo M, Lee V, et al. Expression of EBV latent antigens,
mammalian target of rapamycin, and tumor suppression genes
in EBV-positive smooth muscle tumors: clinical and therapeutic
implications. Clin Cancer Res. 2009;15(17):5350-8.

Huang J, Loh KS, Petersson F. Epstein-barr virus-associated
smooth muscle tumor of the larynx: report of a rare case mimick-
ing leiomyosarcoma. Head Neck Pathol. 2010;4(4):300-4.
Soares CD, Carlos R, Molina JPD, de Lima Morais TM, de
Almeida OP. Laryngeal Epstein-Barr virus-associated smooth
muscle tumor in an undernourished child. Head Neck Pathol.
2019;13(4):722-6.

Hussein K, Rath B, Ludewig B, Kreipe H, Jonigk D. Clinico-
pathological characteristics of different types of immunode-
ficiency-associated smooth muscle tumours. Eur J Cancer.
2014;50(14):2417-24.

Magg T, Schober T, Walz C, et al. Epstein-Barr virus(+) smooth
muscle tumors as manifestation of primary immunodeficiency
disorders. Front Immunol. 2018;9:368.

Issarachaikul R, Shuangshoti S, Suankratay C. Epstein-Barr virus-
associated smooth muscle tumors in AIDS patients: a largest case
(series). Intern Med. 2014;53(20):2391-6.



Head and Neck Pathology (2021) 15:1162-1171

n7n

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gan EC, Lau DP, Chuah KL. Epstein-Barr virus-associated
smooth muscle tumour mimicking bilateral vocal process granu-
loma. J Laryngol Otol. 2008;122(1):100—4.

Thompson LD, Gannon FH. Chondrosarcoma of the larynx: a
clinicopathologic study of 111 cases with a review of the litera-
ture. Am J Surg Pathol. 2002;26(7):836-51.

Maikitie AA, Devaney KO, Baujat B, Almangush A, Ferlito A.
Characteristics of laryngeal osteosarcoma: a critical review. Oncol
Ther. 2020;8(1):33-44.

Mantilla JG, Xu H, Ricciotti RW. Primary sarcomas of the larynx:
a single institutional experience with ten cases. Head Neck Pathol.
2020;14(3):707-14.

Saraydaroglu O, Narter S, Ozsen M, Coskun H. Non-epithelial
tumors of the larynx: case series of 12 years. Eur Arch Otorhi-
nolaryngol. 2019;276(10):2843-7.

Ciolofan MS, Vldescu AN, Mogoanta CA, et al. Clinical, histo-
logical and immunohistochemical evaluation of larynx cancer.
Curr Health Sci J. 2017;43(4):367-75.

Coca-Pelaz A, Rodrigo JP, Triantafyllou A, et al. Chondro-
sarcomas of the head and neck. Eur Arch Otorhinolaryngol.
2014;271(10):2601-9.

Wang Z, Zhao X, Li K, et al. Analysis of clinical features and
outcomes for inflammatory myofibroblastic tumors in China:
11 years of experience at a single center. Pediatr Surg Int.
2016;32(3):239-43.

Yan Q, Hu XL. Inflammatory myofibroblastic tumor of the larynx:
report of a case and review of the literature. Int J Clin Exp Pathol.
2015;8(10):13557-60.

Wenig BM, Devaney K, Bisceglia M. Inflammatory myofibro-
blastic tumor of the larynx. A clinicopathologic study of eight
cases simulating a malignant spindle cell neoplasm. Cancer.
1995;76(11):2217-29.

Thompson LD, Karamurzin Y, Wu ML, Kim JH. Solitary fibrous
tumor of the larynx. Head Neck Pathol. 2008;2(2):67-74.
Pittore B, Fancello G, Cossu Rocca P, Ledda GP, Tore G. Rhab-
domyosarcoma: a rare laryngeal neoplastic entity. Acta Otorhi-
nolaryngol Ital. 2010;30(1):52-7.

Aitken-Saavedra J, da Silva KD, Gomes AP, et al. Clinicopatho-
logic and immunohistochemical characterization of 14 cases of
angioleiomyomas in oral cavity. Med Oral Patol Oral Cir Bucal.
2018;23(5):e564-8.

Fu YS, Perzin KH. Nonepithelial tumors of the nasal cavity, para-
nasal sinuses, and nasopharynx: a clinicopathologic study. IV.
Smooth muscle tumors (leiomyoma, leiomyosarcoma). Cancer.
1975;35(5):1300-8.

Nepal A, Chettri ST, Joshi JJ, Karki S. Benign sinonasal masses:
a clinicopathological and radiological profile. Kathmandu Univ
Med J (KUM)). 2013;11(41):4-8.

Reyes C, Abuzaitoun O, De Jong A, Hanson C, Langston
C. Epstein-Barr virus-associated smooth muscle tumors in
ataxia-telangiectasia: a case report and review. Hum Pathol.
2002;33(1):133-6.

Tan CS, Loh HL, Foo MW, et al. Epstein-Barr virus-associated
smooth muscle tumors after kidney transplantation: treatment and
outcomes in a single center. Clin Transplant. 2013;27(4):E462-8.
Hachisuga T, Hashimoto H, Enjoji M. Angioleiomyoma.
A clinicopathologic reappraisal of 562 cases. Cancer.
1984;54(1):126-30.

Petersson F, Huang J. Epstein-Barr virus—associated smooth mus-
cle tumor mimicking cutaneous angioleiomyoma. Am J Dermato-
pathol. 2011;33(4):407-9.

Oliva E. Practical issues in uterine pathology from banal to bewil-
dering: the remarkable spectrum of smooth muscle neoplasia.
Mod Pathol. 2016;29(Suppl 1):5S104-20.

Chow KL, Tse KY, Cheung CL, et al. The mitosis-specific marker
phosphohistone-H3 (PHH3) is an independent prognosticator in

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

uterine smooth muscle tumours: an outcome-based study. Histo-
pathology. 2017;70(5):746-55.

Marioni G, Bertino G, Mariuzzi L, et al. Laryngeal leiomyosar-
coma. J Laryngol Otol. 2000;114(5):398—401.

Thompson LD, Wieneke JA, Miettinen M, Heffner DK. Spindle
cell (sarcomatoid) carcinomas of the larynx: a clinicopathologic
study of 187 cases. Am J Surg Pathol. 2002;26(2):153-70.

de Aratdjo AB, Serrano TLI, Pedroso MCM, et al. Clinicopatho-
logic diagnostic and prognostic factors of spindle cell carcinoma
of upper airway. Pathol Oncol Res. 2020;26(2):1097-104.
Thompson LD. Laryngeal dysplasia, squamous cell carcinoma,
and variants. Surg Pathol Clin. 2017;10(1):15-33.

Girardi FM, Fontana CW, Kroef RG, et al. Laryngeal inflammatory
myofibroblastic tumor. Ear Nose Throat J. 2014;93(12):E10-2.
Yamamoto H, Yoshida A, Taguchi K, et al. ALK, ROS1 and
NTRK3 gene rearrangements in inflammatory myofibroblastic
tumours. Histopathology. 2016;69(1):72-83.

Pierry C, Perot G, Karanian-Philippe M, et al. Polypoid laryn-
geal inflammatory myofibroblastic tumors: misleading lesions:
description of six cases showing ALK overexpression. Am J Clin
Pathol. 2015;144(3):511-6.

Antonescu CR, Suurmeijer AJ, Zhang L, et al. Molecular charac-
terization of inflammatory myofibroblastic tumors with frequent
ALK and ROS1 gene fusions and rare novel RET rearrangement.
Am J Surg Pathol. 2015;39(7):957-67.

Xu X, Palsgrove D, Kurian E, et al. Variable expression of S100
protein in sinonasal malignant mucosal melanoma: a potential
diagnostic pitfall. Head Neck Pathol. 2020;14:929.

Miettinen M, McCue PA, Sarlomo-Rikala M, et al. Sox10-a
marker for not only schwannian and melanocytic neoplasms but
also myoepithelial cell tumors of soft tissue: a systematic analysis
of 5134 tumors. Am J Surg Pathol. 2015;39(6):826-35.
Thompson LD, Wieneke JA, Miettinen M. Sinonasal tract
and nasopharyngeal melanomas: a clinicopathologic study of
115 cases with a proposed staging system. Am J Surg Pathol.
2003;27(5):594-611.

Loos BM, Wieneke JA, Thompson LD. Laryngeal angiosarcoma:
a clinicopathologic study of five cases with a review of the litera-
ture. Laryngoscope. 2001;111(7):1197-202.

Dickson BC, Chung CT, Hurlbut DJ, et al. Genetic diversity in
alveolar soft part sarcoma: a subset contain variant fusion genes,
highlighting broader molecular kinship with other MiT family
tumors. Genes Chromosomes Cancer. 2019;59:23.

Agaimy A, Michal M, Thompson LD, Michal M. Angioleiomy-
oma of the sinonasal tract: analysis of 16 cases and review of the
literature. Head Neck Pathol. 2015;9(4):463-73.

Koike H, Nishida Y, Kohno K, et al. Is immunohistochemical
staining for beta-catenin the definitive pathological diagnostic tool
for desmoid-type fibromatosis? A multi-institutional study. Hum
Pathol. 2019;84:155-63.

Akyol A, Guner G, Ozseker HS, et al. An immunohistochemi-
cal approach to detect oncogenic CTNNB1 mutations in primary
neoplastic tissues. Lab Invest. 2019;99(1):128-37.

Agaimy A, Haller F. CTNNBI (beta-Catenin)-altered Neoplasia: a
review focusing on soft tissue neoplasms and parenchymal lesions
of uncertain histogenesis. Adv Anat Pathol. 2016;23(1):1-12.
Flucke U, Tops BB, van Diest PJ, Slootweg PJ. Desmoid-type
fibromatosis of the head and neck region in the paediatric popula-
tion: a clinicopathological and genetic study of seven cases. His-
topathology. 2014;64(6):769-76.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



