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Abstract: Multiple genetic conditions predispose to the development of rhabdomyosarcoma. Much of the
literature on rhabdomyosarcoma in genetic syndromes does not sub-divide the location or the pathology
of the sarcomas. Therefore, there are limited data on genitourinary specific associations with certain
genetic syndromes. We summarize, here, the primary differential considerations for rhabdomyosarcoma
of the genitourinary system. Primary considerations include DICERI pathogenic variation, Li-Fraumeni
syndrome, constitutional mismatch repair deficiency, mosaic variegated aneuploidy, neurofibromatosis
type 1, Noonan syndrome, other RASopathies, Costello syndrome, and Beckwith-Wiedemann syndrome.
Some conditions may present with specific pathological, clinical and/or family history features, but for
others, the genitourinary tumor may be the only presenting sign at the time of diagnosis. Genetic evaluation
with counseling and/or testing may help identify an underlying tumor predisposition. This manuscript serves

as an introduction to germline considerations for children with genitourinary rhabdomyosarcoma.
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Introduction possible underlying genetic predisposition as some sites
) ) may be more typical for certain syndromes. Histologically,
Rhabdomyosarcomas are malignant soft tissue tumors that .

different subtypes of rhabdomyosarcoma may suggest

arise from striated undifferentiated muscle cells. Multiple . . . .. .
certain genetic predispositions. For example, the primary

genetic conditions may predispose to the development of

histologic classifications of RMS are embryonal (including
rhabdomyosarcoma (1). Much of the literature on RMS

. ' - ' the botryoid and spindle cell variants) or alveolar (2-4);
in genetic syndromes does not sub-divide the location or having anaplasia or botryoid type increases the likelihood

the pathology of the sarcomas. Therefore, data are limited of germline genetic predisposition (5,6). The spindle cell

on genitourinary (GU) specific associations with certain variants are most common in the paratesticular region

genetic syndromes.

Potential sites of rhabdomyosarcoma (RMS) in the GU
tract include para-testicular, bladder, prostate, urachal,
vaginal, cervical, uterine, ovarian, or retroperitoneal.

It is important to note the location when considering
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regardless of genetic predisposition.

As somatic molecular analyses are increasingly utililized,
germline variants may also be detected somatically during
pathological evaluation. Cytogenetically, within the alveolar
subtype clinical evaluation of PAX3-FOXO1 or PAX7-
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FOXO1 chromosomal translocations and within the
embryonal subtype, evaluation for allele loss at the 11p15.5
locus can aid in identifying associations with genetic
syndromes (4). Additionally, other tumor types may have
rhabdomyosarcomatous differentiation which may also
increase the likelihood of a germline genetic predisposition.

In this article, we summarize possible genetic
considerations for children with rhabdomyosarcoma
of the genitourinary system. These include DICERI
pathogenic variation, Li-Fraumeni syndrome, constitutional
mismatch repair deficiency, mosaic variegated aneuploidy,
neurofibromatosis type 1, Noonan syndrome, other
RASopathies, Costello syndrome, and Beckwith-
Wiedemann syndrome. Some conditions may present
with specific pathological, clinical and/or family history
features, but for others, the genitourinary tumor may be
the only presenting sign at the time of diagnosis. Genetic
evaluation with counseling and/or testing may help identify
an underlying condition.

DICER1 pathogenic variation

DICERI is a gene that encodes Dicer, an endonuclease
critical in microRNA processing (7). In 2009, this germline
pathogenic variation was first described in association
with pleuropulmonary blastoma (PPB), a rare thoracic
sarcoma, seen most commonly in infants and children
under age 7 (8,9). Pleuropulmonary blastomas often have
a significant rhabdomyosarcomatous component and may
be misdiagnosed as thoracic embryonal RMS on limited
biopsy specimens (10). Since the first description of
DICERI in association with PPB, the spectrum of DICERI-
related tumors has continued to expand and is now known
to include a variety of benign and malignant neoplasms
including ovarian and uterine tumors, renal tumors, brain
tumors, nasal tumors, both thyroid nodules and thyroid
cancer and macrocephaly (11-16).

Although pathogenic germline DICERI variants are
seen in between one in 2,529 and one in 10,600 individuals,
most individuals with DICERI germline variants do not
develop sarcoma (17). Despite the good health of most
individuals with DICERI variants, the rarity of sarcoma in
general leads to a marked elevation in relative risk for those
individuals harboring pathogenic variants (18). In addition
to tumors arising in individuals with germline DICERI
variants, DICER]I-related tumors may arise in individuals
without apparent genetic risk through development of
two somatically acquired mutations in DICERI. Nearly
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all DICERI-related tumors, however, whether arising
in the setting of germline predisposition, mosaicism or
biallelic somatic mutations, have a characteristic pattern:
loss of function mutation (often germline) plus a “hotspot”
mutation (generally somatically acquired) (19). These
“hotspot” mutations are typically missense mutations
confined to one of 5 codons within the RNase IIIb domain
and can be used to distinguish recurrent from metachronous
ovarian tumors. An important exception to this is when
multiple tumors arise in an individual with a predisposing
mutation in the RNase ITIb domain (20).

Within the GU system, ovarian tumors associated with
DICERI pathogenic variation include Sertoli-Leydig cell
tumors, gynandroblastoma and ovarian sarcoma. DICERI-
related ovarian sarcomas include embryonal RMS as well
as undifferentiated ovarian sarcoma (21,22). A single case
of ovarian fibrosarcoma bearing DICER] variants has been
reported (23). It should also be noted that Sertoli-Leydig
cell tumors frequently contain heterologous elements, often
sarcomatous which portend a poorer prognosis. Embryonal
RMS of the uterine cervix (¢(ERMS, predominantly botryoid
type) and less commonly of the vagina and uterine corpus
has also been observed (6,24,25).

In the kidney, cystic nephroma is common in individuals
with underlying germline pathogenic variants in DICERI,
seen in up to 10% of PPB kindreds (26,27). Rarely,
transformation of cystic nephroma to anaplastic sarcoma
of the kidney has been observed (28). A subset of Wilms
tumors are also DICERI-related. Cystic or partially cystic
renal tumors or renal tumors in association with a personal
or family history of lung cyst(s), macrocephaly or thyroid
nodules are particularly suggestive of DICERI variation.

When a germline pathogenic DICERI variant is
identified, testing and surveillance recommendations are
available for individuals and family members (29,30). In
early childhood, these recommendations include chest
X-rays, chest CT scans, and abdominal ultrasounds. As
children age, additional recommendations include thyroid
ultrasounds for males and females and pelvic ultrasounds
for females. Annual ophthalmologic examination is
recommended from age 3 until at least age 10. Throughout
life, education regarding potential symptoms of concern
and regular physical examinations remain important for

individuals with pathogenic variants in DICER]I (30).

Li-Fraumeni syndrome (LFS)

LFS is an autosomal dominant hereditary condition
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caused by pathogenic mutations in the gene TP53. It is
characterized by markedly increased risk for sarcoma, brain
tumors, pre-menopausal breast cancer, and adrenocortical
carcinoma, though a large variety of tumors have been
reported in individuals with LES (31). Current risk
estimates quantify the cancer risk for childhood malignancy
at approximately 40% (32), with cancer risk approaching
100% by age 70 (33). While these estimates are likely to
be inflated by ascertainment bias, it is not uncommon
to observe multiple cancer diagnoses over the course of
an individual’s lifetime, with cancers occurring at much
younger ages than expected for a sporadic cancer. LFS is
most commonly inherited, but may be de novo up to 25% of
the time, and also exhibits variable penetrance (31). As such, a
striking family history is not always observed, and a negative
family history does not rule out the possibility of LFS. Given
the substantial lifetime cancer risk for LFS patients, intensive
surveillance guidelines including routine whole-body MRI
have been published to reduce morbidity and mortality for
LES patients (31,34), although these protocols may impart
greater psychological burden. In addition, individuals with
LES have a sensitivity to radiation, and due to an increased
risk for developing new sarcomas in radiation therapy fields,
early identification of LFS by genetic testing can impact
treatment decisions by reducing the desire to utilize radiation
as local control and increasing consideration of more
aggressive surgical local control.

Approximately 25% of individuals with LFS will
develop a sarcoma in their lifetime (35). Sarcomas are
more likely to be seen in individuals with a missense
mutation in the DNA binding domain of TP53 (35).
The risk for developing a RMS is approximately 4% for
individuals with LFS, though data is not robust (35).
RMS occurs almost exclusively in individuals with LFS
under the age of 20 years, and children diagnosed before
age 3 are especially likely to have LES (35,36). Anaplastic
nonalveolar RMSs in early childhood is highly associated
with LFS (5), and so individuals with RMS of embryonal
anaplastic subtype meet National Comprehensive
Cancer Network genetic testing criteria for germline
TP53 testing regardless of age and family history (37).
Anaplastic subtype is associated with worse outcomes
in embryonal RMS; other subsets of LFS-associated
sarcomas may also be associated with a poorer prognosis
(38). No currently available literature that we could find
describes patterns of GU RMS in LFS, though risk for
any GU malignancy is previously reported at 7% (39).
Reported childhood malignancies include RMS of the
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lower pelvis in a 50-month-old and right paratesticular
RMS in a 40-month-old (5). Reported adult malignancies
include pelvic angiosarcoma, pelvic sarcoma, sarcomatoid
carcinoma of bladder, pelvic mesenchymal leiomyosarcoma,
leiomyosarcoma of spermatic cord, and leiomyosarcoma
of the bladder (39). Further research on the incidence
and nature of RMS of the GU tract in LFS is warranted,
especially given the high cancer risk and aggressive nature
of LFS-related tumors.

Mosaic variegated aneuploidy syndrome type 1

Mosaic variegated aneuploidy syndrome is a very rare
condition with features of microcephaly, physical anomalies
including neurological anomalies and ambiguous genitalia
in males, growth deficiency, intellectual disability and
increased cancer risk (40). It is caused by improper spindle
formation and chromosome separation during mitosis,
leading to differing germline cellular aneuploidies at
a mosaic state. This recessive condition is caused by
mutations in BUBI, TRIP13, and CEP57, though individuals
with mutations in CEP57 are not thought to have increased
cancer risk, and individuals with mutations in TRIP13 are
thought to be at highest risk for Wilms tumor development
(41). Those with biallelic mutations in BUB1 exhibit risk for
Wilms tumor, leukemia, and RMS (41).

While data is limited, RMS in mosaic variegated
aneuploidy is highly likely to occur in the GU tract,
primarily in the vagina and bladder, and is more likely to be
embryonal and exhibit botryoid features. Three females are
reported to have been diagnosed with a vaginal RMS at the
ages of 13 months (42), 8 months (43), and 5 months (40).
Two males have been reported with a bladder RMS at the
ages of 13 months (42) and 7 months (44) with extension
into the prostate gland. While the mechanism for why
mosaic variegated aneuploidy causes RMS, primarily
appearing within the GU tract, is not currently understood, it
is important for providers caring for these patients to have a
high degree of suspicion for any unusual masses or protrusions
within the pelvic region. While surveillance recommendations
for rare cancer predisposition syndromes like mosaic variegated
aneuploidy are not widely published, when cancer risks are
elevated but specifics are unknown, increased awareness and
low threshold for investigating new potential tumor-related
symptoms is essential (45). Additionally, identifying mosaic
variegated aneuploidy in a patient with a GU RMS may help
patients understand their risks for other clinical features and
consider reproductive options.
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Beckwith-Wiedemann syndrome (BWS)

BWS is an overgrowth condition characterized by
macroglossia, macrosomia, and hemihypertrophy. Affected
individuals can also present with polyhydramnios in utero,
neonatal hypoglycemia, visceromegaly, omphalocele and
ear pits. These features are included amongst the major
and minor criteria which provide an algorithm for a
clinical diagnosis of BWS. Because there is a high risk for
embryonal tumors in childhood, established surveillance
protocols include renal ultrasounds every three months in
addition to hepatic surveillance for hepatoblastoma (46-48).
The most common genitourinary tumor seen in children
with BWS is Wilms tumor, however, RMS accounts for
5% of the tumors found in the BWS population (47).
The location of these tumors is not readily described,
however, a study published in 2009 discussed locations of
9 rhabdomyosarcomas (8 previously published) and found
three were embryonal, five were alveolar, and one was of
unknown type. It is noted that 22% (2/9) of these tumors
were located in the GU system (urinary bladder), two others
were noted to be in the abdomen or pelvis with the specific
organs affected not described (49). The age of onset for
the two bladder tumors was age 2 and age 3 (age of onset
of all of the RMS tumors reported was between 22 days
and 13 years) (49). Other rhabdomyosarcomas have been
reported in those with BWS since the previously mentioned
nine, however, the locations of these tumors were not
well described. There are multiple mechanisms, both
molecular and epigenetic, that can lead to BWS including
paternal uniparental disomy, 11pl5 paternal uniparental
isodisomy, loss of methylation in imprinting center 2, or a
gain of methylation in imprinting center 1. It is reported
that 0.5-0.7% of patients with loss of methylation in
imprinting center 2 have an RMS and that, 3% of patients
with paternal uniparental disomy develop a RMS (46,47).
As in other reports, the location of these tumors was not
described; more data is needed to understand the risk for
GU RMS in those with BWS. Cytogenetic features of the
RMS tumors differ between those associated with BWS
and those that are isolated. The common PAX7 or PAX3
translocations that are often found in isolated RMS tumors
were not found in the RMS tumors of individuals with
BWS (50).

Neurofibromatosis, type 1 (NF1)

NF1 is an autosomal dominant RASopathy characterized by
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café au lait macules, axillary and inguinal freckling, Lisch
nodules, and neurofibromas. Optic and non-optic gliomas
and peripheral nerve sheath tumors are commonly seen
with this diagnosis. Management guidelines for individuals
with NF1 focus on tumor surveillance as well as other
complications (e.g., renal artery stenosis, optic gliomas
impacting visual acuity, or pheochromocytoma leading
to hypertension) (51-53). Executive functioning can also
be impacted in those with NF1 and learning delays are
common (54). Approximately 50% of the time, NF1 is
inherited from an affected parent while the other 50% of
the time it is brand new in an individual, or de novo (53).

While certain tumors are common in NF1, RMS is
rare (55). The risk is reported to be about 0.5%, or 1
in 200, for an individuals with NF1 to develop a RMS.
All of the RMS tumors reported in individuals with
NF1 have been embryonic in origin, and the literature
indicates that a higher proportion of these are urogenital,
particularly seen in the bladder/prostate (55-57).
The study put forth by Crucis er 4/. noted that 11 out of
16 (69%) of the RMS tumors found in the NF1 cohort
were found in the GU regions. One other was found in
the “pelvic region” making it unclear if it affected a GU
organ. Another study found 5/6 (83%) to be GU in origin,
two in the paravesical space, two in the bladder, and one
was paratesticular (58). A summary of other informative
case studies, including the two noted above, found 27/39
(69%) to be in the GU tract or abdomen (55). It is also
documented that about 1% of individuals with RMS will
have NF1 (55,56). Of the defined GU tract RMS tumors in
the two series noted above, 13/16 were diagnosed before age
three and the oldest age of diagnosis was 5.4 years old (55).
It is also noted that RMS in NF1 is less likely to be
metastatic than idiopathic RMS (55). Overall, although the
incidence of any RMS in NF1 is rare, the risk of developing
RMS is thought to be 20 times greater than in the general
population. Approximately 70% of RMS tumors associated
with NF1 are located in the GU tract, compared to only
18% of idiopathic tumors (55,57). It is important to
consider that the diagnosis of NF1 is frequently established
clinically and most of the patients in these case reviews were
noted not to have had genetic testing. It is possible that
these patients may have a condition that is not NF1 but
similar in presentation (55).

Noonan syndrome (NS)

NS is another autosomal dominantly inherited RASopathy
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with variable presentation including developmental delays,
learning problems, webbed neck, congenital heart defects,
hypertrophic cardiomyopathy (HCM), and hematologic cancer
(59). Pulmonary valve stenosis is the most common heart
defect found in those with Noonan syndrome. The presence
or absence of a congenital heart defect does not impact the risk
for hypertrophic cardiomyopathy later in life and surveillance
for this continues throughout the lifespan. There are a large
number of genes that are thought to cause Noonan syndrome,
and some confer differing risks for certain features like HCM,
learning disabilities, and malignancy. There is a large spectrum
of severity amongst those with Noonan syndrome and it is not
uncommon for an individual to be diagnosed as an adult after
the diagnosis of a child (59).

In addition to the risk for blood cancers, there are six
reports of RMS in individuals with Noonan syndrome (60-65).
Of these six RMS tumors, all were embryonal (two were
botryoid subtype and one was spindle cell subtype) and half
were in the urogenital tract (vagina, urachus, bladder). Of
the remaining three tumors, one was found in the orbit, one
was in an unspecified region of the abdomen, and the third
was in the biliary tract (60,65). Age of onset ranged between
1 year and 9 years old with the average age of onset being
about 4 years old for all RMS tumors in NS, whereas the
ages of onset for the three individuals with a GU tumor
were 4, 4, and 5 years old (60,65). Because there are over
10 different genes that cause Noonan syndrome, genotype
phenotype correlations have been explored. Interestingly,
75% (3/4) of the cases of RMS documented in individuals
with Noonan syndrome who were molecularly tested had
a mutation in SOS1 (59,60,65). The fourth patient appears
to have been tested for mutations in only particular exons
in PTPN11 and HRAS and was not tested for mutations in
SOS1 so the genotype of this patient remains unknown. Of
the three patients with GU RMS tumors in this cohort only
two had germline testing and both of these individuals has
NS due to a mutation in SOS1 (60). More data is needed in
order to draw concrete conclusions about the relationship
between urogenital RMS and Noonan syndrome,
particularly mutations in SOSI.

Costello syndrome

Costello syndrome is another rare RASopathy characterized
by a spectrum of variable symptoms including feeding
difficulties, short stature, intellectual disability, coarse
facial features, cardiac complications, and an increased
risk for tumors. This condition is incredibly variable with
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some severe individuals having lethal complications while
others have a much more attenuated phenotype. Costello
syndrome is inherited in an autosomal dominant pattern,
but it is almost always caused by a de novo mutation in
HRAS (66,67).

Lifetime risk for any tumor is 15-17% for individuals
with Costello syndrome; the most common tumors found
are bladder carcinoma, neuroblastoma, and RMS (67,68).
RMS appears to be the tumor seen most frequently in
these individuals, with the incidence of any RMS being
8.7% and the majority of these being of embryonal
type (63,69). Of the 26 patients published with Costello
syndrome and RMS, 20 of them had the location of the
tumor documented and 50% (10/20) were found to be in
the GU region. There were four other cases reported that
were noted to be in the abdomen or pelvis but the specific
location within that region was not defined. Four of these
GU rhabdomyosarcomas were found in the urachus. Age of
onset appears to be younger than non-syndromic RMS with
the mean age of diagnosis in patients with Costello syndrome
being 2 years 8 months old. A potential genotype-phenotype
correlation has been suggested as 58% (7/12) of the children
with Costello, HRAS results available, and a RMS (undefined
locations) had the p.G12S germline variant (69). Further
research is needed to confirm these findings.

Other RASopathies

There is limited information regarding RMS in
RASopathies other those mentioned above. Both
cardiofaciocutaneous syndrome (CFCS) and Noonan
syndrome with multiple lentigines (NSML) have had
reports of individuals with RMS, however, the locations of
the tumors were not defined. CFCS is well defined by its
name as the primary features include cardiac abnormalities,
distinct facial features, and cutaneous malformations. This
diagnosis is often made via molecular testing of the four
genes currently known to be associated with the disease
(KRAS, BRAF, MAP2K1, MAP2K2) (70). There is also
debate as to whether the patient reported with CFCS
and embryonal RMS might have actually had Costello
syndrome as genetic testing was not completed (63). NSML
is a condition that has overlapping features with Noonan
syndrome with the addition of multiple lentigines. A
diagnosis of NSML is often established by either clinical
findings or molecular analysis of the currently known
causative genes (PTPN11, RAF1, BRAF, and MAP2KI) (71).
It is important to note that somatic variants in the RAS
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pathway have been observed frequently in embryonal
RMS tumors. Studies have indicated that 40% of sporadic
RMS cases contain a pathogenic variant in NRAS, BRAF,
KRAS or NFI (55). More data is needed in order to better
understand what having a germline variant in the RAS
pathway means for RMS risk.

Constitutional mismatch repair deficiency (CMMRD)

CMMRD is caused by biallelic pathogenic variants
in the mismatch repair (MMR) genes, or genes
associated with Lynch syndrome, including MLHI,
MLH2, EPCAM, MSH6, and PMS2. CMMRD, like
Li-Fraumeni syndrome, is a very aggressive cancer
predisposition syndrome increasing the risk for Lynch
syndrome type cancers in childhood as well as leukemia,
lymphoma, and sarcoma, among others. Individuals
with CMMRD may also present with NF1-like features,
including café-au-lait macules (72). The C4CMMRD
consortium developed a scoring system for the diagnosis
of CMMRD, and CMMRD should be suspected in any
patient reaching a score of 3 or more, via the system (73).
Parents of patients with CMMRD are assumed to be
obligate carriers and have Lynch syndrome, but depending
on the gene mutated, family history may not be striking
due to reduced penetrance, particularly with PSM2 and
MSH6. As CMMRD is one of the most aggressive cancer
predisposition syndromes, expert based surveillance
guidelines exist and are recommended to commence in
infancy or as soon as the diagnosis is established (72).

Given the rarity of this syndrome, the risk for sarcoma or
RMS is not currently known. Previous reports of sarcoma
include: RMS of unreported location diagnosed at age 4 (73),
RMS of the left nasolabial fold at 3 years of age (74), RMS-like
features in 16-year-old with right pterygoid fossa tumor (74),
and a paravertebral alveolar soft part sarcoma at 8 years of
age (75). Data on the risk and patterns of RMS in the GU tract
for individuals of CMMRD is not currently available, though
current case reports do not indicate a strong predilection for
RMS of the GU tract in this syndrome. If an individual with
RMS does have CMMRD, however, it is especially important
to recognize early so that considerations for treatment and
surveillance can address the elevated risks for developing a
secondary malignancy.

Genetic counseling considerations

While other features may be present in the personal or

© Translational Andrology and Urology. All rights reserved.

2435

family history (see Table 1), for many children RMS may
be the first presenting sign of cancer predisposition.
Referral for genetic counseling is appropriate for any
individual diagnosed with a GU RMS. Identification of
features listed in 7able I in addition to a tumor diagnosis,
may highlight the need for genetic counseling referral
and/or genetic testing. When the clinical features are
non-specific, next generation sequencing panels can
evaluate for several cancer predisposition genes in a
single analysis, however broad-based testing increases
the likelihood of identifying variants of uncertain
significance and may have limited or no ability to detect
certain pathogenic variants or specific conditions, such as
Beckwith-Wiedemann syndrome, for which methylation
abnormalities are the most common etiology (47).
Additionally, since much of the literature on RMS and
genetic syndromes is not subdivided by the pathologic
subtype or location, there are significant ambiguities when
it comes to GU tumors. Genetic counselors are trained to
discuss genetic matters that are not straightforward and can
assist with these communications with both providers and
families. In general, we suggest that a referral for genetic
counseling is warranted for any patient with an anaplastic
RMS at any age, embryonal RMS at 3 years of age or
younger, sarcoma of the ovary, cervix, or uterus, RMS
with somatic molecular features suggestive of germline
predisposition, or RMS with personal or family history of
any of the features in Table 1 (Figure 1) (1,76). For most of
these genetic syndromes, early and proper identification
allows for implementation of medical management and
surveillance strategies that can improve outcomes with early
detection and prevention of manifestations.

Conclusions

Determining the etiology and pathophysiology of GU
rhabdomyosarcoma has clinical importance both for
individuals with RMS and for their family members. A tumor
may be suspected to be related to genetic predisposition
based on site of origin, histologic or radiographic
appearance (e.g., a partially cystic renal tumor might suggest
DICERI pathogenic variation) or clinical characteristics
such as patient age, clinical history, family history, or
findings on physical exam (e.g., macrocephaly) (14).
If a tumor is suspected to be related to a germline genetic
predisposition syndrome, tumor-based testing and genetic
counseling with potential germline testing may lead to
improved clinical care. Tumors generally are most curable
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Table 1 Genetic syndromes associated with genitourinary (GU) rhabdomyosarcoma (RMS)

Syndromes associated with
GU RMS

Typical sarcoma features

Typical/Reported sarcoma
locations

Other possible clinical features of
syndrome

DICER1

Li-Fraumeni syndrome
CMMRD

Mosaic variegated
aneuploidy syndrome type 1

Beckwith-Wiedemann

Neurofibromatosis, type 1

Noonan

Costello

Other RASopathies

Rhabdomyosarcomatous
and cartilaginous histologic
features; anaplasia may be
present

Anaplasia
Hypermutation phenotype

Botryoid features

NO PAX7 or PAX3
translocations

Embryonal

Embryonal (two with botryoid
features and two with spindle
cell features)

Embryonal

Unknown

Ovarian, uterine (especially
uterine cervix) and vaginal;
Outside the GU system,
pulmonary, renal, intracranial

Lower pelvis, paratesticular
GU RMS not reported

Vagina and bladder

Urinary bladder, nonspecific
pelvic region

Urinary bladder, prostate,
some reports of paratesticular
and paravesical tumors

Vagina, urachus, urinary
bladder

Urachus, undefined pelvic
region

Unknown

Lung or renal cysts, macrocephaly,
thyroid nodules/thyroid cancer, nasal or
eye tumors

N/A
Café-au-Lait macules

Growth deficiency, microcephaly,
distinctive facial features, neurologic
anomalies, intellectual disability,
ambiguous genitalia in males

Macroglossia, macrosomia,
hemihypertrophy, Wilms tumor,
neonatal hypoglycemia, omphalocele

Café au lait macules, axillary and
inguinal freckling, Lisch nodules, and
neurofibromas

Congenital heart defects (most common
is pulmonary valve stenosis), webbed
neck, hypertrophic cardiomyopathy,
distinct facial features, short stature,
learning delays

Coarse facial features, intellectual
disability, short stature, cardiac
concerns, feeding difficulties

Noonan like plus: Multiple lentigines;
cardiac defects, cutaneous
abnormalities, distinct facial features

Consider referral for genetic counseling for any patient with:

RMS and personal

RMS with somatic
molecular features
suggestive of germline
predisposition*

Sarcoma of the
ovary, cervix, or
uterus

Embryonal RMS
at age 3 years
or younger

or family history of

any clinical features
suggestive of a

genetic syndrome™*

Anaplastic RMS
at any age

Figure 1 Indications for Genetic Counseling and/or Testing. RMS, rhabdomyosarcoma. *For example, a somatic pathogenic variant

detected in a gene associated with germline predisposition. **See Tuble 1.
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and require less intensive treatment when found in their
earliest forms. Thus, identifying a genetic predisposition
and detecting further tumors that develop early may
improve disease-related prognosis and spare individuals
(and potentially their family members) the toxicities of
chemotherapy and radiation (29,34). Likewise, nephron-
sparing surgical options may be especially important
considerations for individuals with germline predisposition
and risk for bilateral disease or other renal disease. When a
germline pathogenic variant in a cancer predisposition gene
is identified, treatment decisions may be altered, and testing
and surveillance recommendations may be considered for
both the child and family members. Published guidelines
for surveillance of children with hereditary cancer
predisposition are available and may be used to reduce the
risk of future complications (77). Additional research is
needed to clarify the impact of hereditary predisposition on
stage-specific outcomes and define optimal therapy. Since
GU rhabdomyosarcomas associated with specific genetic
syndromes are rare, international collaboration and research
is encouraged.
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