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1 | INTRODUCTION
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Abstract

We investigated the clinical features, treatment, and prognosis of laryngeal
leiomyosarcoma (LLMS) and Epstein-Barr virus-associated (EBV-associated)
LMS. We report a case of EBV-associated LLMS in an adult patient with HIV
infection. We also conducted a review of the English-language literature on
LLMS and EBV-associated leiomyosarcoma. To the best of our knowledge,
62 cases of LLMS and EBV-associated leiomyosarcoma have been reported to
date. Of patients with LLS, 18.9% had distant metastases and 17.0% had local
recurrence. The overall 5-year survival rate was 64.0%. Distant metastases
affected the survival of patients with LLMS (p = 0.04). EBV-positive patients
had a low survival rate (p = 0.01). Among patients with EBV-associated LMS,
8.2% had distant metastases and recurrence and the overall 5-year survival rate
was 50.0%. EBV-associated LLMS is rare. The EBV infection might be a poor
prognostic factor of LLMS.
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Laryngeal leiomyosarcoma (LLMS) is uncommon. It con-
stitutes approximately 7.4% of all LMS cases." It was first
reported by Jackson and Jackson in 1939.7 To the best of
our knowledge, 62 cases of LLMS have been reported in
the English-language literature."* >

Factors predisposing to LLMS include radiation expo-
sure, surgery, multiple basal cell carcinoma syndrome,
Gardner syndrome, tuberous sclerosis, neurofibromatosis,

patients.*">>

Several cases of EBV-related LMS in immunosup-
pressed patients have been reported.>>?°**>*%% T MS in
immunosuppressed patients after organ transplantation
and in patients with human immunodeficiency virus
(HIV) is associated with EBV. EBV-associated LMS is
common in children with HIV, and uncommon in adult
patients with HIV.?>**3%%%% Marjoni et al.'® reported
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LLMS in a patient with two kidney transplants. They
detected EBV in LMS tissues but not neoplastic tissues.
To date, only three cases of LLMS related to EBV infec-
tion have been reporte

We report a case of EBV-related LLMS in an adult
patient with HIV infection. We also reviewed cases of
LLMS and EBV-related LMS by searching the MEDLINE

d 25,29,39

FIGURE 1
commissure of the vocal cord [Color figure can be viewed at

Laryngoscopy showed a mass in the anterior

wileyonlinelibrary.com]

FIGURE 2 MRI of the
larynx showed a 1.0 x 1.1 cm
mass at the anterior commissure
(arrow). The mass was
hyperintense in T1 images (A),
T2 images (B), and DWI (C), and
showed strong contrast
enhancement (D)

and EMBASE databases, and analyzed their clinical fea-
tures, treatment, and prognosis.

2 | CASE REPORT

A 20-year-old male with a 7-month history of hoarseness
presented to the Department of Otolaryngology of our hos-
pital. Laryngoscopy showed a mass in the anterior commis-
sure of the vocal cords (Figure 1). During hospitalization,
he was determined to be HIV positive and received antire-
troviral therapy (lamivudine 300 mg plus efavirenz 600 mg
plus tenofovir fumarate 300 mg QD) for 6 months. The
EBV-DNA serum level was high (5.56 x 10* copies/mL;
normal, <500 copies/mL).

The patient was transferred to the Department of
Infection. There were no complaints of difficulty breath-
ing or dysphagia. He was a non-smoker and not an alco-
holic. He had no cervical lymphadenopathy. Rigid
laryngoscopy showed a 0.5 x 1.0 cm mass located at the
anterior commissure covering the bilateral vocal cord
and subglottic extension. The mobility of both vocal cords
was normal. MRI of the larynx showed a 1.0 x 1.1 cm
mass at the anterior commissure. The mass was hyperin-
tense in T1 images, hyperintense in T2 images, hyperin-
tense in diffusion-weight imaging (DWI), and showed
strong contrast enhancement. The paraglottic and
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FIGURE 3

Postoperative pathological results showed proliferation of spindle-shaped cells arranged in solid bundles with infiltrating

growth (A, hematoxylin and eosin; original magnification, x20). Immunohistochemical analysis showed that the tumor cells were positive
for SMA (B, x20), p-catenin (C, x20), and caldesmon (D, x20). Tumor cells were EBER positive in ISH (E, x20). The Ki-67 positivity rate

was 40% (F) [Color figure can be viewed at wileyonlinelibrary.com]

pre-epiglottic spaces were clear (Figure 2). Thereafter,
microlaryngosurgery was performed under general anes-
thesia and the exposed tumor was a 0.5 x 1.0 cm mass at
the anterior commissure covering the bilateral vocal cords
and subglottic extension. The postoperative pathological
results showed proliferation of spindle-shaped cells
arranged in solid bundles with infiltrating growth. There
were 10 mitoses per 10 high-power fields. The mitotic rate
was >10 per field. Immunohistochemical analysis showed
that the tumor cells were positive for smooth muscle actin
(SMA), p-catenin, caldesmon, and CD99 (Figure 3) and neg-
ative for CK (pan), S-100, desmin, CD3, CD31, ERG,
HHVS, SOX10, STAT6, and MyoD1. Tumor cells were posi-
tive for Epstein-Barr early RNA in in situ hybridization
(ISH) analyses. The Ki-67 positivity rate was 40%. According
to the eighth version of the AJCC T/N/M classification for
laryngeal cancer, the T/N/M classification of LLMS was
T1uNoMp and TNM stage 1.

The patient underwent CO, laser resection by microlar-
yngeal surgery under general anesthesia. The tumor was
completely resected, and with clear surgical margins. Post-
operative recovery was uneventful, and the patient was dis-
charged the next postoperative day. After 2 months of
follow-up, no further recurrence or metastasis were noted.

This study was approved by the Institutional Review
Board of The First Affiliated Hospital, College of Medi-
cine, Zhejiang University, China.

3 | DISCUSSION/LITERATURE
REVIEW

3.1 | Clinical features of laryngeal
leiomyosarcoma

LLMS is uncommon; we identified 62 cases in the
English-language literature (Table 1)."*~>° Tangjaturon-
rasme found that the number of LLMS cases was increas-
ing; four cases were reported from 1961 to 1970,
compared to 21 cases from 2000 to 2010. This may be a
result of advances in diagnostic techniques, including
immunohistochemical techniques and electron micros-
copy.*® We found 21 cases from 2000 to 2010 and 21 from
2011 to 2021.

Among the 62 LLMS cases, 61 had complete clinical
details. There were 55 males (90.2%) and 6 females
(9.8%); the male-to-female ratio was approximately 9:1.
The patients ranged in age from 10 to 85 years at initial
presentation, with a mean age of 59.1 years. The results
were similar to a prior report.”® Among the 61 patients
for whom age data were available, 4 patients (6.6%) were
<30 years old, 5 (8.2%) were 30-39 years old, 10 (16.4%)
were 40-49 years old, 24 (39.3%) were 50-69 years old,
10 (16.4%) were 70-79 years old, and 8 patients (13.1%)
were >80 years old. Most patients (68.8%) were >50 years
old, unlike the report by Paczona et al.'> Reyes et al.*
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reported a case of LLMS in a 10-year-old girl, the youn-
gest patient documented in the English-language
literature.

LLMS originated from or involved the following
regions: 41 of 61 (67.2%) the glottis, 13 of 61 (21.3%) the
supraglottis, 5 of 61 (8.2%) the subglottis, and 2 of
61 (3.3%) the transglottis. The clinical symptoms of LLMS
depended on its size, site, extent, and surrounding struc-
tures.”® We found that 22 of 61 patients (36.1%) had
hoarseness as the sole symptom, 8 of 61 (13.1%) had dys-
phonia, 5 of 61 (8.2%) had dyspnea, 3 of 61 (4.9%) had
stridor, and 1 of 61 (1.6%) had difficulty swallowing. Most
patients had overlapping presentations: 8 of 61 (13.1%)
had hoarseness and dyspnea, and 14 of 61 (23.0%) had
hoarseness/stridor/dyspnea/dysphagia. Ten of sixty-one
patients (16.4%) had emergency tracheostomy for serious
dyspnea,'®!7:283335,39:4346.47.53 The Jaryngoscopic mani-
festations of LLMS are diverse. It may be limited to the
glottis or cover the laryngeal cavity. It may be an ulcero-
proliferative mass, a prolapsing exophytic tumor, a
rounded mass with smooth surface, a pedunculated large
glottic lesion, an irregular mass, a polypoid lesion, or a
small, smooth submucosal lesion. Only two cases (3.3%)
had neck lymph node metastasis.'*>* The finding in the
present case was an irregular mass at the anterior com-
missure covering the bilateral vocal cords and subglottic
extension.

CT and MRI for LLMS can confirm the content and
size of the tumor, its relationship with surrounding struc-
tures, and neck lymph node metastasis. In CT, the tumor
may show heterogeneous enhancement. In MRI, the
tumor is hyperintense in T1 images hyperintense in T2
images, hyperintense in DWI, and showed strong con-
trast enhancement.

3.1.1 | Pathogenesis

The low incidence of LLMS is caused by the scarcity of
smooth muscle in the larynx. In the larynx, only blood
vessels have smooth muscle tissue, and tumors typically
develop from smooth muscle in the tunica media of ves-
sel walls. There are five competing hypotheses on the
pathogenesis of LLMS.'>#+47:539%100 1t can develop pri-
marily from smooth muscle in the tunica media of vessel
walls. Metastases from LMS in other sites can invade the
larynx. LLMS may be from aberrant differentiation of
mesenchymal tissue in the larynx. It may arise from
squamous epithelium by divergent differentiation into
mesenchymal cells; that is, rhabdomyoblastic differentia-
tion. Although rhabdomyoblastic differentiation in the
larynx is rare, it is common in other organs of the upper
respiratory tract. Among 61 cases of LLMS, 5 (8.2%) had

simultaneous LLMS and squamous cell carcinoma
(SCC).374431:33:55 Ope patient had been treated for laryn-
geal SCC 15 years prior. Synchronous malignant LMS
and SCC of the respiratory system may result from sar-
coma originating from complete or incomplete mesen-
chymal metaplasia of the neoplastic tumor.”’ Both
synchronous tumors express the same antigens'! or the
same p53 mutations.'*>'%?

Aberrant differentiation after healing of surgical
trauma may be an alternative pathway in the pathogene-
sis of LLMS. Tissue trauma including surgery may be a
risk factor for head-and-neck sarcoma.*®*"*”'%* Dijkstra
et al.'® reported that 5 of 60 head-and-neck sarcomas
had a history of surgery at the site of sarcoma; 2 were
LMS. Among 61 patients with LLMS, 3 were diagnosed
after treatment for metachronous laryngeal SCC.***"*’
One received CO, laser microsurgery and the others
underwent total laryngectomy.*® Volker et al.*® suggested
that surgical trauma might lead to aberrant differentia-
tion and LLMS.

Fusconi et al.** proposed that LLMS might develop
from residual stem cells of macula flava, which could be
mesenchymal or stromal stem cells in bone mar-
row.'%>'% These can differentiate into smooth muscle
CeuS.lOS’l(m

3.1.2 | Predisposing factors

Unlike SCC, LMS is not strongly associated with a history
of smoking. In this review, only 27 articles provided a his-
tory of smoking and alcohol use. Twelve patients (44.4%)
had no history of smoking or alcohol consumption, seven
patients (25.9%) had a history of both smoking and drink-
ing, and eight patients (29.7%) had a history of smoking
but no alcohol consumption.

Predisposing factors of LMS include radiation expo-
sure, surgery,®®*"*”:5! multiple basal cell carcinoma
syndrome,'””  Gardner  syndrome,'®®  tuberous
sclerosis,'® neurofibromatosis,!'® retinoblastoma,'*
Turcot syndrome,''* and EBV infection in immunosup-
pressed patients.'®> Most of the 60 patients with LLMS,
however, had no past medical history.

In some cases, a history of immunosup-
pression may predispose to LMS, such as HIV
infection’29,62,64,65,67769,72,75,76,82,86,87,90,93,94,96,97 pOSt'
transplantation, and
EBV. Marioni et al.'” reported one patient with LLMS
who had received two kidney transplants; the patient
was negative for EBV in PCR and Southern blotting.

Chromosomal breakage syndrome is a risk factor for
developing malignant tumors.''*''* Reyes et al.* first
detected EBV positivity in LMS patients. They reported a

58,60,61,66,71,73,74,77,79,80,83-85,91,92,95
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10-year-old girl with a history of ataxia telangiectasia
(AT) 5 years prior, who underwent right partial supra-
glottic laryngectomy due to LLMS. Approximately
8 months later, a jejunal mass was detected and subse-
quently confirmed to be leiomyoma. EBV ISH was strongly
positive.”> Therefore, AT may be a risk factor for LMS. AT
is a chromosome breakage syndrome, together with
Bloom's syndrome, Fanconi's anemia, xeroderma pigmen-
tosa, and Nijmegen breakage syndrome. Chromosomal
breakage syndromes are characterized by chromosome
instability as a result of autosomal recessive defects of DNA
repair mechanisms.''*''* They are a risk factor for lym-
phoma, leukemia, various cancers, and osteosarcoma.**?
Patients with Sézary syndrome (SS) are predisposed
to secondary malignancies."'>"''° SS is a leukemic form of
epidermotropic cutaneous T-cell lymphoma character-
ized by pruritus and squamous erythroderma. Among
patients with SS, 27% develop a secondary malignancy."’
Ingen-Housz-Oro et al.** reported a 78-year-old female
patient with LLMS who had a history of SS; she was neg-
ative for EBV by immunochemistry and ISH. The carci-

drug therapy, no metastasis and recurrence, 1 month alive

recurrence, 7 months dead
CO, laser surgery, no metastasis and recurrence, 3 months alive

Near-total excision of the tumor + antiretroviral combination
Left lateral segmentectomy + chemotherapy, no metastasis and
Radiotherapy, no metastasis and recurrence, 6 months alive

Surgery, no metastasis and recurrence, 16 months alive

Treatment, recurrence, metastasis and outcome
NA

§ S S g nogenic side effect of chlorambucil used for SS might
§ % o £ increase the risk for a secondary LMS.*?
- § ) § % Liver LMS may be associated with a history of cirrho-
g é § = S sis."'”"® Delis et al.'*® reported a patient with LMS of
'f §3 ﬁ; g the inferior vena cava who had a history of cirrhosis.
= P g g Preti et al.”® reported a patient with LMS who had a his-
S > 5 2L p 3 > tory of cirrhosis.
= = T I3 = EBV is associated with lymphoma, Hodgkin's disease,
2 nasopharyngeal carcinoma, gastric adenocarcinoma, and
Z g lymphoepithelioma-like carcinomas.’*®'** EBV associ-
g f ated with smooth muscle tumor (SMT) of the larynx has
3 28 been reported.'*® Whaley et al.'** identified 12 cases of
g ER: EBV-associated laryngeal SMT. To the best of our knowl-
;ﬁ g ; edge, only four cases of EBV-associated LLMS have been
g ) 22 03 reported,”*** including the present case.
g % . Ez2f:
2 5 2 sg 282 §
B A hS [Fa s > .
< 3.2 | EBV-associated LLMS and LMS
% 3 Q S ¢ = S . . . . .
E S S s 2 3 S EBV-associated LMS may be multifocal/multicentric dis-
ease, including LLMS.* Some EBV-associated SMTs lack
important characteristics of LMS, that is, severe nuclear aty-
pia, epithelioid features, atypical mitoses, tumor necrosis,
o ‘ and destructive invasion.'**'** Thus, SMT is not LMS. We
< % 5’{_‘3 . % 5 o % searched PubMed for English-language articles using the
E § El ‘fg £ % 2 8 § keywords “Epstein-Barr virus associated leiomyosarcoma”
£ & § < § « g g 3 or “EBV and leiomyosarcoma” or “EBV and smooth muscle
S é g 3 § § § E’ <Zc“ tumor” or “Epstein-Barr virus associated smooth muscle
~ " g tumor;” SMTs were excluded. Our patient presented with
M - S . . . .
=l § E dlsc?ase in the larynx but no othe;g sites during the follow-up
2 2 ‘é ~ % Qa2 3 % perlod,' as repprted pre.v10usly. However, the follow-up
& < was of insufficient duration.
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TABLE 3
EBV-associated leiomyosarcoma

Summary of clinical features of 62 patients with

No. of
Clinical features patients (%)
Sex
Female 35 (56.5)
Male 27 (43.5)
Age
<10 years old 18 (29.1)
10-20 years old 10 (16.1)
>20 years old 34 (54.8)
Past medical history
HIV infection 36 (58.1)
Post-transplantation 18 (29.1)
Acute lymphoblastic leukemia 1(1.6)
Common variable immunodeficiency 1(1.6)
syndrome
Congenital T-cell immunodeficiency 1(1.6)
Systemic lupus erythematosus 1(1.6)
Ataxia-telangiectasia 1(1.6)
Wiskott-Aldrich syndrome 1(1.6)
Hodgkin's lymphoma 1(1.6)
Immunocompetent 1(1.6)
Location
Central nervous system 17 (27.4)
Gastrointestinal tract 6(9.7)
Larynx 4 (6.5)
Liver 4 (6.5)
Extremities 3(4.8)
Eye 3(4.8)
Adrenal gland 2(3.2)
Lung 2(3.2)
Kidney 1(1.6)
Thyroid gland 1(1.6)
Palate 1(1.6)
Multiple lesions 18 (29.1)

The role of EBV in the pathogenesis of LMS is
unclear. EBV-associated LMS, previously associated with
transplantation, is now common in HIV-infected
patients, particularly children. We found only 62 cases of
EBV-associated LMS, including the present case. Infor-
mation about the clinical features is given in Table 2 and
summarized in Table 3. Of the 62 patients, 61 (98.4%)
were immunosuppressed and 1 (1.6%) was immunocom-
petent, albeit with a 4-year history of EBV infection.”
The integration of EBV into smooth muscle cells may be

TABLE 4
laryngeal leiomyosarcoma patients with complete follow-up data

Clinicopathologic features and survival of 53

Clinicopathologic factors No. of patients (%)

Sex

Female 5(9.4)

Male 48 (90.6)
Age

<60 17 (32.1)

>60 36 (67.9)
Symptom

Hoarseness 20 (37.7)

Dysphonia 6(11.3)

Dyspnea 2(3.8)

Stridor 1(1.9)

Difficulty swallowing 1(1.9)

Dysphagia 1(1.9)

Respiratory distress 2(3.3)

Overlapping presentations 20 (37.7)
Site

Glottis 35 (66.1)

Supraglottis 12 (22.6)

Subglottis 5(9.4)

Transglottis 1(1.9)
EBV-associated

Yes 4(7.5)

No 49 (92.5)
Treatment

Surgery 36 (67.9)

Radiotherapy 1(1.9)

Surgery + postoperative RT 16 (30.2)
Recurrence

Yes 9(17.0)

No 44 (83.0)
Distant metastasis

Yes 10 (18.9)

No 43 (81.1)
Neck lymph node metastasis

Yes 1(1.9)

No 52(98.1)
Death

Yes 8(15.1)

No 45 (84.9)

important in the development of LMS in the immuno-
competent.”® In the immunosuppressed, EBV may enter
smooth muscle cells via CD21 as a receptor.””%*'*2



JIN ET AL.

WILEY_| 2

(A) Survival Functions (B)

metastasis 10 o
no

~metastasis
1.00-censored

08 +-2.00-censored 08

Cum Survival
Cum Survival

0 5000 10000 15000 20000 00 5000

time

Survival Functions (C)

Survival Functions

treatment

Cum Survival

10000 15000 20000 00 2000 4000 6000 8000 10000 12000 14000

time time

FIGURE 4 Prognostic factors of LLMS or EBV-associated LMS. A: Distant metastasis was associated with poor survival (p = 0.040).
B: Log-rank analysis showed that EBV infection was associated with a decreased survival rate among patients with LLMS (p = 0.01).

C: Log-rank analysis showed that the survival rate of EBV-associated LMS was increased by treatment (p < 0.0001) other than postoperative

RT. The English in this document has been checked by at least two professional editors, both native speakers of English. For a certificate,

please see: http://www.textcheck.com/certificate/LN4Axu. [Color figure can be viewed at wileyonlinelibrary.com]

Table 3 shows that there were multiple EBV-associated
LMS in 18 cases (29.5%). Such multifocal lesions are mul-

tiple, independent primary lesions rather than
metastases.'*>'??
3.3 | Outcomes and treatment

Of 61 patients with LLMS, 53 had complete follow-up
data, summarized in Table 4. None of the patients pre-
sented with nodal or distant metastases at the time of
diagnosis. One patient had neck lymph node metastasis
10 months after total laryngectomy.'”” In addition,
10 patients (18.9%) had distant metastases to the lung
(6, 60.0%),'>142334752 1eft axillary nodes (1, 10.0%),**
liver and lung (1, 10.0%),>> thyroid gland and lung
(1, 10.0%),"”® and multiple metastases (1, 10.0%; neck,
lung, bone marrow, liver, adrenal glands, colon, spleen,
heart, and thyroid gland).” The LMS cases with distant
metastases were in the glottis (five cases), supraglottis
(two cases), subglottis (two cases), and transglottis (one
case). There were no significant differences between the
distant metastasis and no distant metastasis (Fisher's
exact test, p = 0.467). Nine patients (17.0%) had local
recurrence  (1-16 months  after  primary  sur-
gery).!*230:46:32,58.59 Thege patients underwent a sec-
ond resection. The cases of recurrent LMS were in the
glottis (four cases), supraglottis (two cases), subglottis
(two cases), and transglottis (one case). Eight patients
died of disease (15.1%) after a median of 11.2 months
(range 8-16 months).1’5’19’23’25’33’39’53

Among 53 patients, 20 (37.7%) underwent total laryn-
gectomy (TL), 8 (15.1%) underwent laryngectomy via CO2
laser under microlaryngoscopy, 15 (28.3%) underwent sur-
gery and postoperative radiotherapy (RT) (7 patients, TL
plus RT; 5 patients, partial laryngectomy plus RT; 3 patients,

CO; laser plus RT), 6 patients (9.8%) underwent partial lar-
yngectomy, and 1 patient (1.9%) received only RT. One
patient (1.9%) received chemotherapy and neoadjuvant RT
(60 Gy) due to invasion of the prevertebral space and
encasement of the left internal and external carotid arteries,
followed by pharyngolaryngo-esophagectomy, total thyroid-
ectomy, and bilateral-modified radical neck dissection with
formation of a neoesophagus from an interpositional jejunal
free-flap. However, he developed liver and lung metastases,
received palliative chemotherapy, and died of his disease
10 months later.” Eight patients (15.1%) received neck dis-
section; however, no cervical lymph-node metastasis was
observed. Neck lymph node recurrence was no statistically
different between the patients who received neck dis-
section and patients who did not (Fisher's exact test,
p = 1.000). Therefore, neck dissection is unnecessary for
LLMS unless there is pathologic lymphadenopathy, because
the primary route of metastasis is hematogenous.

The overall 5-year survival rate was 64.0%. The sur-
vival rate did not differ significantly according to sex
(p = 0.395), age (p = 0.391), site (p = 0.213), treatment
modality (p = 0.232), or recurrence (p = 0.161). Distant
metastases affected the overall survival of patients with
LLMS (p = 0.040, Figure 4A). Interestingly, EBV infec-
tion was a prognostic factor: EBV-positive patients had a
poor survival rate (p = 0.01, Figure 4B).

Among 62 patients with EBV-associated LMS, 49 had
complete follow-up data (Table 2). Four patients (8.2%) had
distant metastases: to the lungs (one case’®), brain (one
case®”), liver (one case’), and multiple metastases (one
case; rib, soft tissue near the processus transversus of the
third thoracic vertebra, and a subcutaneous nodule”). Four
patients (8.2%) had local recurrence (7 months to 6 years
after primary surgery).”"”>*°! Eighteen patients died of
their disease (36.7%)29,39,58,60,62,65,66,75,78780,84,87,95; three Of

those were diagnosed at autopsy.*”*>* The overall 5-year
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survival rate was 50.0%. The survival rate did not signifi-
cantly differ according to sex, age, single or multiple lesions,
distant metastasis, and recurrence. Treatment modalities
affected the overall survival of EBV-associated LMS
(p <0.0001, Figure 4C). The survival rate was higher
among patients who received treatment than among those
who did not. However, postoperative RT did not improve
the survival rate. The survival rate did not differ signifi-
cantly between EBV-associated LMS and that at other sites
(p = 0.686).

4 | CONCLUSIONS

EBV-associated LLMS is rare; only four cases have been
reported. EBV infection may be a poor prognostic factor
for LLMS.
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