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Primary pulmonary rhabdomyosarcoma (RMS)
is one of the most common soft-tissue malignancies in
children, but is rare in persons aged >45 years (Triche,
1997; Ferrari et al., 2003). RMS is considered to
result from the malignant transformation of primitive
mesenchymal cells. The head, neck, and limbs are the
principal locations of RMS. Primary pulmonary RMS
is extremely rare and is frequently misdiagnosed as
small cell lung cancer.

In this letter, we report a case of primary pul-
monary RMS in an adult patient, which was the only
histologically confirmed case of RMS diagnosed
between January 1995 and July 2012 in West China
hospital. A 51-year-old man presented with a dull pain
in the left chest, tightness of breath for one month,
and aggravation of these symptoms for 2 d. A
soft-tissue mass in the upper left lung was detected on
chest computed tomography (CT). Fiberoptic bron-
choscopy showed a cauliflower-like neoplasm in the
lower segment of the left main bronchus. Immuno-
histochemical examination of a biopsy specimen
showed that the neoplasm was an RMS, as the cy-
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toplasm of the tumor cells was diffusely positive for
desmin, and the nuclei were partially positive for
myogenin. Some tumor cells showed polyploid
chromosomes. Although three cycles of chemothe-
rapy were administered, the patient died 8 months
after the diagnosis because of tumor deterioration.
Currently, no effective therapeutic strategies for RMS
exist. Further studies are required to analyze the
prognostic factors, histological features, and mole-
cular biological characteristics of RMS, which remain
controversial or unknown.

A 51-year-old man visited our respiratory de-
partment with chief complaints of dull pain in the left
chest and tightness of breath since 1 month, and ag-
gravation of these symptoms since 2 d. The chest CT
scan showed a space-occupying lesion in the left main
bronchus. An enhanced chest CT scan revealed com-
plete atelectasis of the left lung due to obstruction of
the left main bronchus by a soft-tissue mass; the me-
diastinum was shifted to the left (Fig. 1a). Fiberoptic
bronchoscopy showed a cauliflower-like neoplasm in
the lower segment of the left main bronchus (Fig. 2a).
Biopsy examination of the mass suggested a small
cell carcinoma; however, the results were inconclu-
sive. We therefore repeated the fiberoptic bronchos-
copy and resected a part of the mass in the left main
bronchus (Fig. 2b). Immunohistochemical examina-
tion showed that the neoplasm was an RMS, as the
cytoplasm of the tumor cells was diffusely positive
for desmin and the nuclei were partially positive for
myogenin (Fig. 3) (Pappo et al., 1995; Dias et al.,
2000). The FOXOI (FKHR) gene translocation was
not detected on fluorescent in situ hybridization.
Some tumor cells showed polyploid chromosomes. A
repeat chest CT scan (Fig. 1b) showed an 8.6 cmx
7.2 cm, lobulated, soft-tissue mass in the upper left
lung near the hilum. Magnetic resonance imaging
showed multiple cysts and small nodules in the liver,
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necessitating further investigation to determine
whether these were metastases. A bone scan and bone
marrow biopsy ruled out bone involvement. The final
diagnosis was central-type, alveolar RMS (ARMS) of
the left lung (cT3NxMO, stage III). Surgery was not
indicated, and the patient was referred to the Oncol-
ogy Department for Chemotherapy. He was admi-
nistered a multidrug regimen that included ifosfamide
(2.0 g, Days 1-2, intravenous intravenously guttae
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(ivgtt)), epirubicin (80 mg, Day 1, iv), and dacarba-
zine (200 mg, Days 1-3, ivgtt). After two cycles of
chemotherapy, his symptoms were relieved, and chest
CT showed that the lesion in the left lung was slightly
smaller than it had been 2 months ago (Fig. 1¢). One
more cycle of chemotherapy was administered, but its
effects were very limited. The final chest CT showed
that the tumor was significantly larger than it had
been 8 months ago (Fig. 1d). The patient died because

(b)

(d)

Fig. 1 Chest computed tomography (CT) scans of the patient during different periods
(a) July 28, 2011, the chest CT scan shows complete atelectasis of the left lung due to obstruction of the left main bronchus
by a soft-tissue mass; (b) Aug. 28, 2011, after a second fiberoptic bronchoscopy, the chest CT scan shows a lobulated
soft-tissue mass (8.6 cmx7.2 cm) in the upper left lung near the hilum; (c) Oct. 26, 2011, after two cycles of chemotherapy,
the chest CT scan shows that the lesion in the left lung is slightly smaller; (d) Mar. 23, 2012, after three cycles of chemo-
therapy, the chest CT scan shows that the tumor has significantly enlarged

Fig. 2 Bronchoscopic images of the patient
(a) Bronchoscopic images (July 27, 2011) showing a cauliflower-like neoplasm in the lower segment of the left main
bronchus. The lesion has completely blocked the lumen of the bronchus, and bronchoscope cannot be passed further.
(b) Bronchoscopy was repeated on Aug. 3, 2011 and part of the tumor mass was removed. The tumor can be seen to ori-
ginate from the upper left lobe bronchus; the left lower lobe bronchus openings are not involved
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Fig. 3 Hematoxylin-eosin (HE) staining and immuno-
histochemical staining (400x)

(a) HE staining of a bronchial biopsy specimen showing
scattered or clustered tumor cells, with round or oval ba-
sophilic nuclei and marked atypia; (b) Cytoplasmic desmin
expression is detected in most tumor cells on immunohis-
tochemical staining; (c) Nuclear myogenin expression is
detected in some tumor cells on immunohistochemical
staining

of tumor deterioration in June 2012. This study was
approved by the Human Ethics Committee of Sichuan
University and performed in accordance with the
Guidelines for Human Experimentation of Sichuan
University.

RMS is one of the most common mesenchymal
malignancies in children and adolescents (Ferrari et
al., 2003), accounting for 5%—15% of all solid ma-
lignancies and 4%—8% of all malignancies in children
aged under 15 years (Koumarianou et al., 2012).
RMS is extremely rare in individuals aged more than
45 years. RMS results from the biological changes

caused by aberrations in the transcription signals that
lead to myogenic protein production (Koumarianou et
al., 2012). This tumor possibly originates from plu-
ripotent cells, which can differentiate into muscle
cells. RMS can occur in various locations, but pri-
mary RMS is rarely found in the lungs, which contain
no striated muscle (Parham and Ellison, 2006); rather,
the lung is the most common organ for tumor metas-
tasis. RMS causes local symptoms related to mass
lesions, infiltration and destruction of adjacent tissues
(Parham and Ellison, 2006). It has diverse, non-
specific clinical manifestations and is therefore easily
misdiagnosed.

RMS can be divided into embryonal and alveolar
subtypes based on its pathological features (Sorensen
et al., 2002). Recently, the RMS classification was
expanded to include the botryoid and spindle cell
variants of the embryonal subtype, and a rare primi-
tive tumor termed undifferentiated sarcoma (Newton
et al., 1995; Sorensen et al., 2002). The clinical clas-
sification of RMS is based on local and distant spread
and the possibility of surgical removal of the local
lesion; primary tumor sites are usually classified as
favorable or less-favorable (Wexler and Helman,
1997; Sorensen et al., 2002). Owing to the great var-
iation in RMS outcomes, many researches have been
focused on determining prognostic indicators that can
be used for therapeutic stratification of RMS patients
(Crist et al., 1990; Sorensen et al., 2002). Currently,
the most useful prognostic indicators are extent of
disease at presentation, site of primary tumor, histo-
logical characteristics, and type of therapy adminis-
tered (Crist et al., 1990). Detailed classifications of
RMS are helpful to evaluate patient prognosis (Triche,
1997; Parham and Ellison, 2006). In general, botryoid
and spindle cell RMS have a good prognosis, em-
bryonal RMS (ERMS) has an intermediate prognosis,
and ARMS has a poor prognosis (Parham and Ellison,
2006). ERMS principally presents in areas with little
skeletal muscle, including the head and neck, retro-
peritoneum and genitourinary tract, in children aged
<10 years and accounts for approximately 60% of all
RMS cases. The 5-year survival rate of ERMS is 70%.
In contrast, ARMS often involves sites that are adja-
cent to skeletal muscle, in the extremities and trunk. It
primarily affects adolescents and young adults, and
accounts for approximately 20% of all cases of RMS.
The 5-year survival rate of ARMS is <10%.
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The mechanisms underlying the development of
RMS remain unclear. Analysis of recurrent cytoge-
netic alterations in solid tumors has shown that reci-
procal chromosomal translocations are related to
sarcomas (Sorensen et al., 2002). Cloning studies
have demonstrated in-frame fusion of the coding
sequences of rearranged genes, resulting in fusion
transcripts that encode oncogenic chimeric proteins
with oncogenic activity (Sorensen ef al., 2002). The
detection of chromosome translocation and fusion
genes can facilitate the diagnosis and classification of
RMS. Chromosomal analyses have demonstrated that
the translocations t(2;13)(q35;q14) and t(1;13)(p36;
ql4) are associated with ARMS (Davis et al., 1994;
Fredericks et al., 1995; Ladanyi, 1995; Sorensen and
Triche, 1996; Sorensen et al., 2002). Some studies
demonstrated that these translocations fuse the fork-
head box O1 (FKHR) locus on chromosome 13 to
either PAX3 on chromosome 2 or PAX7 on chromo-
some 1 (Galili et al., 1993; Folpe et al., 2002; So-
rensen et al., 2002). The t(2;13)(q35-37;q14) trans-
location, which generates the PAX3-FKHR chimeric
gene, has been identified in 70% of ARMS patients.
In addition, a variant translocation, t(1;13)(p36;q14),
which generates the PAX7-FKHR chimeric gene, has
been detected in <20% of ARMS patients. These two
translocations are sensitive and specific markers for
ARMS and have not been found in any other tumor
(Triche, 1997). The FKHR gene has been detected in
80% of ARMS patients. In ERMS, a consistent loss
of heterozygosity (LOH) at 11pl5 is detectable
(Besnard-Guerin et al., 1996; Chang et al., 1996).

Developing muscle expresses unique transcrip-
tion factors that initiate myogenesis (Barr, 2001);
therefore, muscle cells have a relatively unique phe-
notype. The markers desmin and myogenin are useful
in the diagnostic work-up of ARMS (Parham and
Ellison, 2006). Desmin is also found in other small
round cell tumors, especially desmoplastic small
round cell tumor (Ordonez, 1998). Therefore, desmin
is not a specific marker of ARMS, but forms a useful
part of a diagnostic panel for ARMS. The transcrip-
tion factors myogenic determination factor (MyoD)
and myogenin are highly sensitive and specific for
RMS (Cessna et al., 2001). In general, ARMS cells
show nuclear expression of MyoD and myogenin
(Dias et al., 2000), whereas ERMS cells stain in a
more heterogeneous fashion. Unlike other forms of

ARMS, sclerosing RMS, a newly described variant, is
strongly positive for MyoD, but only weakly positive
for myogenin (Folpe et al., 2002).

In our patient, the tumor was misdiagnosed as a
small cell lung cancer on pathological examination of
the biopsy specimen obtained using the first fiberop-
tic bronchoscopy. However, immunohistochemical
examination of a second biopsy specimen, obtained
by repeating the bronchoscopy, showed that the cy-
toplasm of the tumor cells was diffusely positive for
desmin, while the nuclei were partially positive for
myogenin. These results indicated that the tumor was
an RMS. The diagnosis of RMS depends on com-
prehensive analysis of data from clinical, histological,
immunohistochemical, electron microscopic, and
molecular biological examinations (Gurney et al.,
2005). In the past, RMS was mainly diagnosed using
electron microscopy. With the development of genetic
tests and immunohistochemistry, the use of electron
microscopy for the diagnosis of RMS has declined.
Currently, immunohistochemistry and molecular bi-
ology are particularly important for the diagnosis of
RMS (Parham and Ellison, 2006). The identification
of myogenic markers, and in particular, microchip
analysis, can help identify RMS in cases of diagnostic
difficulty (Golub et al., 1999).

To our knowledge, no therapeutic regimen for
RMS has proved absolutely effective. RMS treat-
ments are selected according to the clinical TNM
classification (Table 1) (Koumarianou et al., 2012),
the pathological subtype, and the intergroup rhab-
domyosarcoma study (IRS) post-surgical grouping
system (Table 2) (Koumarianou et al., 2012). It was
reported that the tumor mass decreased after induc-
tion chemotherapy in 77% of RMS patients, the ma-
jority of whom showed only a partial response before
planned local control (Burke et al., 2007; Minn et al.,
2010). Unless patients exhibit disease progression,
induction of chemotherapy, local control with radia-
tion therapy, surgery or both, and chemotherapy
should be continued as planned (Minn et al., 2010).
Our patient had advanced disease, and we therefore
administered only chemotherapy. The patient refused
further radiation therapy, and did not receive treat-
ment for local control. Although chemotherapy can
help to some extent in the early stages, RMS, being a
malignant tumor, carries a poor prognosis. Metastasis
occurs in most RMS patients, leading to inoperability.
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Table 1 TNM classification for rhabdomyosarcoma (RMS) (Koumarianou et al., 2012)

Stage Site of primary tumor Tumor size ~ Regional lymph node Distant metastases
1 Orbit, non-parameningeal head and neck, Any size NO, N1 MO
genitourina non-bladder/prostate, biliary tract
All other sites <S5cm NO MO
3 All other sites <5cm; NI; MO
>5 cm NO, N1
4 Any sites Any size NO, N1 M1

NO: regional nodes not clinically involved; N1: regional nodes clinically involved by neoplasm; MO: no distant metastasis; M1: metastasis

present

Table 2 Classification of rhabdomyosarcoma (RMS) into four post-surgical pathologic groups based on the extent
of the residual disease after initial surgical treatment (Koumarianou et al., 2012)

Group Definition
I Localized tumor, completely removed with pathologically clear margins and no regional lymph node
involvement
II Localized tumor, grossly removed with (a) microscopically involved margins, (b) involved, grossly
resected regional lymph nodes
I Localized tumor, with gross residual disease after grossly incomplete removal, or biopsy only

v Distant metastases present at diagnosis

While advances in molecular biology have offered
novel therapeutic strategies, the treatment of RMS
remains a clinical challenge.

As primary pulmonary RMS is extremely rare,
we could not find any treatment recommendations for
this condition. Single-agent therapy with antineop-
lastic drugs such as vincristine, dactinomycin, and
cyclophosphamide was shown to be effective against
RMS in the early 1960s (Crist et al., 2001). In the
1970s, combination chemotherapy (vincristine, dac-
tinomycin, and cyclophosphamide [VAC regimen])
along with radiation therapy was shown to increase
complete response rates among newly diagnosed
patients. In a recent study of pediatric RMS, Crist
et al. (2001) reported that the VAC regimen, with or
without radiation treatment, was the gold standard for
RMS. However, none of the regimens they compared
was superior to the others. Moreover, this therapeutic
gain was negatively offset by a slightly worse out-
come for patients with ARMS or undifferentiated
RMS. A new therapeutic approach is required for
these patients. Topotecan is the most promising new
agent for RMS. Clinical studies have indicated that
topotecan is highly active against human RMS, es-
pecially, ARMS (Houghton et al., 1991; Crist et al.,
2001; Pappo et al., 2001).

In summary, primary pulmonary RMS is rare
and can be easily misdiagnosed as small cell lung

cancer. The diagnosis of RMS depends mainly on
pathologic, immunohistochemical, and molecular
biological studies. Currently, no effective therapeutic
regimens for RMS exist. Further studies are required
to analyze the prognostic factors, histological features,
and molecular biological characteristics of RMS,
which are either controversial or unknown.
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