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It has been suggested that up to 10% of all pediatric 
cancers are associated with a germline mutation in a 
cancer predisposition gene (1-3). A number of hereditary 
cancer predisposition syndromes have been described in  
children (4). Some manifest with primary urologic 
complications, such as syndromes associated with Wilms 
tumor. Others present with a number of benign and 
malignant tumors outside of the genitourinary (GU) 
system, but the GU manifestation may be the critical 
finding that leads to the overarching diagnosis. As such, 
knowledge of these syndromes and their associated GU 
findings is an important role for a pediatric urologist. 
The goal of this article is to review GU manifestations 
of cancer predisposition syndromes impacting children. 
While not comprehensive, it provides an introduction to 
the subject and strategies for diagnosis and management. 
The GU manifestations are summarized in Table 1 along 
with associated syndromes. Some readers may choose to 

review Table 1 to focus on syndromes of interest based on 
a presenting symptom. Table 2 provides a list of cancer 
predisposition syndromes with their genetic cause and 
manifestations. 

Predispostion to Wilms tumor

Wilms tumor, or nephroblastoma, represents ~90% of all 
pediatric renal tumors (5) and affects 1:10,000 children 
less than 15 years of age (6). Wilms tumor is an embryonal 
tumor that arises in a kidney cell with pluripotent 
differentiation potential. Most cases are unilateral (95%), 
sporadic, and curable with nephrectomy. Chemotherapy and 
radiation are also utilized in certain situations. In contrast, 
Wilms tumor associated with a cancer predisposition 
syndrome tends to occur at an earlier age and is more 
often associated with bilateral disease. The median age of 
diagnosis of patients with a Wilms tumor is 38 months, 
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Table 1 Genitourinary manifestations associated with cancer 
predisposition syndromes

GU manifestation
Associated cancer predisposition 
syndromes

Angiomyolipoma Tuberous sclerosis complex

Atypical genitalia WT1-associated syndromes 

Bicornate uterus WT1-associated syndromes

Broad ligament cyst Von Hippel-Lindau syndrome

Cryptoorchidism Noonan syndrome

Perlman syndrome

Simpson-Golabi-Behmel syndrome

WT1-associated syndromes

Cystic nephroma DICER1 syndrome

Epididymal cyst Von Hippel-Lindau syndrome

Gonadal dysgenesis WT1-associated syndromes 

Turner syndrome

Simpson-Golabi-Behmel syndrome

Gonadoblastoma WT1-associated syndromes 

Turner syndrome

Simpson-Golabi-Behmel syndrome

Ovarian tumors Cowden syndrome

Carney complex

Peutz-Jeghers syndrome

DICER1 syndrome

Li-Fraumeni syndrome

Rhabdoid tumor predisposition syndrome

Plexiform 
neurofibroma

Neurofibromatosis type 1

Renal cell carcinoma Birt-Hogg-Dubé syndrome

Cowden syndrome

Hereditary leiomyomatosis and renal cell 
cancer

Hereditary papillary renal carcinoma

Li-Fraumeni syndrome

Von Hippel-Lindau

Tuberous sclerosis complex

Renal cysts Tuberous sclerosis complex

Von Hippel-Lindau syndrome

Table 1 (continued)

Table 1 (continued)

GU manifestation 
Associated cancer predisposition 
syndromes

Rhabdoid tumor Rhabdoid tumor predisposition syndrome

Rhabdomyosarcoma Beckwith-Wiedemann syndrome

Costello syndrome 

DICER1 syndrome 

Gorlin’s basal cell nevus syndrome

Li-Fraumeni syndrome

Mosaic variegated aneuploidy syndrome

Neurofibromatosis type 1

Noonan syndrome

Testicular tumors Carney complex

DICER1 syndrome

Li-Fraumeni syndrome

Noonan syndrome

Peutz-Jeghers syndrome

Transitional cell 
carcinoma of the 
bladder

Costello syndrome

Uterine fibroids Hereditary leiomyomatosis and renal cell 
cancer

Wilms tumor Beckwith-Wiedemann syndrome

Mulibrey nanism syndrome

Perlman syndrome

Simpson-Golabi-Behmel syndrome

Trisomy 18

WT1-associated syndromes

while bilateral Wilms tumors (~5%) generally arise in 
patients at a younger age (<24 months), often in association 
with nephroblastomatosis (7). Nephroblastomatosis 
represents persistence of multiple nephrogenic rests 
(metanephric blastema) beyond the embryonic period. It 
can be very challenging to differentiate Wilms tumor from 
a nephrogenic rest based on radiographic appearance, and 
it is often difficult to make a distinction even after biopsy. 
Close observation is warranted as nephroblastomatosis is 
recognized as a precursor lesion to Wilms tumor. Bilateral 
Wilms tumor presents a unique challenge in treatment as it 
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Table 2 Genitourinary manifestations of cancer predisposition syndromes

Syndrome Gene Involved Notable manifestations

Beckwith-Wiedemann Inappropriate imprinting  
on 11p15.5, CDKN1C

Embryonal malignancies including Wilms tumor and rhabdomyosarcoma

Marcosomia/macroglossia

Hemihyperplasia

Hyperglycemia

Omphalocele/umbilical hernia

Visceromegaly

Birt-Hogg-Dubé FLCN Renal cell carcinoma

Renal oncocytosis

Pulmonary cysts

Spontaneous pneumothoraces

Carney Complex PRKAR1A Testicular malignancies

Ovarian lesions/tumors

Primary pigmented nodular adrenocortical disease

Thyroid carcinoma 

Cutaneous pigmentation

Breast adenoma

Schwannomas 

Costello HRAS Rhabdomyosarcoma

Neuroblastoma

Transitional cell carcinoma of the bladder

Papillomas

Cardiac abnormalities

Facial dysmorphisms

Cowden PTEN Renal cell carcinoma

Hamartomas

Thyroid carcinoma

Gastrointestinal polyps

Intellectual disabilities

Denys-Drash  
(WT1-associated 
syndrome)

WT1 Wilms tumor

Atypical genitalia

Nephropathy

Gonadal dysplasia/gonadoblastoma

Table 2 (continued)
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Table 2 (continued)

Syndrome Gene Involved Notable manifestations

DICER1 DICER1 Rhabdomyosarcoma

Pleuropulmonary blastoma

Sertoli-Leydig cell tumor of the ovary

Multinodular goiter

Medulloepithelioma

Cystic nephroma

Frasier  
(WT1-associated 
syndrome)

WT1 Wilms tumor

Atypical genitalia 

Nephropathy 

Gonadal dysplasia/gonadoblastoma

Hereditary leiomyomatosis 
and renal cell cancer 

FH Renal cell carcinoma

Cutaneous leiomyomas

Uterine fibroids

Hereditary papillary  
renal carcinoma

MET Renal cell carcinoma

Li-Fraumeni TP53 Rhabdomyosarcoma

Osteosarcoma

Gonadal malignancies

Adrenocortical carcinoma

Premenopausal breast cancer

Brain malignancies

Leukemia

Neurofibromatosis  
Type 1

NF1 Rhabdomyosarcoma

Neurofibromas 

Malignant peripheral nerve sheath tumors

Optic pathway gliomas

Lisch nodules

Axillary/inguinal freckling

Café au lait spots 

Tibial dysplasia

Table 2 (continued)
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Table 2 (continued)

Syndrome Gene Involved Notable manifestations

Noonan Multiple including  
PTPN11, SOS1, KRAS

Embryonal rhabdomyosarcoma

Leukemia

Myleodysplasia

Cryptorchidism 

Short stature

Facial dysmorphisms

Perlman DIS3L2 Wilms tumor

Nephroblastomatosis

Renal hamartomas 

Facial dysmorphism

Fetal gigantism

Visceromegaly 

Cryptorchidism 

Developmental delay

Peutz-Jeghers STK11/LKB1 Ovarian tumors

Gastrointestinal hamartomous polyps

Mucocutaneous melanin spots

Recurrent intussusception

Gastrointestinal, breast, and lung cancer

Rhabdoid tumor 
predisposition

SMARCB1, SMARCA4 Rhabdoid tumor of brain and kidney

Small cell carcinoma of the ovary of the hypercalcemic type

Simpson- 
Golabi-Behmel

GPC3 Embryonal malignancies including Wilms tumor and gonadoblastoma

Macrosomia

Facial dysmorphisms

Developmental delay

Tuberous sclerosis 
complex

TSC1, TSC2 Angiomyolipoma

Angiofibroma

Cardiac rhabdomyoma

Hypomelanotic macules

Lymphangioleiomyomatosis

Subependymal giant cell astrocytoma

Renal cysts

Ungual fibromas

Renal cell carcinoma

Table 2 (continued)
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Table 2 (continued)

Syndrome Gene Involved Notable manifestations

Turner syndrome Total or partial X  
chromosome monosomy

Gonadal dysgenesis/gonadoblastoma

Short/webbed neck

Widely spaced nipples

Congenial heart disease

Premature ovarian failure

Short stature

Von Hippel-Lindau VHL Renal cell carcinoma

Benign and malignant tumors of the central nervous system

Renal cysts

Pheochromocytoma

Endolymphatic sac tumors

Epididymal and broad ligament cysts

WAGR  
(WT1-associated 
syndrome)

WT1, PAX6 Wilms tumor

Aniridia

Genitourinary abnormalities

Intellectual disabilities

requires preservation of tissue for adequate renal function 
while removing the underlying disease. Complications can 
include end stage renal failure, which occurs in 11% of cases 
of bilateral Wilms tumor, as compared to 0.6% of cases of 
unilateral Wilms tumor (8). 

Broadly speaking, predisposition to Wilms tumor is 
often associated with a germline mutation in the WT1 
gene or arises in the setting of an overgrowth syndrome. A 
number of these syndromes are outlined below. Surveillance 
guidelines are similar for all syndromes and are reviewed at 
the end of this section.

WT1-associated cancer predisposition 
syndromes

The WT1 gene is important for urogenital cellular growth 
and differentiation. The translational product of the WT1 
gene is a zinc finger protein involved in transcription 
regulation that acts as a tumor suppressor through its role 
in metanephric stem cell differentiation and genitourinary 
development (9,10). WT1-associated syndromes are 
inherited in an autosomal dominant fashion, and most cases 
occur de novo (11). 

Several syndromes have been associated with the WT1 
gene and have significant clinical overlap. Classically, a 
number of eponymous syndromes have been described with 
variable penetrance of Wilms tumor, testicular feminization, 
and renal failure. These are described below with the 
understanding that the utility of distinguishing among these 
conditions has diminished as we gain a better understanding 
of how specific mutations in the WT1 gene impact gene 
function and clinical manifestations.

WAGR syndrome

WAGR syndrome is a WT1-associated syndrome caused 
by deletion of the 11p13 region, which includes the WT1 
and PAX6 genes. Clinical manifestations classically include 
Wilms tumor, aniridia, genitourinary abnormalities and 
intellectual disabilities. Aniridia is caused by loss of the 
PAX6 gene, which is a paired box gene required for normal 
eye development. The risk of developing Wilms tumor 
in patients with WAGR syndrome has been reported to 
be anywhere from 30–77% (12-14). Among patients who 
develop Wilms tumor, 90% develop a tumor by 4 years of 
age and 98% develop a tumor by 7 years of age (15). The 
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most common GU abnormality associated with WAGR 
syndrome aside from Wilms tumors is cryptorchidism, 
which presents in 60% of males with WAGR syndrome (13).  
Internal anomalies such as streak ovaries and bicornate 
uterus are present in approximately 17% of females with 
WAGR syndrome (13). Atypical genitalia is present in 
approximately 10% of all patients (13). Notably the risk of 
developing renal failure in these patients is >50% (8).

Denys-Drash syndrome

Denys-Drash syndrome is another WT1-associated 
syndrome. It is caused by missense mutations in exon 8 or 
9 of the WT1 gene, which encode the zinc finger region 
important for DNA binding (16). The clinical presentation 
of Denys-Drash syndrome is characterized by Wilms 
tumor, atypical genitalia and early onset of renal failure 
due to nephropathy (typically mesangial sclerosis). Usually, 
progression to end stage renal failure is seen in early 
childhood. In patients with Denys-Drash syndrome, the 
risk of developing Wilms tumor is estimated to be 90% (12). 
Patients with a 46XY karyotype and gonadal dysgenesis are 
at increased risk of gonadoblastoma in late childhood or 
early adolescence. The risk of developing gonadoblastoma 
is estimated to be >40% in patients with Denys-Drash 
or Frasier syndrome who meet the above criteria (17). 
Detailed surveillance guidelines for patients at high risk of 
gonadoblastoma have been described (18). Some patients 
undergo prophylactic gonadectomy (19). 

Frasier syndrome

Frasier syndrome is another WT1-associated syndrome 
and shares some overlap with Denys-Drash syndrome. The 
primary mutation is at the intron 9 donor splice site in the 
WT1 gene (20). Clinical manifestations can include gonadal 
dysgenesis and steroid resistant nephrotic syndrome; 
additionally, it can also be associated with gonadoblastoma 
and less frequently, Wilms tumor (21). Renal failure 
tends to develop in adolescence due to focal segmental 
glomerulosclerosis. As with Denys-Drash syndrome, a 
gonadectomy may be appropriate (22).  

Overgrowth syndromes associated with Wilms 
tumor

Wilms tumor also arises at an increased rate in the setting 
of a number of overgrowth syndromes. Examples include 

Beckwith-Wiedemann, Perlman and Simpson-Golabi-
Behmel syndrome, which are reviewed below.

Beckwith-Wiedemann syndrome (BWS)

BWS is associated with inappropriate imprinting at 11p15.5. 
This can occur by a variety of mechanisms including 
uniparental disomy of 11p15.5 (~20% of cases), loss (~50%) 
or gain (~5%) of methylation at defined regions of 11p15.5, 
discrete DNA translocations/inversions/duplications (~1%), 
and mutation of the maternal CDKN1C gene (~5%). The cause 
of BWS is unknown in approximately 20% of cases (23). It is 
one of the more common cancer predisposition syndromes, 
with an incidence of at least 1 in 13,700 children (23). Clinical 
manifestations can include hemihypertrophy, macroglossia, 
organomegaly, hyperglycemia, omphalocele/umbilical 
hernia as well as increased risk for embryonal malignancies 
including Wilms tumor, hepatoblastoma, neuroblastoma 
and rhabdomyosarcoma. Malignancies in these patients are 
most commonly seen before 10 years of age. Malignancy is 
diagnosed in approximately 7.5% of patients, but the risk 
returns to that of the general population rate after 8 years 
of age (23). The specific risk of developing Wilms tumor is 
estimated to be 5% (12), however, patients with evidence 
of hemihyperplasia, nephromegaly and/or nephrogenic 
rests are thought to be particularly at risk for developing 
malignancy (24,25). In addition to serial abdominal 
ultrasounds to screen for Wilms tumor, alpha-fetoprotein 
should be obtained every 3 months through age 4 years to 
screen for hepatoblastoma (17). Neuroblastoma screenings 
can be implemented for patients with mutations in the 
CDKN1C gene, which are found in some patients with BWS 
who have an increased risk of developing neuroblastoma 
(17,26).

Perlman syndrome

Perlman syndrome is a rare, autosomal recessive congenital 
overgrowth syndrome, with evidence of linkage to the 
DIS3L2 gene at 2q37.1. This gene is thought to code 
for subunits of an RNA exosome. Key features can 
include nephroblastomatosis, renal hamartomas, facial 
dysmorphisms, cardiac abnormalities, polyhydramnios, 
cryptorchidism, macrosomia, developmental delay and renal 
dysplasia (27). The estimated risk of developing Wilms 
tumor is 30% and is usually diagnosed in patients before  
2 years of age (28). Neonatal mortality rate is high due to 
risk of respiratory and/or renal complications in patients 
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with Perlman syndrome, and thus the true incidence of 
Wilms tumors in these patients is likely masked (28). 

Simpson-Golabi-Behmel syndrome

Simpson-Golabi-Behmel syndrome is another rare 
overgrowth syndrome associated with a variety of anomalies 
due to mutations in the GPC3 gene at Xq26.2. The protein 
product glypican 3 is found on the outer cell membrane and 
is involved in diverse extracellular signaling pathways of cell 
growth, development and survival. The syndrome follows an 
X-linked inheritance pattern (29). Predominant characteristics 
can include pre- and post-natal overgrowth, macrocephaly, 
facial dysmorphisms, predisposition to embryonal 
malignancies including Wilms tumors and gonadoblastoma, 
anomalies in various organ systems and intellectual 
disabilities (29). Males affected by this syndrome have an 
approximate 10% risk of developing Wilms tumor (30).  
Females of the carrier state do not require surveillance as 
they are not at a significantly elevated risk of developing 
Wilms tumor (30).

Other syndromes associated with Wilms tumor

A number of other syndromes have been associated with 
Wilms tumor, which have been reviewed elsewhere (17). 
Examples include Mulibrey nanism, trisomy 18, and others. 
In general, screening is recommended if the incidence of 
Wilms tumor is greater than 1% (17). 

Screening for Wilms tumor

Screening for patients with a predisposition to Wilms 
tumor should be initiated after consultation with a clinical 
geneticist and confirmation with a diagnostic molecular 
test. Generally, surveillance consists of a renal ultrasound 
every 3 months through age 7 years, though it can be 
syndrome-specific. Some authors recommend modulating 
surveillance recommendations when genotype-phenotype 
studies suggest a diminished risk (17). For example, a 
meta-analysis of more than 400 patients with BWS with 
molecular data at 11p15 revealed that Wilms tumor did 
not manifest in children with loss of methylation at the 
imprinting center, which represent approximately 45% 
of patients (31). In the North America, the guidance 
is generally to consider surveillance when the risk of 
developing Wilms tumor is greater than 1% (17).

Predisposition to renal cell carcinoma (RCC)

Von-Hippel-Lindau (VHL) syndrome

The most common syndrome associated with RCC is 
VHL. It is an autosomal dominant condition that affects 
approximately 1:36,000 people. Mutations in the VHL 
gene at 3p25.3 are responsible for VHL syndrome. The 
protein product of the VHL gene is an E3 ubiquitin ligase 
that regulates degradation of hypoxia inducible factor (HIF) 
alpha subunits in the setting of normal oxygen tension. 
In the absence of the VHL protein, HIF levels increase 
as seen in the normal physiologic response to hypoxia. As 
such, there is a commensurate increase in new blood vessel 
formation, in part regulated by the upregulation of vascular 
endothelial growth factor receptors (VEGFRs) (32). 

VHL is characterized by a variety of benign and 
malignant tumors of the central nervous system, kidneys, 
adrenal glands, pancreas, endolymphatic sac tumors, and 
epididymal and broad ligament cysts. The most common 
renal manifestations are RCC and cysts. Approximately 
70% of individuals will develop RCC, and it is the leading 
cause of mortality (33). The average age of RCC in patients 
with VHL is 39 years-old, but it has been reported as young 
as 16 years-old (34). The RCC is almost always of the clear 
cell subtype. Renal cysts and tumors are generally followed 
closely by MRI. Cysts do not generally require intervention, 
and tumors are unlikely to cause problems when they 
are <3 cm. The goal is to delay resection for as long as 
possible in an effort to spare loss of normal tissue since the 
likelihood of additional lesions arising in the future is high. 
Among patients with VHL, approximately 80% will have 
an affected parent and the remainder will have a de novo 
pathogenic variant. 

Surveillance recommendations for patients with VHL 
syndrome have been published by the VHL Alliance and 
other groups. The recommendations of the VHL Alliance 
include annual evaluation of blood pressure and vision 
starting at 1 year of age, plasma metanephrines annually 
and hearing assessment every 2–3 years starting at 5 years 
of age, and abdominal ultrasound annually and MRI 
abdomen, brain and spine every 2 years starting at 16 years 
of age. There are not any established strategies to prevent 
malignant progression in VHL, but there is considerable 
interest in targeting proteins upregulated by HIFs such as 
VEGFR. For example, a recent trial showed some potential 
benefit with pazopanib therapy, a tyrosine kinase inhibitor 
that inhibits VEGFR-2 among other kinases (35). Further 
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studies will be needed to determine the subset of patients 
most likely to benefit from therapy.

Hereditary Leiomyomatosis and renal cell cancer syndrome 
(HLRCC)

HLRCC is an autosomal dominant condition caused by a 
germline mutation in the fumarate hydratase (FH) gene. 
Symptoms include cutaneous leiomyomas, uterine fibroids, 
and RCC. The mean age of RCC in patients with HLRCC 
is approximately 41 years of age, with a reported penetrance 
of approximately 15% (36). The incidence of patients less 
than 20 years old developing RCC is estimated at only 1–2%, 
but rare patients have been described with RCC as young as 
10 years of age (36). No clear surveillance guidelines have 
been established for HLRCC, but the HLRCC Family 
Alliance (www.hlrccinfo.org) recommends an annual MRI 
starting at 8 years of age. With regard to treatment, RCC 
associated with HLRCC tends to be unilateral, solitary, and 
aggressive. As such, prompt surgical resection with wide 
margins is advised in contrast to adherence to the “3 cm 
rule” as described above for VHL (37).

Birt-Hogg-Dubé (BHD) syndrome

BHD syndrome is an autosomal dominant condition 
associated with increased risk of renal neoplasia as well as 
pulmonary cysts and spontaneous pneumothoraces. This 
syndrome is caused by germline mutations in folliculin 
(FLCN gene), mapped to 17p11.2 (38). The exact function 
of folliculin is currently unknown. Patients with BHD are 
at risk of developing bilateral, multifocal renal neoplasms 
(seen in 12–34% of patients), usually in midlife, but have 
been reported in the second decade of life (39). BHD 
tumors are unique in that the most commonly seen tumors 
on pathology are hybrids, including clear cell RCC, 
chromophobe RCC and renal oncocytoma (40). Kidneys 
in these patients are also remarkable for renal oncocytosis, 
which are microscopic clusters of oncocytic cells that are 
thought to be precursors to malignancy (41). Periodic MRI 
or CT imaging of the kidneys has been recommended to 
assess for renal tumors in the second decade of life, however 
no clear guidelines have been established (42).

Hereditary papillary renal carcinoma (HPRC)

HPRC is an autosomal dominant syndrome due to 
mutation in MET on at 7q31.2 (43). It codes for a tyrosine 

kinase receptor for hepatocyte growth factor and acts 
as proto-oncogene. Patients with this syndrome have a 
90% likelihood of developing RCC within an average  
lifespan comparable to the general population (44). In a 
large cohort of patients with HPRC, the median age of 
RCC was 42 years with a range of 19 to 66 years of age (45). 
It is associated with bilateral type 1 papillary RCC that can 
occasionally metastasize (46). Recommended management 
includes surveillance and nephron sparing surgery for 
tumors reaching the 3 cm size threshold (45). Most children 
will not require active surveillance, but it is reasonable to 
consider in families impacted at younger ages.

Cowden syndrome 

Cowden syndrome is a rare autosomal dominant syndrome 
recognized under the umbrella of Phosphatase and 
TENsin homolog (PTEN) hamartoma tumor syndrome. 
It shares some overlap with Bannayan-Riley-Ruvalcaba 
syndrome. PTEN is mapped to 10q23.31 and is an important 
tumor suppressor involved in a number of cellular signal 
transduction pathways. Cowden syndrome was originally 
characterized by cutaneous lesions, hamartomas and 
predisposition to malignancies (47). Shared features of 
PTEN hamartoma tumor syndrome include macrocephaly, 
gastrointestinal polyps, vascular malformations, and 
intellectual disabilities/autism spectrum. Although studies 
of PTEN hamartoma tumor syndrome have been limited 
in pediatric patients, there have been reports of RCC and 
granulosa cell tumor of the ovary in patients <17 years 
old. There are also reports of an association with thyroid 
carcinoma (48). Generally, surveillance recommendations for 
the pediatric population include annual thyroid ultrasound 
and skin examinations, however, new recommendations 
suggest utility in annual abdominal ultrasound and fecal 
occult blood tests, as well as a brain MRI, echocardiogram 
and neurodevelopment screening at time of diagnosis (49).

Other syndromes associated with RCC

In summary, the list of syndromes associated with RCC 
is long and likely to change over time (50). The current 
guideline from the American Urological Association is to 
recommend genetic counseling for all patients ≤46 years 
of age with renal malignancy, which is likely to capture 
the majority of affected patients (51). Children with 
affected family members may benefit from genetic testing/
surveillance in select situations.
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Predisposition to rhabdoid tumor of the kidney

Rhabdoid tumors are rare, aggressive tumors that can 
occur in nearly any tissue, but they are most common 
in the brain and kidney. They arise following loss of the 
chromatin remodeling genes SMARCB1 or (less commonly) 
SMARCA4 at 22q11.23 and 19p13.2, respectively. Given 
their rarity, it is recommended that genetic testing be 
performed on the tumor as well as germline to establish if 
the patient has rhabdoid tumor predisposition syndrome. 
It is estimated that approximately 35% of patients with 
a rhabdoid tumor will have a mutation in one of the two 
described genes (52). Most patients will develop tumors 
before 3 years of age. There are no formalized surveillance 
guidelines, but it has been recommended to perform a brain 
MRI and abdominal ultrasound every 3 months through at 
least 5 years of age (52). 

Of note, patients with SMARCA4-associated rhabdoid 
tumor predisposition syndrome (but not SMARCB1-
associated) are also at risk for small cell carcinoma of 
the ovary of hypercalcemic type (SCCOHT), which is a 
rare, highly malignant ovarian tumor that impacts young  
women (53). SCCOHT morphologically resembles 
malignant rhabdoid tumors, and it has recently been found 
to harbor mutations in SMARCA4 (53). As such, it has 
been suggested that SCCOHT be renamed as malignant 
rhabdoid tumor of the ovary (53).

Predisposition to cancer of the bladder

Children rarely develop bladder cancer, but the most 
common etiology is rhabdomyosarcoma (54). Approximately 
25% of pediatric patients with rhabdomyosarcoma are 
reported to have a primary site of the bladder or prostate (55).  
Syndromes predisposing patients to rhabdomyosarcoma 
include Li-Fraumeni syndrome, Costello syndrome, Noonan 
syndrome, neurofibromatosis type 1, and others.

Li-Fraumeni syndrome (LFS)

LFS is a rare autosomal disorder caused by a germline 
mutation in the tumor suppressor gene TP53 at 17p13.1. 
It increases the risk of developing several neoplasms, 
including rhabdomyosarcoma, osteosarcoma, adrenocortical 
carcinoma,  premenopausal  breast  cancer,  central 
nervous system tumors and leukemias. Patients may also 
develop malignancies in the gonads. The prevalence of 
rhabdomyosarcoma in patients with LFS is estimated to be 

18–27% (56), predominantly in patients less than 5 years 
of age (57). The diversity of cancers associated with LFS 
makes surveillance challenging, but a modified Toronto 
protocol (involving regular physical exams, lab work and 
imaging) has been proposed (58,59). In particular, use of 
whole body MR imaging is likely to be particularly helpful 
for detecting GU malignancies (60). For example, this 
whole body MR was instrumental in the detection of RCC 
in a 17-year-old female with LFS (60).

Costello syndrome

Costello syndrome is a rare, autosomal dominant syndrome 
that is sometimes classified as an overgrowth syndrome. 
Common features include cardiac abnormalities, characteristic 
facial features and intellectual disabilities. The etiology of 
Costello syndrome is secondary to a mutation in HRAS 
at 11p15.5 (61). Patients have an estimated 10% lifetime 
risk of developing embryonal rhabdomyosarcoma (62).  
A variety of other benign and malignant tumors have been 
reported in patients, including transitional cell carcinoma 
of the bladder, neuroblastoma and papillomas (63). One 
proposed screening protocol for patients with Costello 
syndrome recommends urinalysis starting at age 10 years, 
urine catecholamine analysis every 6–12 months until the 
age of 5 years, and abdominal/pelvic ultrasound every  
3–6 months until the age of 8–10 years (64). 

Noonan syndrome (NS)

NS is a heterogenous RASopathy associated with missense 
mutations in the RAS/MAPK pathway. It has an incidence 
ranging from 1:1,000 to 1:2,500 live births. Implicated 
genes in Noonan syndrome include PTPN11, SOS1, KRAS, 
BRAF, NRAS, MEK1, CBL, SHOC2, and RIT1 (65). Clinical 
manifestations of NS include short stature, cardiac defects, 
distinct facial features, cryptorchidism and increased risk 
of leukemia and myelodysplasia. There have been multiple 
case reports of embryonal rhabdomyosarcoma in patients 
with NS as well as testicular cancer (66). 

Neurofibromatosis type I (NF1)

NF1 is another syndrome in which patients are at an 
increased risk of developing rhabdomyosarcoma. NF1 
is an autosomal dominant syndrome due to a mutation 
on the NF1 gene at 17q11.2, which codes for the protein 
neurofibromin. Neurofibromin is a tumor suppressor 
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that functions by decreasing signaling flux through RAS 
family members. The incidence is approximately 1:3,000 
individuals (67). Clinical manifestations include café au lait 
spots, Lisch nodules of the iris, axillary or inguinal freckling, 
neurofibromas, optic pathway gliomas, and tibial dysplasia—
however penetrance varies. Prevalence of embryonal 
rhabdomyosarcoma is elevated in patients with NF1 and 
has been estimated to occur in up to 1% of patients; tumors 
most commonly arise in the urogenital system (68,69). 
However, no routine screening for rhabdomyosarcoma is 
recommended. 

Patients with NF1 are also at risk for transformation 
of benign plexiform neurofibromas into malignant 
peripheral nerve sheath tumors (MPNST), which occurs 
in approximately 10% of cases. There are at least 60 cases 
in the literature of plexiform neurofibromas invading 
the bladder in pediatric and adult patients, in addition to 
several reports of MPNST arising in the bladder (70,71). 
While benign plexiform neurofibromas lack metastatic 
potential, they can be locally invasive and require local 
control via surgery. More recent data support a role for 
medical therapy with selumetinib, a MEK inhibitor that 
has recently been approved by the United Stated Food and 
Drug Administration (72). MPNST, on the other hand, can 
metastasize and is notoriously difficult to treat. MPNST 
is not particularly sensitive to chemotherapy and requires 
surgery or radiation when treated with curative intent.  

Other syndromes associated with rhabdomyosarcoma

Rhabdomyosarcoma has been reported in patients with 
other cancer predisposition syndromes. For example, there 
are reports of bladder rhabdomyosarcoma in patients with 
Beckwith-Wiedemann syndrome (discussed previously) 
(73,74). Other syndromes with a predisposition to 
rhabdomyosarcoma include mosaic variegated aneuploidy 
syndrome, Gorlin’s basal cell nevus syndrome, and others 
(54,75). DICER1 syndrome, which is discussed in the 
next section, has primarily been associated with uterine 
rhabdomyosarcoma in females.

Cancer predisposition syndromes associated 
primarily with nonmalignant GU manifestations

Tuberous sclerosis complex (TSC)

TSC is a neurocutaneous disorder characterized by tumors 
of the brain, skin, heart, lungs, and kidneys as well as 

seizures. Angiomyolipomas are benign renal tumors derived 
from endothelial cells, which are composed of adipose tissue, 
smooth muscle, and blood vessels (76). Angiomyolipomas 
are seen in 55–80% of patients with TSC. TSC is caused 
by mutations in the tumor suppressor genes TSC1 and 
TSC2 at 9q34.13 and 16p13.3, respectively. The protein 
products of TSC1 and TSC2 form a complex that inhibits 
the mechanistic target of rapamycin (mTOR) signaling  
pathway (77). Unregulated activation of mTOR signaling 
results in the manifestations of the disease. From a renal 
perspective, it is recommended to obtain an MRI of the 
abdomen every 1–3 years throughout the patient’s lifetime 
and to assess renal function and blood pressure at least 
annually (77). Angiomyolipomas are generally managed 
conservatively until they reach a size of 3 cm, at which 
point the risk of hemorrhage is increased. Treatment 
with a mTOR inhibitor is then preferred with selective 
embolization and kidney-sparing resection reserved for 
refractory cases (78,79). 

In addition to angiolipomas, approximately 35% of 
patients with TSC will develop simple renal cysts and 
5% will develop polycystic kidney disease (77). Renal 
cysts do not generally cause a sharp deterioration in renal 
function, but they cause issues when multiple in number. 
This is especially true in the 3% of patients with TSC 
that have a contiguous gene deletion impacting TSC2 and 
the autosomal polycystic kidney disease gene, PKD1 (79). 
Lastly, 1–3% of patients with TSC will develop RCC as 
adults (78). It is unclear what role the widespread use of 
mTOR inhibitors will have on this cancer risk.

DICER1 syndrome

DICER1 syndrome is an autosomal dominant cancer 
predisposition syndrome characterized by a variety of 
benign and malignant tumors. The pathognomonic 
neoplasm for DICER1 syndrome is pleuropulmonary 
blastoma (PPB), a rare, primitive tumor of the lung. The 
incidence of DICER1 syndrome in the general population 
has been estimated to be 1:10,600 (80), though it has 
variable expressivity and incomplete penetrance. DICER1, 
mapped to 14q32.13, plays a critical role in microRNA 
processing. Approximately 80–90% of cases of DICER1 
syndrome are inherited, while the remainder arise de novo. 
Unlike most cancer predisposition syndromes, the wild type 
allele rarely undergoes somatic deletion. Rather, the tumor-
specific mutation is more often a missense mutation in the 
RNase IIIb domain (81). From a GU perspective, the most 
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common manifestations include cystic nephroma, ovarian 
and testicular stromal tumors, and gynandroblastoma. 
Cystic nephroma is a rare, benign renal neoplasm. It 
is generally managed with resection alone via partial 
nephrectomy with the goal of preventing progression 
to anaplastic sarcoma of the kidney (82). Sertoli-Leydig 
cell tumor of the ovary is the most common tumor of the 
reproductive tract impacting female patients with DICER1 
syndrome. Localized disease can be treated with surgery 
alone, while advanced stage disease requires platinum-based 
chemotherapy (82). There is also an apparent increased risk 
of embryonal rhabdomyosarcoma (ERMS) in patients with 
DICER1 syndrome. Notably, all 6 cases of ERMS captured 
in a large population of patients with DICER1 syndrome 
occurred along the gynecologic tract, suggesting the need 
for heightened suspicion for DICER1 syndrome in newly 
diagnosed cases (83). 

Screening recommendations for DICER1 syndrome 
include a chest X-ray at birth for all children at risk of a 
DICER1 variant. Genetic testing should be performed 
by 3 months of age. For known carriers, a chest CT is 
recommended by 9 months of age. If negative, then a second 
chest CT is recommended at 2.5 years of age.  In the setting 
of negative chest CT imaging, then routine surveillance is 
recommended with an X-ray every 6 months through 7 years 
of age, then annually thereafter until 12 years of age (82). 
Surveillance for cystic nephroma consists of an abdominal 
ultrasound at the time of first chest CT (goal is prior to  
9 months of age) and every 6 to 12 months until at least  
8 years of age (82). Routine surveillance is also recommended 
with an ultrasound to evaluate for risk of thyroid nodules and 
thyroid cancer, ophthalmologic examination to evaluate for 
risk of ciliary body medulloepithelioma, and physical exam 
to assess for nasal chondromesenchymal hamartomas (82).  
Surveillance for Sertoli-Leydig cell tumor of the ovary is a 
subject of debate, but current guidance is to perform pelvic 
ultrasound in female pediatric patients in conjunction with 
abdominal ultrasound every 6–12 months through 8 years 
of age (82). It is then recommended to continue annual 
pelvic ultrasounds until at least 40 years of age.

Syndromes associated with tumors of the 
reproductive organs

Syndromes associated with gonadoblastoma

Gonadoblastoma is a neoplasm composed of germ cell 
and sex cord derived stromal components. It is frequently 

associated with streak gonads in the setting of gonadal 
dysgenesis. It is considered a premalignant tumor, as there 
is a high likelihood of differentiating into malignancies such 
as dysgerminoma and other germ cell malignancies (84).  
Clinical findings raising concern for gonadoblastoma 
include atypical genitalia, hypospadias, cryptorchidism and/
or amenorrhea. In rare occasions, a mass may be palpable 
if large enough. Gonadoblastoma is typically managed with 
bilateral gonadectomy due to malignant potential (84).

As noted previously, gonadoblastoma has been reported 
in various Wilms tumor predisposition syndromes, 
particularly Denys-Drash and Frasier syndromes (85). 
It has also been described in Turner syndrome, which is 
due to total or partial X chromosome monosomy and has 
an estimated incidence of 1:2,500 (86). Although usually 
sporadic, there have been cases of familial Turner syndrome 
(87,88). Key features of this syndrome include gonadal 
dysgenesis, short/webbed neck, widely spaced nipples, 
congenial heart disease, premature ovarian failure and short 
stature. Mosaicism in Turner syndrome with presence of 
Y chromosome material—estimated to occur in 6–9% of 
patients with Turner syndrome (89)—increases the risk of 
developing gonadoblastoma and dysgerminoma (90). The 
overall risk of developing gonadoblastoma is estimated 
to be 15–33% in patients with these Turner syndrome 
features (91). Gonadoblastoma tends to be diagnosed 
early in life in such patients, so it is recommended that 
patients with 45X/46XY karyotypes undergo prophylactic 
gonadectomy (92). 

Syndromes associated with testicular/ovarian cancer

Peutz-Jeghers syndrome (PJS)
PJS is a rare autosomal dominant syndrome due to mutation 
of the tumor suppressor gene STK11/LKB1 at 19p13.3 that 
codes for a serine/threonine kinase (93). The syndrome is 
characterized by a variety of benign and malignant tumors 
including ovarian sex cord stromal tumors, gastrointestinal 
hamartomous polyps, mucocutaneous melanin spots, 
gastrointestinal, breast, and lung malignancies as well as 
recurrent intussusception. Most ovarian tumors are seen 
in the fourth and fifth decade of life with an estimated 
lifetime risk of 21% (94), however, there are case reports of 
such tumors in pediatric patients (95). The most common 
ovarian tumor seen in PJS is sex cord tumor with annular 
tubules (SCTAT). The estimated risk of developing SCTAT 
is 5% (96). These tumors are usually bilateral and benign; 
presenting symptoms can include heavy menstruation and/
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or precocious puberty (97). Other types of ovarian tumors 
have been reported, such as mucinous ovarian tumors (97). 
Surveillance for ovarian neoplasms in patients with PJS 
includes a transvaginal ultrasound, CA-125 measurements 
and pelvic exams annually starting at 18–20 years of age (98). 
Male patients are at risk for developing large cell calcifying 
Sertoli cell tumor of testes (LCCSCT).

Carney complex (CNC)
CNC is a rare autosomal dominant condition caused by 
a mutation in the PRKAR1A gene at 17q24.2-24.3. The 
PRKAR1A gene codes of a regulatory subunit of protein 
kinase A (99). Clinical manifestations classically include 
cutaneous pigmentation, myxomas (cutaneous, cardiac 
and breast), psammomatous melanotic schwannomas, 
primary pigmented nodular adrenocortical disease 
(PPNAD), acromegaly, breast ductal adenoma, blue 
nevus osteochondromyxoma and endocrine malignancies 
including testicular tumors, ovarian lesions and thyroid 
tumors. Definitive diagnosis requires at least 2 of the above 
clinical manifestations verified by additional testing or an 
affected first degree relative. While peak penetrance tends 
to occur in early adulthood, manifestations can first be 
reported during childhood- and abnormal pigmentation 
may even be seen at birth. The most common endocrine 
manifestation in these patients is PPNAD, which causes an 
ACTH independent Cushing’s disease. This may require 
bilateral adrenalectomy. LCCSCT is diagnosed in over 
50% of male patients with CNC, and may even arise during 
puberty (100). LCCSCT is often an asymptomatic tumor, 
but it can lead to gynecomastia in young patients if the 
tumor is functional, obstruct seminiferous tubules (and 
thus potentially impact fertility) and/or induce precocious 
puberty. Patients with CNC may also develop fertility issues 
related to defective sperm and/or low sperm count (101). 
Ovarian lesions most commonly include cysts and tumors 
of the ovarian surface epithelium; ovarian carcinomas 
are rare. Current surveillance recommendations include 
annual echocardiograms prior to puberty and post puberty 
annual echocardiograms, testicular ultrasound, serum IGF-
1 and urinary free cortisol. At time of diagnosis, female 
patients with CNC are recommended to undergo a pelvic  
ultrasound (102).

Other syndromes associated with testicular cancer
Many patients with testicular cancer report a family history 
of other affected family members, but more studies are 
required to delineate genetic etiologies (103,104).

Pediatric considerations

It is important to consider the unique challenges of 
caring for pediatric patients, especially in the context of a 
cancer predisposition syndrome. Revealing a diagnosis of 
malignancy or significantly heightened risk of malignancy 
is always difficult, but it may require a nuanced approach 
in the pediatric setting. Providers may consider involving 
a child life specialist to share news in an age-appropriate 
manner. Oncological manifestations can be particularly 
distressing to patients and caregivers because of societal 
connotations of the diagnosis and negative experiences with 
older family members. Notably, many children with cancer 
predisposition syndromes may have family members with 
the same condition who had a poor outcome, and particular 
attention should be made to that history. 

Fertility preservation should be considered in all 
pediatric patients and offered whenever possible. Providers 
should discuss risks and benefits of various fertility 
preservation methods and involve reproductive specialists to 
further discuss options before surgery, chemotherapy, and/
or radiation treatment. 

From a practical point of view, if patients require regular 
surveillance for malignancy risk, then it is important to 
consider imaging modalities that limit anesthesia and 
radiation exposure. If patients are being monitored for 
multiple sites of potential malignancies, and a CT or MR 
imaging is essential, then it is prudent to confer with other 
specialists and coordinate care as much as possible. 

Finally, several syndromes discussed may involve 
manifestations of genitalia/reproductive systems, including 
atypical genitalia and categories such as intersex (which fall 
under the controversial medical term of “disorders of sexual 
development”). It is important for providers to disclose 
information in an age-appropriate, inclusive manner that 
acknowledges both the patient’s autonomy regarding their 
body as well as caregivers’ concerns. The younger the patient 
is and less able to articulate their bodily autonomy, the more 
attentive providers should be to these issues. This may be 
the first time a pediatric-patient encounters conversations 
such as gender versus sex, which requires sensitivity and 
respect. Providers should also be attentive to current 
discussions regarding medicalization of certain atypical GU 
manifestations that have more basis in conforming a patient 
to a particular sex assignment as opposed to medical benefit 
for the patient—for example, in the context of atypical 
appearance of genitalia. Providers, patients and caregivers 
alike may benefit from inclusion of other experts such as 
pediatric endocrinologists and child psychologists while 
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navigating these conversations and decisions.

Conclusions

A large number of cancer predisposition syndromes have 
been described with genitourinary manifestations. Pediatric 
urologists are in a unique position to identify patients with 
cancer predisposition syndromes, and implementation of a 
surveillance program has the potential to improve quality 
of life for affected children. Future studies will undoubtedly 
uncover additional syndromes, and more work is needed to 
optimize screening and treatment programs. Knowledge of 
the underlying gene defect provides a potential therapeutic 
target, such as the successful implementation of mTOR 
inhibitors in patients with tuberous sclerosis complex. It 
is hoped that similar therapies will be developed for other 
syndromes in the years ahead.
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