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Abstract
Duchenne muscular dystrophy (DMD), caused by a mutation in the DMD gene, is known to be associated with co-morbidities
including cardiomyopathy, respiratory failure, neuromuscular scoliosis and intellectual disability. Animal studies have explored the
susceptibility of dystrophin-deficient mice with the development of myogenic tumors. While there is adequate literature describ-
ing both DMD and rhabdomyosarcoma (RMS) separately, there has yet to be a comprehensive literature review investigating the
possibility that patients with DMD may be at a higher risk of developing RMS and other myogenic tumors. We present the case
of a pediatric patient with DMD who developed alveolar RMS and review the literature for susceptibility to development of myo-
genic tumors in cases of DMD gene mutation.
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Introduction
The most common type of muscular dystrophy is Duchenne
muscular dystrophy (DMD), an X-linked recessive disorder
which primarily affects males. DMD originates from alterations
to the DMD gene which encodes the dystrophin protein, located
on the short arm of the X chromosome.1 The DMD gene is the
largest known human gene, which in turn creates a higher muta-
tion rate compared to other human genes. As a result, there are
over 4000 types of deletions, duplications, and point changes
that have been identified in the DMD gene.2 The dystrophin
protein is essential for the structure of skeletal and cardiac
muscle. Without a functional dystrophin, the muscle is fragile
and easily damaged.

Rhabdomyosarcoma (RMS) is the most common soft tissue
sarcoma in children, consisting of malignant rhabdomyoblasts,
a precursor to skeletal muscle cells, with an incidence of 4.5
cases per million children per year.3,4 Subtypes of RMS
include embryonal RMS (ERMS), alveolar RMS (ARMS),
and pleomorphic RMS.5 ERMS is considered to be more
common, but ARMS has a poorer prognosis,6 and is more com-
monly seen in adolescents and young adults. ARMS has been
associated with specific chromosomal translocations that also

affect prognosis. These translocations are between PAX3,
PAX7, and FOX017 resulting in fusion proteins, PAX3/
FKHR (t2:13) and PAX7/FKHR t(1:13), respectively.5,8

ARMS is the only subtype of RMS that has these characteristic
chromosomal translocations.9 Interestingly, our patient had
FOX01 rearrangement, which has been associated with poorer
outcomes in RMS.7

Case Report
A 5-year-old male with a history of DMD (deletion exon
45-62), diagnosed at 2.5 years of age and being managed on
chronic corticosteroids, presented for evaluation of a mass
on his right forearm, which was initially noticed after a fall
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on an outstretched hand a few days prior. Ultrasound showed a
“focal solid mass measuring 4.1× 1.6× 3 cm” with heterogene-
ity and vascular appearance. He underwent an incisional
biopsy of the lesion, and pathology showed an ARMS (Figures
1 to 3) FISH positive for FOX01 rearrangement. Gross total
resection was completed with sentinel node biopsy confirming
lymph node involvement. Staging workup was negative with
no evidence of bone or bone marrow involvement. Based on
pathologic findings, he was diagnosed with intermediate-risk
RMS requiring treatment with both chemotherapy and radia-
tion. At present (∼18 months after diagnosis), he has completed
radiation and is receiving maintenance chemotherapy. Most
recent imaging has shown stable disease with no further evi-
dence of metastasis.

Discussion
There are limited reports of the role of DMD gene in tumorigen-
esis highlighted in animal models. In fact, there are only 2 case
reports of patients with DMD developing RMS. The first
described a 4-year-old boy who was diagnosed with DMD, and
approximately 7 months later developed abdominal, pelvic, and

left leg pain. Incisional biopsy of inguinal lymph nodes was per-
formed, and pathology was consistent with metastatic ARMS.1

The second case was a 7-year-old male with DMD who devel-
oped parotid swelling after local trauma. Pathologic examination
of the parotid mass confirmed ERMS.10 Neither of the specific
dystrophin mutations in these patients are available in their pub-
lications. Our patient is the second reported case of a patient with
DMD and the alveolar subtype of RMS.

The most relevant in vivo model that supports the hypothesis
that patients with DMD may be at risk for developing RMS is
the mdx mouse model, which lacks dystrophin. In longevity
studies, these mice were histologically found to have a
similar generation-regeneration cycle that results in pseudohy-
pertrophy of muscle fibers that is seen in human patients. In
one study, it was found that that older mdx mice were at risk
of developing muscle tumors similar to the human form of
ARMS. The 6 of 94 mdx mice developed RMS and 3 of 6
developed ARMS. Only 3 of 83 wild-type (WT) mice devel-
oped tumors, none of which were RMS.11 This unique develop-
ment has been further supported by the fact that RMS has not
been found to develop spontaneously in WT mice or mice
that express a functional dystrophin.12

Figure 1. Malignant tumor infiltrating the skeletal muscle. Hematoxylin and eosin (H&E), 200× .
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In addition to ARMS, there may be a risk for developing
RMS in patients with muscular dystrophy due to mutations in
the dystrophin-associated glycoprotein (DAG) complex.
Dystrophin stabilizes the muscle fiber sarcolemma by interact-
ing with DAG, resulting in the linking of the muscular cytoskel-
eton to the extracellular matrix.13 This complex is composed of
alpha and beta subunits14 Secondary dystroglycanopathies are
caused by mutations in the glycosyltransferase encoding
genes: fukutin related protein or LARGE. This leads to
impaired glycosylation of the alpha subunit of the DAG.13

One study showed that mdx mice or mice with a mutated
alpha sarcoglycan spontaneously develop ERMS.7 In this
study, 9% of dystrophin-deficient mdx mice, and 5% of alpha
sarcoglycan knockout mice, developed ERMS of skeletal
muscles. While the WT mice developed tumors, none were
myogenic tumors.7 This study reinforces that a dysfunctional
dystrophin, whether that be due to a knockout mutation (the
mdx mouse), or a dystroglycanopathy (alpha sarcoglycan
knockout mice), has been associated with the development of
RMS.

Finally, other studies have suggested that dystrophin may
play a role as an antimetastatic factor.15 In a study of high-grade

myogenic cancers including RMS, leiomyosarcomas (LMS),
and gastrointestinal stromal tumors (GISTs), researchers
found that dystrophin expression was absent or weak in 100%
of metastatic ERMS, 62% of metastatic LMS, and 75% of high-
risk GISTs.15 When the specific dystrophin isoform studied was
re-expressed, it inhibited the invasiveness and migration in
GIST, ERMS, and LMS. Therefore, it has been proposed that
dystrophin acts as a tumor suppressor by inhibiting myogenic
sarcoma cell migration, invasion, anchoring, and invadopodia
formation.15

Conclusions
While there are very few case reports associating RMS and
DMD, we feel it is important to explore this connection
further. There is an abundance of literature in animal models
that shows dystrophin-deficient mice have susceptibility to
developing spontaneous RMS. The development of RMS in
the three reported cases (including ours) was likely not coinci-
dental. If these two rare conditions are associated, a high index
of suspicion would be required from providers for timely diag-
nosis of RMS in patients with DMD.

Figure 2. Malignant tumor with discohesive “alveolar” growth pattern. Hematoxylin and eosin (H&E), 400×.
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Future directions for scientific research would be exploring
specific dystrophin mutations and their relationship to develop-
ing RMS and other tumors of myogenic origin. Thus far, there
has been no literature examining the prevalence of specific
mutations in DMD and the subtype of RMS. Patients with
DMD are now living longer with current therapies and suppor-
tive care. It is important to recognize that with therapeutic
advances the cancer risk may not be mitigated. With both
DMD and RMS being rare diseases, multidisciplinary
disease-specific multicenter registries will play a large role in
collecting this data over time, and review of this data would
provide valuable insights into this association in humans.
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