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The neoplastic cells were dyshesive and dilapidated, with 
crush artifacts. Rhabdoid features (n = 36) and tumor cell 
multinucleation (n = 28) were common. Mitotic counts were 
high (mean 17/10 HPFs). The neoplastic cells showed the 
following immunohistochemical positive findings: desmin 
(100%), myogenin (100%), MYOD1 (100%), MSA (96%), 
SMA (52%), CAM5.2 (50%), AE1/AE3 (36%); other posi-
tive markers included S100 protein (27%), CD56 (100%), 
synaptophysin (35%), and chromogranin (13%). Overall, 
54% show epithelial marker reactivity. Molecular studies 
showed FOXO1 translocations (81%) with PCR demon-
strating PAX3 in 72.7% tested. Patients presented with high 
stage (IV 24; III 26) and metastatic disease (lymph nodes 
n = 41; distant metastases n = 25) (IRSG grouping). Sur-
gery (n = 16), radiation (n = 41) and chemotherapy (n = 45) 
yielded an overall survival of 36.1 months (mean; range 
2.4–286); 18 alive without disease (mean 69.6 months); 7 
alive with disease (mean 11.0 months); 1 dead without dis-
ease (63.7 months); and 26 dead with disease (mean 18.5 
months). SNT ARMS frequently present in adults as a large, 
destructive midline mass of short symptom duration, with 
high stage disease. The alveolar to solid pattern of growth of 
cells with rhabdoid-plasmacytoid features suggests the diag-
nosis, but epithelial immunohistochemistry markers are pre-
sent in 54% of cases, leading to misdiagnosis as carcinomas 
if muscle markers are not also performed. Overall survival 
of 36.1 months is achieved with multimodality therapy, but 
64% have incurable disease (16.9 months). Mixed anatomic 
site (p = 0.02) was a significant adverse prognostic indicator, 
while stage (0.06) and tumor size >5 cm (0.06) approached 
marginal significance.

Keywords  Nasal cavity · Paranasal sinus neoplasms/
pathology · Rhabdomyosarcoma, alveolar · Adult · 
Keratins · Immunohistochemistry

Abstract  Sinonasal tract (SNT) alveolar rhabdomyo-
sarcoma (ARMS) are frequently misdiagnosed, especially 
in adults. Fifty-two adult (≥18 years) patients with SNT 
ARMS were reviewed and characterized by immunohisto-
chemistry and molecular studies. Twenty-six females and 
26 males (18–72 years; mean 43.2 years), presented after a 
short duration (mean 2.6 months) with a large (mean 5.5 cm) 
destructive nasal cavity mass, involving multiple contigu-
ous paranasal sites (n = 46) and with cervical adenopathy 
(n = 41). The tumors showed an alveolar, nested to solid 
growth pattern below an intact, but often involved (n = 9) 
epithelium with frequent necrosis (n = 37), destructive bone 
invasion (n = 30), and lymphovascular invasion (n = 25). 
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Introduction

The “small blue round cell” differential diagnosis in the 
sinonasal tract can be quite daunting as the biopsies are fre-
quently small, with only limited material for examination 
and crush artifacts are frequently present. The clinical symp-
toms and imaging findings overlap significantly between the 
diagnostic differential considerations, and thus careful histo-
logic examination in combination with additional ancillary 
testing is required to reach a definitive diagnosis. The treat-
ments for carcinoma, lymphoma, sarcoma and melanoma 
in this anatomic site are quite different from each other, 
requiring a definitive diagnosis before therapies are under-
taken. Many of these treatments can be quite disfiguring 
and associated with significant side effects and/or complica-
tions and morbidities, emphasizing the need for an accurate 
classification. Knowing that squamous cell carcinoma is 
the most common malignancy of the upper aerodigestive 
tract, and sinonasal tract specifically in adult patients, may 
result in practitioners selecting a limited immunophenotypic 
panel to confirm the hematoxylin and eosin impression of 
a poorly differentiated carcinoma. Thus, a pancytokeratin 
(AE1/AE3, OSCAR or CAM5.2) positive tumor may be 
classified as a poorly differentiated squamous cell carci-
noma, failing to appreciate the frequency with which other 
neoplasms in this anatomic site are keratin immunoreactive 
also, yet not representing epithelial derived neoplasms [1, 
2]. This background framed the proposed study of alveolar 
rhabdomyosarcoma of the sinonasal tract in adult patients, 
with an emphasis on epithelial immunoreactivity, while also 
evaluating the clinical features and treatment outcomes for 
this uncommon sinonasal tract tumor. Alveolar rhabdomyo-
sarcoma, a primitive malignant mesenchymal tumor with 
skeletal muscle differentiation, frequently displays a small 
blue round cell histologic appearance, potentially leading 
to a wrong diagnosis and thus inappropriate treatment [3, 
4]. On the other hand, embryonal rhabdomyosarcoma usu-
ally show a spindled more heterogeneous morphology and 
is not generally considered in the epithelial-derived tumor 
differential diagnostic categories.

Materials and Methods

Fifty-two cases of sinonasal tract alveolar rhabdomyosarco-
mas were retrieved from the consultation files of the authors. 
An approximate incidence is suggested by 12 sinonasal tract 
tumors identified in adults out of a total of 145 rhabdomyo-
sarcomas diagnosed between January 1, 2006 to January 1, 
2016 (10 years) at one author’s institution (LDRT). There 
were overall 76 females and 69 males; ages ranged from 
1 week to 88.4 years, with 86 patients older than or equal 
to 18 years, and 59 patients younger than 18 years of age. 

Thus, approximately 10% of adult alveolar RMS involve 
the head and neck with an approximate relative incidence 
of 0.4/1 million population (Southern California Perma-
nente Medical Group mid-year average population for same 
10 years). Cases were excluded if sufficient clinical, immu-
nophenotypic or follow-up data was not available.

Materials within the files were supplemented by a review 
of the patient demographics (sex, age, and race); symptoms 
and physical findings and duration at presentation including 
mass, obstructive or congestive symptoms, facial pain, oph-
thalmologic disturbances, headache, epistaxis, chronic sinus-
itis, central nervous system related symptoms and loss of 
smell. In addition, imaging studies, surgical pathology, and 
operative reports were reviewed when available, with follow-
up information obtained by direct written or oral commu-
nication with the referring pathologist, patient’s physician, 
oncology data services and tumor registries, or the patient 
(patient’s family member[s]). Follow-up data included infor-
mation regarding presence of recurrent disease, treatment 
modalities used, and the current patient status. Cases in 
general were submitted as consultations to several of the 
authors, who conducted this study as a retrospective review, 
without actually treating the patients. Submitted diagnoses 
by the primary pathologists included squamous cell carci-
noma, carcinoma, not otherwise specified, neuroendocrine 
carcinoma, olfactory neuroblastoma, sinonasal undiffer-
entiated carcinoma, melanoma and sarcoma. This clinical 
investigation was conducted in accordance and compliance 
with an Internal Review Board authorization (#5968) per-
formed under the direction of Southern California Perma-
nente Medical Group.

Specific information about the exact location, laterality, 
and tumor size (greatest dimension in cm) was documented 
(imaging reports and/or surgical pathology material). Hema-
toxylin and eosin-stained slides from all cases were reviewed 
to document specific histologic features, to include: surface 
epithelium (present or absent; ulcerated; involved by tumor: 
pagetoid spread); tumor invasion (destructive bone invasion, 
perineural invasion, lymphovascular invasion); architectural 
pattern of growth (alveolar, nested, solid); necrosis (absent 
or present; comedotype); cell type (polygonal, plasmacytoid, 
spindled, cuboidal); multinucleation (present, or absent); 
strap cells (present or absent); mitotic figures [number of 
mitotic figures per ten high power fields (magnification 
at ×40 with a ×10 objective lens using Olympus BX41 
microscope)]; atypical mitotic figures (present or absent, 
and defined by abnormal chromosome spread, tripolar or 
quadripolar forms, circular forms, or indescribably bizarre); 
background fibrous connective tissue septa; and the presence 
of other notable microscopic pathologic findings.

Immunophenotypic analysis was performed in cases with 
sufficient suitable material by a standardized Envision™ 
method employing 4 µm-thick, formalin fixed, paraffin 
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embedded sections. Table 1 documents the pertinent, com-
mercially available immunohistochemical antibody panel 
used. The analysis was performed on a single representa-
tive block for each primary tumor. However, the biopsies 
were often small, yielding a limited amount of tissue for 
additional examination, thus prioritizing immunohistochem-
istry studies for diagnostic clarity was paramount. Epitope 
retrieval was performed, as required by the manufacturer 
guidelines. Standard positive controls were used through-
out, with serum used as the negative control. The antibody 
reactions were graded as positive or negative; positives were 
separated into strong, moderate and weak; diffuse (>50%), 
patchy (10–50%) or focal (<10%); and by pattern (cytoplas-
mic, membrane, dot-like, nuclear, nuclear and cytoplasmic). 
Staining equivalent reactions would be absent to weak (0 to 
1+), moderate (2+ to 3+) and strong (4+) staining.

Sanger sequencing was performed upon available mate-
rial, with electropherograms created specifically for the tran-
scripts for PAX3 exon 7 (2q35), PAX7 (1p36.2-p36.12) and 
FOXO1 exon 2 (FOXO1 is the forkhead box O1 gene, previ-
ously FKHR). Breakpoints were documented. Beta-globulin 
controls were positive.

A review of the English literature based on a MEDLINE 
search from 1966 to 2017 was performed and all cases of 
sinonasal tract rhabdomyosarcomas were reviewed, with 
specific attention to the clinical series and those which 
included immunohistochemistry information.

Statistical evaluation was performed using a standard sta-
tistics software package with categorical variables analyzed 
using Chi square tests and Fisher’s Exact tests to compare 
observed and expected frequency distributions. Comparison 
of means between groups was made with independent t-tests 

(including 1-tailed and 2-tailed tests with degrees of free-
dom) or one-way analysis of variance, depending on whether 
there were two groups or more than two groups, respectively. 
Confidence intervals of 95% were generated for all positive 
findings. The alpha level was set at p < 0.05.

Results

Clinical

The patients included 26 women and 26 men (Table 2), 
all adults, ranging from 18 to 72 years (mean 43.2 years). 
Patients presented with symptoms of a relatively short 
duration (mean 2.6 months), suggesting rapid clinical onset 
of the tumor. The symptoms were non-specific in nature, 
although all patients presented with a mass. The vast major-
ity of tumors (n = 46) involved more than one anatomic site/
subsite, with nasal cavity, maxillary sinus, frontal, sphenoid, 
and ethmoid sinuses affected, frequently showing extension 
into the skull base or adjacent soft tissue structures. Thus, 
tumors were large, with a mean of 5.5 cm, usually confined 
to a single side (bilateral, n = 2), but often showing midline 
involvement (Fig. 1). Imaging studies identified destructive 
masses that usually involved multiple sites and frequently 
highlighted cervical lymph node metastases (n = 41 cases), 
the latter meeting size and radiographic criteria for lymph 
node disease. The imaging findings were not unique or spe-
cific to the diagnosis, but showed a high SUV value when 
evaluated by PET studies (Fig. 1). No patients were part of a 
familial or syndrome association (specifically, Li-Fraumeni, 
Costello syndrome or Beckwith-Wiedemann).

Pathologic Features

Microscopic

The fragments of tissue were commonly polypoid, fleshy, 
and pale, demonstrating fibrous connective tissue stroma 
and bands dissecting between the tumor islands (Fig. 2). The 
tumors were contained within fragments of tissue, as most 
samples were curetted rather than an “en bloc” resection. 
The neoplastic cells were separated by fibrous septae into 
nested, alveolar and pseudoalveolar patterns, while a more 
solid pattern was seen in 26 cases (Table 3). Destructive bone 
or cartilage involvement was present in 30 cases (Fig. 2), 
although bone was not included in several samples. Lympho-
vascular invasion was seen in 25 cases, but due to fragmen-
tation and retraction artifacts, it was difficult to determine 
with certainty. While nerves were identified in the samples, 
perineural invasion was only identified in one case. None of 
the cases showed a botryoid pattern. The majority of tumors 
demonstrated overlying intact respiratory surface epithelium, 

Table 1   Immunohistochemical panel

P positive, S strong, D diffuse, F focal, C cytoplasmic, N nuclear, W 
weak, T dot-like, M membrane

Antigen Result % (# of cases)

Desmin P, S, D, C 100% (52/52)
Myogenin P, S, D, N 100% (48/48)
MYOD1 P, S, D, N 100% (20/20)
Myoglobin P, S, F, C 37% (7/19)
Actin (HHF35) P, S, D, C 96% (23/24)
Actin-SM P, S, D, C 52% (14/27)
Cytokeratin P, W-S, F-D, C-T 36% (16/45)
CAM5.2 P, W-S, F-D, C-T 50% (22/44)
CK5/6 P, S, D, T 5% (1/21)
S100 protein P, S, F, N & C 27% (12/44)
SOX10 P. S, F, N 0% (0/16)
CD56 P, S, D, M 100% (32/32)
Synaptophysin P, W-S, F-D, C 35% (17/48)
Chromogranin P, W, F, C 13% (6/45)
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with ulceration seen in only 4 cases. Surface involvement 
by the neoplasm was present in nine, showing a pagetoid 
spread into the surface respiratory or squamous epithelium 
(Fig. 3). Alveolar spaces were defined by a space that showed 
a clinging or dilapidated periphery, with the cells dropping 

off into the center, while a nested pattern was defined by 
sheets of cells without peripheral degeneration or dilapida-
tion (n = 10; Fig. 3). The neoplastic cells were associated 
with a desmoplastic stromal reaction, with neoplastic cells 
seen infiltrating into fibrous connective tissue (Fig. 4) while 
focal myxoid background stroma was noted. Central come-
donecrosis was common (n = 37). Many cases showed crush 
artifact (n = 44) of the neoplastic cells (Fig. 4). The cells were 
generally 2–3 times as large as lymphocytes, with rhabdoid, 
eccentric cytoplasm in 36 cases (Fig. 3). It is important to 
note that the rhabdoid appearance may have been focal, in 
isolated cells, showing eosinophilic cytoplasm pulled off to 
one side of the nucleus. True strap cells (tadpole, elongated 
cytoplasmic extension) with cross striations were only seen 
focally in 11 cases. The neoplastic cells were round, even 
though they were dyshesive, but were still more associated 
with one another than would be seen in a lymphoma or mela-
noma. Typical tumor multinucleation was common (n = 28). 
The nuclear chromatin was slightly open to vesicular, usu-
ally with prominent nucleoli. Importantly, the nuclei did not 
show salt-and-pepper nuclear chromatin, as would be seen in 
a neuroendocrine tumor. Mitoses were easy to identify, with 
a mean of 17/10 high power fields, while atypical forms were 
seen in 25 cases. An inflammatory infiltrate was not promi-
nent; a well developed pseudoepitheliomatous hyperplasia 
was not seen; cytoplasmic pigment was not identified, and 
significant tumor cell spindling was not appreciated.

Immunohistochemical Results

The immunohistochemistry studies performed confirmed 
the skeletal muscle differentiation (Table  1), with all 
tumors tested showing a strong and diffuse reaction with 
desmin, myogenin and MYOD1 (Fig. 5), while myoglobin 
was seen in 37% (7/19). Muscle specific actin (96%) was 
more strongly reactive and in a greater number of cases 
than smooth muscle actin (52%). The pancytokeratin (36%), 
CAM5.2 (50%), and CK5/6 (5%) were positive in a suffi-
cient number of cases that the differential with a carcinoma 
would certainly be raised during initial evaluation, if they 
had been performed (not all antibodies were tested on the 
cases during initial clinical evaluation, but only during the 
research protocol). Overall, 54% of cases showed reactivity 
with one of the epithelial markers tested (Fig. 6). There was 
no difference in expression of epithelial markers between the 
cases that were confirmed by molecular evaluation versus 
those that were not. Further, neuroendocrine markers, such 
as synaptophysin (35%) and chromogranin (13%) were also 
positive, while CD56 demonstrated a strong, diffuse reactiv-
ity in all cases tested (32/32). S100 protein showed a focal, 
but still positive reaction in 27% of cases, but SOX10 was 
negative in all cases tested (0/16). It is important to note 
that the epithelial marker immunoreactivity was frequently 

Table 2   Clinical characteristics

IRSG Intergroup Rhabdomyosarcoma Study Group
a Information was not reported
b More than one symptom may have been present

Clinical characteristics Number (n = 52)

Sex
Females 26
Males 26
Racea

White 41
Black 7
Asian and Indian 3
Age (in years)
Range 18–72
Mean 43.2
Females (mean) 44.4
Males (mean) 42.1
Symptomsb

Duration (range, in months) 0.5–10
Duration (mean, in months) 2.6
Females (mean duration of symptoms) 2.1
Males (mean duration of symptoms) 3.0
Mass 52
Obstructive/congestive symptoms 27
Facial pain 18
Ophthalmologic disturbances 19
Headache 15
Epistaxis 15
Chronic sinusitis 8
CNS symptoms 9
Loss of smell 9
Anatomic site
Single site only 6
Mixed site presentation 46
Laterality
Right 26
Left 24
Bilateral/midline 2
Size (cm)
Range 2.0–8.7
Mean 5.6
Stage (IRSG staging)
II 2
III 26
IV 24
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in a dot-like or Golgi distribution (Fig. 6), a feature that can 
mimic a neuroendocrine tumor.

Molecular Results

Eighteen of 21 cases evaluated by FISH showed a FOXO1 
break apart positive result. Additional reverse transcriptase 
polymerase chain reaction studies were performed on 22 
cases for PAX3 and PAX7, with results obtained in 16 
cases, all classified as PAX3/FOXO1 rearrangements. No 
PAX7/FOXO1 rearrangements were identified in this series. 
Non-informative results were seen in 6 cases (perhaps due 
to the age of the paraffin samples tested).

Treatment and Follow‑Up

All patients had a diagnostic biopsy as their initial evalu-
ation, but only 16 were managed by any sort of resection 
or wide excision. Thus, while observed, a positive margin 
status was not separately evaluated since most of the sam-
ples were biopsy only, and received as multiple fragments 
of tissue. Radiation (n = 41) and/or chemotherapy (n = 45) 
was the main treatment, with 38 patients receiving both; 
seven patients had chemotherapy only, while four patients 
were treated by radiation only, and in 3 patients the informa-
tion about radiation and chemotherapy was unknown. Of the 
patients managed with chemotherapy alone, 3 are dead with 
disease (mean 8.8 months), one is alive with disease (24 

Fig. 1   Imaging studies of 
sinonasal tract rhabdomyosar-
coma. a A coronal computed 
tomography scan shows a large 
destructive mass in the maxil-
lary sinus, expanding into the 
orbit and nasal cavity. b A MRI 
(sagittal) T1 SE image shows 
a large destructive mass within 
the sinonasal tract. c An axial 
MRI T2 axial image shows 
a destructive mass breaking 
though the medial wall of the 
maxilla. d A fused PET/CT 
image shows high avidity in the 
nasal cavity and maxillary sinus 
tumor

Table 3   Pathology findings

a Tumors showed more than one pattern of growth or cell type

Microscopic characteristic Number 
of cases 
(n = 52)

Invasion
Bone invasion 30
Lymphovascular invasion 25
Perineural invasion 1
Pattern of growtha

Solid 26
Alveolar 24
Nested 10
Surface involvement 9
Necrosis 37
Multinucleated tumor cells 28
Strap cells present 11
Mitotic figures
Range 3–109
Mean (per 10 HPFs) 17
Atypical figures (present) 25
FISH (FOXO1) 17/21 (81%)
PCR (PAX3/FOXO1 rearrangement) 16/22 (73%)
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months), and 3 are alive with no evidence of disease (mean 
9.2 months). All patients managed by radiation alone, were 
dead of disease (mean 14.5 months).

Follow-up was available in all patients, with those who 
died in <12 months considered to have died of disease if the 
specific information was not available. The overall average 

Fig. 2   The tumors were usually 
polypoid masses (a), showing 
an intact squamous or respira-
tory epithelial lining (b). There 
was a nested appearance. Crush 
artifacts with fibrosis were com-
mon (c). Bone invasion by the 
neoplastic cells was frequently 
noted (d)

Fig. 3   The tumor was arranged 
in a nested or alveolar pattern 
(a), while in other areas a more 
solid appearance could be seen 
(b). An intraepithelial growth 
was present in a few cases (c)
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follow-up was 36.1 months (Table 4). Forty-three (83%) 
patients had metastatic disease at the time of initial pres-
entation, with the majority showing lymph node metastases 

(n = 40, 77%), while three additional patients showed dis-
tant metastases without cervical lymph node disease. Eight 
patients developed recurrent or showed persistent local 

Fig. 4   The neoplastic cells 
were separated into nests by 
a heavy stromal fibrosis (a), 
sometimes desmoplastic (b), 
which partially obscured the 
neoplastic cells. Crush artifacts 
created a carcinoma appearance 
(c). A peritheliomatous pattern 
was noted in some tumors, with 
adjacent necrosis (d)

Fig. 5   The neoplastic cells 
shows reactivity with a number 
of markers, including a myo-
genin; b MYOD1; c CD56; d 
synaptophysin
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disease. Overall, 18 patients were alive without evidence 
of disease (mean 69.6 months; range 2.5–285.9 months), 
including 10 patients who had presented with metastatic 

disease. Seven patients are alive but with disease (mean 11 
months; range 2.5–24 months), 6 of these presenting with 
metastatic disease. One patient died with no evidence of 

Fig. 6   In many cases, the 
neoplastic cells were positive 
with pancytokeratin (AE1/
AE3) (a) or CAM5.2 (b). c A 
FISH break apart probe shows 
a positive result for FOXO1. d 
An electropherogram shows the 
breakpoint in the PAX3 exon 7, 
fused to FOXO1 exon 2 in this 
Sanger sequence

Table 4   Patient outcome for 
52 patients with follow-up 
available

A, NED alive, no evidence of disease; A, D alive with disease; D, NED dead, no evidence of disease; D, D 
dead with disease; n/a not applicable
a Size was not reported in all cases

All patients A, NED A, D D, NED D, D

All patients with follow-up (months) 52 (36.1) 18 (69.6) 7 (11.0) 1 (63.7) 26 (18.5)
Follow-up range (months) 2.4–286 2.5–286 2.5–24.0 63.7 2.4–75.2
Sex
Males (mean, years) 26 (25.5) 6 (47.8) 5 (11.2) n/a 15 (22.5)
Females (mean, years) (p = 0.202) 26 (46.0) 12 (80.5) 2 (10.6) 1 (63.7) 11 (13.1)
Sizea

≤5.0 cm 14 (57.5) 6 (109.8) n/a n/a 8 (19.0)
>5.0 cm (p = 0.064) 25 (25.7) 6 (60.6) 6 (12.3) 1 (63.7) 13 (11.6)
Anatomic site
Single site 6 (77.3) 2 (188.3) 1 (24) n/a 3 (21.2)
Mixed site (p = 0.02) 46 (30.7) 16 (54.8) 6 (8.8) 1 (63.7) 23 (18.2)
Immunohistochemistrya

Keratin/CAM5.2/CK5/6 positive 27 (39.8) 10 (74.8) 5 (11.2) 1 (63.7) 11 (18.7)
No epithelial reactivity (p = 0.669) 23 (33.6) 8 (63.1) 2 (10.6) n/a 13 (19.0)
Stage (IRSG grouping)
II 2 (55.5) 2 (55.2) n/a n/a n/a
III 26 (57.4) 13 (76.5) 3 (11.5) 1 (63.7) 9 (18.8)
IV (p = 0.068) 24 (20.9) 3 (49.4) 4 (10.7) n/a 17 (18.3)
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disease (63.7 months), while 26 patients died with disease 
(mean 18.5 months; range 2.4–75.2 months). There was no 
difference in patient outcome based on age, sex, tumor size, 
keratin reactivity, stage, or treatment, with only multiple 
anatomic subsites of tumor involvement conferring a worse 
outcome. However, both size and tumor stage approached 
significance (p = 0.06). It may be that there are too few 
patients in each group to achieve statistical significance.

Staging was difficult to perform, as most of the staging 
systems are based on pediatric rhabdomyosarcomas, staging 
is not performed for non-epithelial tumors of the sinonasal 
tract, or the soft tissue staging systems do not include head 
and neck sites. Thus, staging was based on the Intergroup 
Rhabdomyosarcoma Study Group (IRSG) surgical pathol-
ogy grouping system and staging system [5]. By defini-
tion, a biopsy only procedure places the tumor in a group 
III category; distant metastases places the tumor in group 
IV; any tumors of the sinonasal tract are considered para-
meningeal for staging purposes, and automatically at least 
stage II; if lymph node metastases were present, irrespective 
of the tumor size, the tumor was placed in stage III. Thus, 
by definition, for sinonasal tract disease, there is no stage 
I category, with all tumors in stage II to IV. Overall, using 
this staging, 2 patients were in stage II; 26 in stage III; and 
24 in stage IV. As expected, even though not statistically 
significant, the patients with stage II disease were both alive 
(mean 55.2 months) with no deaths from disease. However, 
10 of 26 patients (38%) showed disease at last following for 
stage III patients, while 17 of 24 (71%) showed disease at 
last follow-up for stage IV patients. Thus, a trend is noted 
towards a worse outcome for higher stage (p = 0.068).

Discussion

Alveolar rhabdomyosarcoma is a relatively uncommon 
malignancy of the sinonasal tract, encountered in the setting 
of a primitive small round blue cell neoplasm [3, 6–17]. The 
tumor is usually considered in pediatric patients in contrast 
to adults, where the diagnosis is more common [2, 18]. The 
identification of eosinophilic, eccentric cytoplasm in the 
neoplastic population helps to suggest rhabdomyosarcoma, 
but is often a focal and limited histologic feature. In this set-
ting, the diagnosis is usually confirmed with the application 
of a pertinent immunohistochemistry panel and addition-
ally perhaps, genetic (FISH) studies. In an attempt at tissue 
conservation in samples that have very limited material, an 
initial immunohistochemistry panel generally includes a 
pancytokeratin, CD45RB and S100 protein, an initial screen 
for carcinoma, lymphoma, and melanoma. Squamous cell 
carcinoma, sinonasal undifferentiated carcinoma, NUT 
carcinoma, SMARCB1-deficient carcinoma, and neuroen-
docrine carcinoma will virtually all be cytokeratin positive 

and negative with the other two markers. Desmoplastic small 
round cell tumor is exceedingly exceptional in the sinonasal 
tract, and usually shows a more polyphenotypic expression 
with multiple lines of differentiation identified [19, 20]. 
As “epithelial” neoplasms are more common, additional 
markers, such as CK5/6, p63, p40, EMA, CAM5.2, CK7 
and K903 may be applied to more fully elucidate the nature 
of the carcinoma. But, when some or all these additional 
markers are negative, the more generic poorly differenti-
ated carcinoma diagnosis may be applied, without further 
immunohistochemistry evaluation. Alternatively, depending 
on the pattern of epithelial immunoreactivity, neuroendo-
crine markers may be obtained, including synaptophysin, 
chromogranin, neuron specific enolase and/or CD56. If these 
markers show any reactivity, then either a carcinoma with 
neuroendocrine differentiation, neuroendocrine carcinoma, 
pituitary adenoma or even olfactory neuroblastoma may be 
the diagnosis rendered [1, 3, 10, 21–30]. Thus, it is criti-
cal in primitive appearing and non-keratinizing squamous 
cell carcinomas of the sinonasal tract, that a muscle marker, 
such as desmin, myogenin or MYOD1, be performed in 
order to exclude the possibility of a cytokeratin positive 
rhabdomyosarcoma [1–3, 18]. Myogenin and MYOD1 are 
considered sensitive and specific markers of rhabdomyo-
blastic differentiation, two of the myogenic transcriptional 
regulatory proteins, expressed in a higher percentage of cells 
in alveolar rhabdomyosarcoma than in embryonal rhabdo-
myosarcoma [31]. As shown in this series, up to 54% of 
rhabdomyosarcoma show epithelial immunoreactivity, with 
CAM5.2 showing the highest reactivity (50%), but pancy-
tokeratin (AE1/AE3) showing positivity in 38% of cases. 
In this series, the AE1/AE3 reactivity was strong in 12 of 
the 16 cases tested, although the reaction was focal in 15 of 
16 cases. This finding is significantly higher than reported 
in earlier, more limited series [2]. Importantly, the keratin 
expression was often in a dot-like or Golgi distribution, a 
finding similar to what is seen in neuroendocrine tumors, 
and thus a potential pitfall in interpretation of the final diag-
nosis. CAM5.2 was also strong in 17 of 22 cases tested, 
most showing a focal distribution. The dot-like pattern was 
only seen in 12 cases, the remaining cases showing a dif-
fuse cytoplasm reaction. The differential of rhabdomyosar-
coma with neuroendocrine carcinomas in the sinonasal tract 
is further complicated by the relatively high expression of 
neuroendocrine markers in rhabdomyosarcoma, 35% in this 
study, but up to 43% in other studies [1, 9]. Synaptophysin 
is more commonly expressed in this study than in others 
[1, 9]. CD56 was present in all cases tested in this series, 
similar to previously reported results [1], but in general is 
not considered to be a specific neuroendocrine marker and 
should not be used without other neuroendocrine markers. It 
is important to consider that immunohistochemistry findings 
are seldom specific for a particular tumor or diagnosis, with 
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well documented immunohistochemical cross-reactivity 
between tumor types and putative myogenic and epithelial 
markers. Thus, anomalous expression of markers can be seen 
in a wide variety of tumor types, with lineage infidelity quite 
common [2]. Overall, in this series, 10 of 48 cases (21%) 
tested for epithelial and neuroendocrine markers, showed 
coexpression of epithelial and neuroendocrine markers (syn-
aptophysin and chromogranin), a finding which may suggest 
true neuroepithelial differentiation in a significant subset of 
SNT ARMS.

It is important to note that the classical rhabdomyoblastic 
differentiation with strap cells or cross striations is seldom 
seen in ARMS, and when present is an isolated finding. 
Thus, it is imperative in sinonasal tract tumors that show 
a primitive, undifferentiated or round blue cell pattern, 
to obtain an expanded immunohistochemistry panel that 
includes epithelial, mesenchymal, melanocytic, lymphoid 
and neuroendocrine markers, whether in pediatric or adult 
patients. Such a panel might include a pancytokeratin, S100 
protein, CD45RB, desmin and synaptophysin as the pos-
sible initial studies, with additional confirmatory immuno-
histochemistry or molecular studies performed to confirm 
the diagnostic interpretation [1–3]. It is probably even more 
significant in adult populations to include such a panel, as 
ARMS is less common in the SNT, and thus may be poten-
tially overlooked. ARMS frequently show specific fusion 
translocations involving the FOXO1 gene on chromosome 
13q14 with either PAX3 (chromosome 2q35) or PAX7 (chro-
mosome 1p36) [32], with a majority showing PAX3 fusion 
(59%). In this series, only PAX3 was identified specifically 
(100%), but only 16 of 22 cases studied had an informative 
result. FISH break apart demonstrated a FOXO1 result in 18 
of 21 cases tested, suggesting fusion negative cases. Thus, 
a difference in outcome based on the differences in PAX3 
versus PAX7 could not be validated in this study. No other 
studies of just adult sinonasal tract ARMS have shown simi-
lar molecular results, which will need further clarification.

Children with rhabdomyosarcoma have an overall 5-year 
survival of 34–48% [33, 34] versus 31–40% for adults [35, 
36], suggesting there is not a significant difference in out-
come in general for rhabdomyosarcoma. When all head 
and neck rhabdomyosarcomas are included, children have 
a reported 5-year overall survival of 75% [37] versus adults 
with 36% [38] in general, although when age is not evalu-
ated, there is an overall 62.8% 5-year survival for head and 
neck RMS [39, 40]. When sinonasal tract RMS are reviewed, 
children are reported to have a 53–58% 5-year overall sur-
vival versus 32% for adults [41, 42].

Further, all SNT RMS are reported to have a 47% 5-year 
overall survival and a 46% 10-year survival, suggesting that 
those who survive the first 5 years are likely to be considered 
cured [43]. The cohort of 14 SNT RMS cases reported by 
Fu et al. showed 11 patients dead of disease within 2 years 

of diagnosis (79%) [44], although they only had a single 
adult patient with alveolar histology. In this cohort of adult 
patients with ARMS specifically, 63.5% of patients had dis-
ease at last follow-up, with an average of 16.9 months (range 
2.4–75.2 months), suggesting a worse prognosis for this 
adult population with ARMS (36.5% alive or dead without 
evidence of disease), a finding similar to 44% 5-year overall 
survival reported by Callender, et al. [41] Further, there is 
a much lower overall 5-year survival of 28–38% in patients 
with SNT ARMS versus 49–57% for SNT embryonal type, 
although not stratified based on age [40, 41, 43]. These find-
ings are similar to the findings in this report on a cohort of 
adult patients with SNT ARMS. Thus, it seems that SNT 
ARMS have a worse overall outcome than other anatomic 
sites, a worse prognosis than SNT embryonal RMS, and 
adults a worse prognosis than children, making the SNT, 
ARMS type, and adult patients all unfavorable factors in 
RMS [40, 41, 43, 45].

There is no accepted staging for SNT RMS, with modifi-
cations trying to establish a TNM type reporting. However, 
in reported cases, there was a better outcome for stage III 
(57% 5-year) and stage II patients (49%) compared to stage 
I patients (40%) [41], which does not support generalized 
principles of higher stage tumors usually associated with a 
worse prognosis. The Intergroup Rhabdomyosarcoma Study 
Group (IRSG) surgical pathology grouping system and stag-
ing system [5] has been applied to sinonasal tract, using 
the parameningeal criteria. However, in this case series a 
statistically significant difference in outcome based on IRSG 
staging was not identified. In general, however, there is a 
high rate of cervical lymph node involvement for head and 
neck RMS in general (28–50%) [36, 38, 46, 47] further sup-
ported by this study showing a 78.8% lymph node metastasis 
rate and a 48% M1 rate at diagnosis. Thus, in practical terms, 
SNT ARMS in adults must be managed much more aggres-
sively with a vigorous systemic therapy if a better prognosis 
is to be expected [36].

Conclusion

In conclusion, the findings in this series of adult SNT ARMS 
have shown a high aberrant coexpression of epithelial and 
neuroendocrine immunohistochemistry markers, highlight-
ing the necessity of obtaining a panel of immunohistochem-
istry markers that includes skeletal muscle markers (desmin, 
myogenin, myoD1) when primitive, undifferentiated, small 
cell or rhabdoid tumors are identified histologically. Mis-
takes in interpretation of epithelial and neuroendocrine 
markers can be avoided by implementing this approach. 
Multimodality therapies, specifically to include chemother-
apy regimens, should be considered in SNT ARMS in adults, 
as there is a very high likelihood of cervical lymph node 
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metastases and distant metastases. Overall, adult patients 
with SNT ARMS experience a worse outcome than chil-
dren with SNT ARMS, than patients with SNT embryonal 
RMS, and than patients with RMS in other head and neck 
or extremity sites.
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