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What do we know about the subject matter of this study?

Rhabdomyosarcoma is the most frequent soft tissue tumor in child-
hood. This entity should be considered in the differential diagnosis
of small round blue cell bone tumors.

What does this study contribute to what is already known?

We describe this tumor in a rare location and discuss its clinical
course and treatment. The diagnostic importance of imaging, his-
tologic and genetic studies to achieve a diagnosis of certainty is
emphasized in addition to the importance of protocolized and mul-

timodal treatment.

Abstract

Rhabdomyosarcoma (RMS) is a malignant solid tumor of mesenchymal origin. It is the most com-
mon soft-tissue sarcoma in childhood and adolescence. 65% of cases are diagnosed before the age of
6. Histological subtypes include embryonal, alveolar, pleomorphic, and fused-cell RMS. The embryo-
nal subtype is more frequent in children, while the alveolar one is more frequent in adolescents and
adults. Objective: To describe the clinical presentation of primary alveolar rhabdomyosarcoma in a
schoolgirl. Clinical Case: 7-year-old schoolgirl with one-month history of progressive pain in her left
thigh. X-ray shows a lytic lesion in the left femur diaphysis. A study was performed with 2 biopsies,
immunohistochemistry, and PAX-FOXO1 studies which were compatible with alveolar RMS. Con-
clusion: Primary alveolar rhabdomyosarcoma of the bone is rare, but it should be considered within
the differential diagnosis of primary small-round-blue cell bone tumors. Despite presenting a poor
prognosis cytogenetic, this type of tumor seems to have better biological behavior, which for a suc-
cessful treatment makes necessary to have a high index of suspicion in order to install a multimodal
therapy in the context of a national protocol.
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Introduction

Rhabdomyosarcoma (RMS) is a malignant solid
tumor that originates in mesenchymal cells involved
in the development of striated muscle tissue. It is the
most frequent soft tissue tumor in childhood, with an
annual incidence of 4.5 new cases per 1,000,000 people
under 15 years of age, 250 to 300 cases in the United
States, and 15 to 20 cases in Chile"?. It can be asso-
ciated with familial syndromes such as Neurofibroma-
tosis, Li-Fraumeni syndrome, Beckwith-Wiedemann
syndrome, or Costello syndrome®. Histologically, the
tumor cells resemble those of skeletal muscle. It is
classified according to histopathological findings into
embryonal, alveolar, pleomorphic, and spindle cell
subtypes*®.

Embryonal RMS is the most frequent and is asso-
ciated with a better prognosis, with 82% survival at 5
years, while alveolar RMS is clinically more aggressive
due to its propensity to present metastasis and recu-
rrences, with 65% survival at 5 years®. This subtype
shows characteristic genetic alterations, such as the
t(2;13)(q35;q14) or the t(1;13) (p36;q14) transloca-
tion involving the FOXO1 and PAX3 or PAX7 genes.
These genes lead to the production of new fusion pro-
teins that act as transcription factors and inhibitors
of myogenic differentiation, with oncogenic effects”,
which correlates with clinical evolution. This group of
alveolar RMS expressing these fusion genes has a more
aggressive behavior and worse prognosis’.

Patients with embryonal and/or alveolar RMS even
with FOXO-1 positive and localized disease, classified
as low risk, have a survival rate of over 80% with mul-
timodal treatment including chemotherapy, surgery,
and/or radiotherapy depending on whether there was
complete resection or control of the primary disease.
On the other hand, patients with metastatic or recu-
rrent disease have a 20-30% chance of resolution'®'".

The most frequent location of RMS is head, neck,
and male and female genitourinary, as well as trunk and
limbs. Primary bone RMS, either embryonal or alveo-
lar, is very rare and its clinical course is not completely
defined. Its pathogenesis is not clear and the origin of
the tumor cells is not from differentiated skeletal mus-
cle cells but rather from pluripotent and mesenchymal
stem cells with skeletal muscle differentiation'.

The objective of this article is to describe the clini-
cal presentation of a primary alveolar rhabdomyosar-
coma of the bone in a schoolgirl.

Clinical Case

A 7-year-old female schoolchild, with no remarka-
ble morbid history, with a 1-month history of progres-
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sive pain in the left thigh and claudication of this limb.
She had no general condition involvement or other
symptomatology.

Radiography of the left lower limb was performed,
which showed a lytic lesion located in the femur dia-
physis, with poorly defined borders, areas of cortical
interruption, and periosteal reaction in an “onion-
skin” pattern. The study was completed with MRI
which showed a lytic tumor lesion with areas of central
necrosis and low-signal-intensity concentric circular
areas in the cortical zone. There was no soft tissue in-
volvement. A bone scan was performed showing only
an irregular uptake at the left femoral level, from the
intertrochanteric region to the inferior metaphysis (fi-
gure 1).

Due to the clinical and imaging characteristics,
Ewing’s sarcoma or osteosarcoma was suspected, so
the study was completed with a biopsy. Hematoxylin-
Eosin staining showed small round blue cells, with
positive immunohistochemistry for vimentin, desmin,
and myogenin (figure 2), compatible with RMS. Given
the infrequency of this diagnosis in a bone tumor, it
was decided to repeat the biopsy for confirmation and
also to perform a complimentary genetic study. A FISH
test was performed which was positive for the FOXO-1
gene (Saint Jude Hospital, USA), which is consistent
with alveolar RMS. Subsequently, tumor staging was
performed with a chest CT scan and myelography,
which were normal.

She started chemotherapy according to the na-
tional protocol for localized RMS, with Vincristine-
Actinomycin-Cyclophosphamide. The treatment was
well tolerated. The evaluation at week 12 of treatment
showed a better defined femoral lytic lesion, without
manifestations of disease in other areas. En-bloc, free-
margin resection of the tumor lesion was performed,
with bone graft placement. The operative specimen
showed 50% of necrosis.

The patient evolved favorably and continued with
chemotherapy until completing the protocol at week
46. The end of treatment evaluation showed the disea-
se in remission.

Currently, 5 years after diagnosis, the patient is in
good condition, presenting only mild claudication se-
condary to mild shortening of the left lower limb. Ac-
cording to the usual criteria, the patient is considered
cured of her underlying disease. However, she will be
monitored periodically to evaluate the appearance of
sequelae or long-term effects of chemotherapy.

Discussion

RMS is the most frequent solid soft tissue tumor in
childhood. Morphologically, it is part of the so-called
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Figure 1. Imaging study of primary lesion A) Femur X-ray: infiltrative lytic lesion with poorly defined borders with areas of cortical interruption in
the distal diaphysis. Fine periosteal reaction with apparent “onion tissue” morphology. B) MRI: extensive bone lesion with disruption of the cortical
bone and increased volume of neighboring soft tissues. C) Tc-99 bone scan increased irregular uptake in the left femoral shaft, from the infratro-
canterean region to the lower metaphysis.

small round blue cell tumors, a group of neoplasms
that constitute a diagnostic challenge in the pediatric
age since they are tumors with diverse biological na-
ture and different degrees of aggressiveness and de-
termined treatments, so it is very important to have
the diagnosis with the greatest possible certainty. This
family of tumors is made up of rhabdomyosarcoma,
neuroblastoma, Ewing sarcoma/primitive neuroecto-
dermal tumor (ES/PNET), lymphoma, chondrosarco-
ma, rhabdoid tumor, and osteosarcoma. These tumors
present similar histological characteristics and the way
to differentiate them is through immunohistochemis-
try and genetic studies'>'.

The diagnosis of RMS is based on histologic featu-
res showing a small round cell tumor and spindle cells
with a high mitotic rate. Immunohistochemistry shows
positivity for markers of muscle origin such as vimen-
tin, myogenin, and desmin. Regarding anatomopatho-

logical characteristics, RMS is classified into different
subtypes with prognostic significance, a subgroup of
good prognosis such as botryoid, leiomyosarcoma-
tous, and spindle cell RMS, one of intermediate prog-
nosis as embryonal RMS, and one of poor prognosis as
alveolar RMSP. Clinically, it manifests as a mass and its
symptomatology will depend on the location and the
neighboring structures involved.

Genetic alterations also correlate with histologic
and prognostic characteristics, thus embryonal RMS
present loss of heterozygosity at 11p15.5, while alveo-
lar RMS in 77% of them, present genetic alterations
at the level of chromosome 13, with reciprocal trans-
locations t(2;13)q35;q14) or t(1;13)(p36;q14), which
compromise the FOXO1 gene generating new fusion
proteins that act as transcription factors of greater po-
tency than native proteins, preventing myogenic diffe-
rentiation and inhibiting apoptosis'®!”.
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Figure 2. Bone biopsy. A and B: Hematoxylin-Eosin stain. Small round blue cell tumor; some fused cells. C: immunohistochemical staining for
desmin. D: immunohistochemical (IHC) staining for myogenin. Both IHC stains show intense cytoplasmic staining.
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Alveolar RMS represents approximately 15 to 20%
of all RMS. It occurs more frequently at school and pu-
bertal age and is more frequently located in the extre-
mities. It is usually a more aggressive tumor, presenting
with greater local invasive and metastatic involvement
than embryonal RMS*, and therefore its prognosis is
more uncertain, with a higher rate of recurrences and
lower survival.

Alveolar RMS associated with positive fusion for
FOXO1 gene has a worse prognosis even with aggres-
sive multimodal treatment and the factors that define
the outcome are the patient’s age, site of origin, tumor
size, resectability, presence of metastases in number,
sites, and tissues involved as well as regional lymph
node involvement. Patients with regional lymph node
involvement have a lower survival at five years (43%)
than those without involvement (73%'%!*2, In this cli-
nical case, the tumor was completely resected, with free
margins and there was no regional or distant involve-
ment, which is associated with a better prognosis.

Primary RMS of the bone, either embryonal or al-
veolar, is very rare. Bone involvement is usually secon-
dary to a soft tissue mass invading neighboring tissues
or metastatic involvement in the bone marrow?'. In the
reported case, imaging and biopsy ruled out tumor soft
tissue involvement, thus confirming that it was a pri-
mary bone tumor.

There are very few cases published in the interna-
tional literature. The review carried out by the authors
only shows 6 patients with primary alveolar RMS of
the bone in which there is bone marrow infiltration,
without describing a primary tumor that can be loca-
ted in other areas, however, the presentation as a bone
tumor without bone marrow infiltration as in our case
is not described*.

The reported cases of primary alveolar RMS of the
bone and positive genetic study of fusion show a bet-
ter survival compared with those of soft tissue origin,
which causes even greater difficulties in the best cha-
racterization of this rare type of presentation®.

Alveolar soft tissue RMS commonly infiltrates the
bone marrow, which causes a diagnostic challenge, as
it can mimic the symptoms of hematologic malignan-
cy or a primary bone tumor, so a biopsy is mandatory
in each case. The differential diagnosis should include
Ewing’s sarcoma, non-Hodgkin’s lymphoma, mesen-
chymal chondrosarcoma, and osteosarcoma with a
small cell variant. While the morphology of the tumor
cells is similar, small and round, the osteoid neoplasm
is like osteosarcoma and the hyaline cartilage as chon-
drosarcoma, as well as the intracytoplasmic vacuoles or
striation of the tumor cells as RMS.

Besides the careful study of Hematoxylin-Eosin
staining, immunohistochemistry including actin, vi-
mentin, desmin, myogenin, CD99, and S100 is of un-
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doubted value in diagnosis, also molecular examina-
tion such as flow cytometry (in hematological diseases)
or gene fusion analysis ( t(11;22) in Ewing or FOXO1
in RMS) are now part of the diagnostic panel'*!¢. Im-
munohistochemistry in our patient was positive for vi-
mentin, desmin, and myogenin and negative for CD99.

As RMS is a relatively rare entity, national and in-
ternational cooperative studies have been crucial in
the study of this disease. In our country with the sup-
port of the National Program of Antineoplastic Drugs
(PINDA), and the Latin American regional sphere with
the GALOP protocol, multimodal treatment proto-
cols have been developed obtaining an improvement
in overall survival, but this has not been reflected in
patients with metastatic or recurrent disease, which
makes new therapies necessary, such as the approach
with immunotherapy, molecular target, or with a di-
fferent approach in terms of aggressive local therapy if
the clinical case allows it?#%,

Conclusion

Primary alveolar RMS of the bone appears to be
a distinct clinicopathologic entity, with better appa-
rent biologic behavior, since although it is aggressi-
ve in its histology and even with a positive FOXO-1
gene, it has better survival than soft tissue tumors. Our
patient, 5 years after her diagnosis and following the
treatment according to protocol, has no evidence of
disease, which would support this better evolution in
this group of patients. It is difficult to predict its evo-
lution due to the low number of cases reported so far.
Although infrequent, this tumor should be considered
in the differential diagnosis of primary small round
blue cell bone tumors.
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