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Summary

Clinical characteristics
Rhabdoid tumor predisposition syndrome (RTPS) is characterized by a markedly increased risk for the 
development of rhabdoid tumors – rare and highly aggressive malignant tumors occurring predominantly in 
infants and children younger than age three years. Malignant rhabdoid tumors can occur in almost any anatomic 
location. They often occur in the central nervous system (i.e., atypical teratoid/rhabdoid tumor]); more than 50% 
occur in the cerebellum. Other common locations include extracranial malignant rhabdoid tumors (e.g., 
rhabdoid tumors of the head and neck, paravertebral muscles, liver, bladder, mediastinum, retroperitoneum, 
pelvis, and heart), rhabdoid tumor of the kidney, and possibly small-cell carcinoma of the ovary, hypercalcemic 
type (SCCOHT). More than 70% of individuals with RTPS present before age 12 months with synchronous 
tumors that exhibit aggressive clinical behavior.

Diagnosis/testing
The diagnosis of RTPS is established in a proband with a rhabdoid tumor and/or a family history of rhabdoid 
tumor and/or multiple SMARCB1- or SMARCA4-deficient tumors (synchronous or metachronous), and a 
heterozygous disease-causing germline variant in SMARCB1 (RTPS1) or SMARCA4 (RTPS2) identified by 
molecular genetic testing.
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Management
Treatment of manifestations: Because of the rarity of RTPS, standards for management are evolving. Most 
individuals are treated using intensive multimodal therapeutic strategies – according to institutional preference – 
combining surgery, radiotherapy, and chemotherapy. The intensive multimodal treatment strategies required for 
clinically aggressive tumors in children with RTPS lead to a high rate of secondary complications. Consider risk-
reducing treatment strategies (e.g., postpone or replace radiotherapy with high-dose chemotherapy or proton 
beam therapy; use targeted therapy concomitantly with, or before, standard chemotherapy).

Prevention of primary manifestations: Prophylactic risk-reducing bilateral salpingo-oophorectomy may be 
discussed following the end of family planning in women with SMARCA4-related RTPS because of the high risk 
of developing SCCOHT. The medical and ethical ramifications involved require an interdisciplinary approach 
including counseling and further research.

Surveillance: For all individuals with a disease-causing germline variant in SMARCB1 or SMARCA4 (regardless 
of age), whole-body MRI should be offered at diagnosis:

• Birth to age six months. Monthly (or at least every 2-3 months) thorough clinical examination including 
neurologic examination, ultrasound of the abdomen and neck, and head ultrasound or brain and spine 
MRI or whole-body MRI

• Age seven to 18 months. Every two to three months, thorough clinical examination including neurologic 
examination and ultrasound of the abdomen and neck. Consider brain and spine MRI as whole-body MRI 
resolution may not be sufficient for brain structures.

• Age 19 months to five years. Every three months, thorough clinical examination including neurologic 
examination, ultrasound of the abdomen and neck, and brain and spine MRI.

• After age five years. Every six months, thorough clinical examination including neurologic examination 
and annual whole-body MRI. Individuals with SMARCA4-related SCCOHT should have an abdominal 
and pelvic ultrasound every six months.

Evaluation of relatives at risk: It is appropriate to evaluate apparently asymptomatic older and younger at-risk 
relatives of an affected individual to identify as early as possible those who would benefit from prompt initiation 
of tumor surveillance.

Genetic counseling
RTPS is inherited in an autosomal dominant fashion. The vast majority of individuals with SMARCB1-related 
RTPS have a de novo disease-causing SMARCB1 germline variant. Most reported individuals diagnosed with 
SMARCA4-related RTPS inherited a disease-causing variant from a parent without a history of a rhabdoid 
tumor or SCCOHT. Each child of an individual with a germline SMARCB1- or SMARCA4 disease-causing 
variant has a 50% chance of inheriting this variant. The penetrance of SMARCB1-related RTPS may be extremely 
high in individuals who inherit a SMARCB1 disease-causing variant. The penetrance of SMARCA4-related RTPS 
appears to be incomplete. The types of RTPS-related tumors vary among family members with the same disease-
causing variant. Once the SMARCB1 or SMARCA4 disease-causing variant has been identified in an affected 
family member, prenatal testing for a pregnancy at increased risk and preimplantation genetic testing are 
possible.

Diagnosis

Suggestive Findings
Rhabdoid tumor predisposition syndrome (RTPS) should be suspected in an individual with any of the 
following clinical or laboratory features.
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Clinical features. Any rhabdoid tumor with the following features is particularly suspicious:

• Congenital presentation (i.e., prenatal diagnosis or symptoms within the first 28 days of life)
• Early-onset rhabdoid tumor (age <12 months)
• Advanced stage of rhabdoid tumor at diagnosis (e.g., >M1 by Chang classification; Stage ≥II in 

extracranial malignant rhabdoid tumor [Harisiadis & Chang 1977])
• Synchronous rhabdoid tumors (>1 primary rhabdoid tumor)
• Family history of rhabdoid tumor, small-cell carcinoma of the ovary, hypercalcemic type, or other 

malignant entities such as cribriform neuroepithelial tumor, malignant peripheral nerve sheath tumor, 
myeloid sarcoma, epithelioid schwannoma, meningioma, benign myoepithelioma, chondrosarcoma, 
and/or ganglioglioma

• Family history of RTPS

Germline molecular genetic testing for RTPS is recommended in any individual with:

• A rhabdoid tumor (at any age), familial rhabdoid tumors, multifocal tumors, or congenital onset tumors;
• A SMARCB1-deficient tumor with a family history of rhabdoid tumor OR family history of nonspecified 

cancer in early childhood (age <5 years);
• A SMARCA4-deficient tumor with a family history of rhabdoid tumor OR family history of nonspecified 

cancer in early childhood (age <5 years).

Note: (1) It remains to be determined whether adult-onset rhabdoid tumors are caused by disease-causing 
germline variants in SMARCB1 or SMARCA4. (2) As morphologic rhabdoid features may not be present in all 
rhabdoid tumor biopsies because of inter- and intratumoral heterogeneity, any small blue round cell tumors in 
infants and young children should be evaluated for absence of nuclear SMARCB1 or SMARCA4 staining.

Laboratory features of tumor tissue

• Immunohistochemistry. Absence of SMARCB1 (INI-1) or SMARCA4 (BRG-1) staining indicating lack 
of functional protein in tumor tissue

• Molecular genetic testing. Somatic SMARCB1 or SMARCA4 disease-causing variants identified in a 
rhabdoid tumor. Note: Fresh-frozen tumor is preferable; formalin-fixed, paraffin-embedded samples may 
also be suitable.

Establishing the Diagnosis
There is currently no consensus regarding formal diagnostic criteria for RTPS.

The diagnosis of RTPS is established in any proband with both of the following:

• A rhabdoid tumor and/or a family history of rhabdoid tumor and/or multiple SMARCB1- or SMARCA4-
deficient tumors (synchronous or metachronous) AND

• Identification of a disease-causing germline variant in SMARCB1 or SMARCA4 using molecular genetic 
testing (see Table 1).

Molecular genetic testing approaches can include serial single-gene testing and use of a multigene panel.

• Serial single-gene testing may be considered in individuals with absence of SMARCB1 or SMARCA4 
identified on tumor immunohistochemistry:
⚬ Absence of SMARCB1. Sequence analysis and gene-targeted deletion/duplication analysis of 

SMARCB1 may be performed first.
⚬ Absence of SMARCA4. Sequence analysis and gene-targeted deletion/duplication analysis of 

SMARCA4 may be performed first.
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• A multigene panel that includes SMARCB1, SMARCA4, and other genes of interest (see Differential 
Diagnosis) may be considered. Note: (1) The genes included in the panel and the diagnostic sensitivity of 
the testing used for each gene vary by laboratory and are likely to change over time. (2) Some multigene 
panels may include genes not associated with the condition discussed in this GeneReview; thus, clinicians 
need to determine which multigene panel provides the best opportunity to identify the genetic cause of 
the condition while limiting identification of disease-causing variants in genes that do not explain the 
underlying phenotype. (3) In some laboratories, panel options may include a custom laboratory-designed 
panel and/or custom phenotype-focused exome analysis that includes genes specified by the clinician. (4) 
Methods used in a panel may include sequence analysis, deletion/duplication analysis, and/or other non-
sequencing-based tests. (5) Multigene panel testing should include deletion/duplication analysis designed 
to detect smaller single-exon deletions and duplications and larger multiexon and whole gene deletions 
and duplications.
For an introduction to multigene panels click here. More detailed information for clinicians ordering 
genetic tests can be found here.

Table 1. Molecular Genetic Testing Used in Rhabdoid Tumor Predisposition Syndrome

Gene 1
Proportion of RTPS Attributed to 
Disease-Causing Variants in 
Gene

Proportion of Probands with a Disease-Causing Variant 2 

Detectable by Method

Sequence analysis 3 Gene-targeted deletion/
duplication analysis 4

SMARCB1 ~85%-95% 5 ~49% 6, 7 ~51% 6, 7

SMARCA4 ~5%-15% 8 4/9 persons 6, 9 5/9 persons 6, 9

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
5. In persons with RTPS confirmed by germline molecular testing, a germline SMARCB1 pathogenic variant was identified in 84/90 
persons [EU-RHAB ‒ Author, personal communication], 29/35 persons [Author, personal communication], and 184/192 persons 
[Holsten et al 2018].
6. EU-RHAB ‒ Author, personal communication
7. Bourdeaut et al [2011], Biegel et al [2014]
8. In persons with RTPS confirmed by germline molecular testing, a germline SMARCA4 pathogenic variant was identified in 6/90 
persons [EU-RHAB ‒ Author, personal communication], 6/35 persons [Authors, personal communication], and 8/192 persons 
[Holsten et al 2018].
9. Hasselblatt et al [2014], Andrianteranagna et al [2021], Holdhof et al [2021]

Clinical Characteristics

Clinical Description
Rhabdoid tumor predisposition syndrome (RTPS) is characterized by a markedly increased risk of developing 
rhabdoid tumors.

Rhabdoid tumors are rare and highly aggressive malignant tumors occurring predominantly in infants and 
children younger than age three years. The term rhabdoid is derived from the histologic resemblance of tumor 
cells to rhabdomyoblasts. Rhabdoid tumors are characterized by heaps of cells with an eccentric nucleus and 
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prominent nucleoli, abundant cytoplasm with eosinophilic inclusion bodies, and distinct cellular membranes. 
Immunohistochemically, rhabdoid tumor cells are characterized by increased expression of vimentin (a 
nonspecific marker), epithelial membrane antigen, cytokeratins, and loss of SMARCB1 protein (a strong 
indicator for rhabdoid tumor) or, more rarely, of SMARCA4.

As morphologic rhabdoid features may not be present in all rhabdoid tumor biopsies because of inter- and 
intratumoral heterogeneity, any small blue round cell tumor in infants and young children should be evaluated 
for absence of nuclear SMARCB1 staining [Agaimy 2019].

Primary rhabdoid tumor locations include the following:

• Central nervous system: atypical teratoid/rhabdoid tumor (AT/RT); >50% are cerebellar.
• Head and neck, paravertebral muscles, liver, bladder, mediastinum, retroperitoneum, pelvis, and heart: 

extracranial malignant rhabdoid tumor (eMRT)
• Kidney: rhabdoid tumor of the kidney (RTK)
• Ovary: small-cell carcinoma of the ovary, hypercalcemic type (SCCOHT)

Rhabdoid tumors have been reported in nearly all anatomic locations [Brennan et al 2013, Frühwald et al 2020, 
Nemes et al 2021].

More than 70% of individuals with RTPS present before age 12 months with synchronous tumors that exhibit 
aggressive clinical behavior, often in one of the following clinical settings:

• Pre- or perinatally detected synchronous rhabdoid tumors [Negahban et al 2010, Fossey et al 2017, Nemes 
et al 2018, Schenone et al 2021]

• Infantile-onset or congenital rhabdoid tumor, presenting at a median age of five and a half months (range: 
prenatal to 60 months) compared to individuals with sporadic rhabdoid tumors (median age: 11.5 to 29.5 
months; range: 1 day to 228 months) [Nemes et al 2018; Frühwald et al 2020; Nemes et al 2021; EU-RHAB 
‒ Author, personal communication].
Note: A bias toward increased molecular testing in younger individuals may confound the data.

• Synchronous (multiple primary) rhabdoid tumors. Ninety-one percent (10/11) of individuals with 
synchronous tumors demonstrated disease-causing germline variants [Nemes et al 2018]. Individuals with 
RTPS have a higher incidence of multiple rhabdoid tumors. Twenty-two of 90 individuals (24.5%) with 
RTPS in the EU-RHAB registry presented with synchronous tumors at diagnosis [EU-RHAB ‒ Author, 
personal communication].

• Family history of a rhabdoid tumor, epithelioid schwannoma, malignant peripheral nerve sheath tumor, 
myeloid sarcoma [Metts et al 2017], neuroblastoma [Coorens et al 2020], meningioma, benign 
myoepithelioma, chondrosarcoma, ganglioglioma, or cribriform neuroepithelial tumor [Bruggers et al 
2011, Forest et al 2012, van den Munckhof et al 2012, Bosse et al 2014, Smith et al 2014, Evans et al 2018, 
Kehrer-Sawatzki et al 2018]. Rarely, AT/RTs occur in adult heterozygotes; for example, a sellar AT/RT-like 
tumor was described in a woman age 51 years whose daughter and brother had both died of malignant 
rhabdoid tumor [Voisin et al 2019].

• Family history of SCCOHT for SMARCA4-related RTPS (germline SMARCB1 disease-causing variants 
have not been reported in individuals with SCCOHT) [Schneppenheim et al 2010, Witkowski et al 2013, 
Witkowski et al 2016]
Note: No individual with SCCOHT published to date developed a malignant rhabdoid tumor (MRT) 
during infancy. Apart from SCCOHT, truncating germline disease-causing variants of SMARCA4 have 
also been associated with undifferentiated uterine sarcomas and a single case of BRG1/SMARCA4-
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deficient lung carcinoma [Moes-Sosnowska et al 2015, Lavrut et al 2016, Witkowski et al 2017, Lin et al 
2019, Connor et al 2020].

• Clinically aggressive rhabdoid tumors. Tumor progression at the time of follow up was identified in 84.5% 
(76/90) of individuals with RTPS [EU-RHAB ‒ Author, personal communication]. Progression occurred 
while on chemotherapy in 48% (35/73) of individuals with RTPS [Sredni & Tomita 2015; EU-RHAB ‒ 
Author, personal communication].

• Rhabdoid tumor and syndromic features suggestive of 22q11.2 distal deletion syndrome (OMIM 611867)

Prognosis. Individuals with RTPS potentially have a worse prognosis than those with a sporadic rhabdoid 
tumor, although long-term survival has been reported in some individuals [Kordes et al 2014, Seeringer et al 
2014b, Nemes et al 2018, Frühwald et al 2020].

Pathogenesis. Various studies have revealed three molecular subgroups in AT/RT characterized by distinct 
transcriptional histopathologic and clinical characteristics: ATRT-TYR, ATRT-SHH, and ATRT-MYC, in 
accordance with overexpressed pathways or genes [Birks et al 2011, Birks et al 2013, Torchia et al 2015, Johann et 
al 2016, Torchia et al 2016, Ho et al 2020].

While these molecular groups are widely accepted in AT/RT, the molecular subgroups of eMRT are still evolving. 
Chun et al [2016] demonstrated two distinct molecular subgroups in eMRT (subgroup 1 and subgroup 2). 
Within subgroup 1, significantly overexpressed genes were linked to BMP signaling and differentiation. In 
subgroup 2, the most significantly overexpressed genes were linked to cell adhesion and migration, WNT 
signaling, and differentiation.

In a more recent integrative analysis of genomic, transcriptomic, and epigenomic profiles of 301 malignant 
rhabdoid tumors, five DNA methylation groups were identified based on anatomic site, SMARCB1 variants, gene 
expression pathways, DNA methylation-based pathway enrichment, and immune cell infiltration [Chun et al 
2019]. Group 2 and group 5 of this integrative subgrouping correspond to the subgroups AT/RT-TYR and 
AT/RT-SHH as previously described in Johann et al [2016] and Ho et al [2020].

• Group 1 – AT/RT-MYC-like (ATRT-MYC and a subgroup of eMRT)
• Group 2 – AT/RT-TYR
• Group 3 – RTK-like
• Group 4 – Extrarenal MRT-like
• Group 5 – AT/RT-SHH

Notably, subgroup 2 (identified by differential gene expression analyses) largely corresponded to group 3 (RTK-
like), while there was no clear equivalent for subgroup 1.

Groups 1, 3, and 4 (AT/RT-MYC-like, RTK-like, and extrarenal MRT-like) overexpressed HOX and other 
homeobox-containing genes involved in mesodermal development.

Groups 2 and 5 (AT/RT-TYR and AT/RT-SHH) largely corresponded to the respective AT/RT subgroups and 
were characterized by an expression of melanosomal features (AT/RT-TYR) and a proneural gene expression 
profile (AT/RT-SHH).

These results suggest that eMRTs share molecular features with AT/RT-MYC. Another feature distinguishing 
AT/RT-TYR and AT/RT-SHH from most other pediatric brain tumors is genome-wide hypermethylation – a 
characteristic that is not present in eMRT subgroups 1 and 2 and AT/RT-MYC.

Information on the specific molecular characteristics of SMARCA4-deficient eMRT has been sparse until very 
recently. A recent study shed light on the specific transcriptomic and DNA methylation characteristics of these 
entities [Andrianteranagna et al 2021]. While SMARCB1-deficient eMRT clustered together with AT/RT-MYC, 
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the SMARCA4-deficient counterparts tended to form a separate cluster. Along a similar line, the transcriptomic 
characteristics of SMARCA4-deficient eMRT differed from SMARCB1-deficient eMRT. The molecular 
characteristics of the different eMRT subgroups are depicted in Figure 1.

Note: Current data suggest the value of subgroup determination for diagnostic and therapeutic decision making. 
A study by Brocks et al [2017] described an induction of cryptic transcription start sites (and thus putative 
neoantigens) following exposure to DNA demethylating agents. Whether this characteristic may also be found in 
a priori hypomethylated tumors remains to be studied.

Phenotype Correlations by Gene
SMARCA4. SCCOHT has been reported in individuals with SMARCA4-related RTPS and has not been reported 
in individuals with germline RTPS-associated SMARCB1 disease-causing variants.

Genotype-Phenotype Correlations
No genotype-phenotype correlations have been identified.

Penetrance
SMARCB1. Penetrance of SMARCB1-related RTPS may be extremely high (>90% by age 5 years) [Holsten et al 
2018, Nemes et al 2018]. However, these data may be based on selection bias, and larger series of systematically 
screened trios (parents and affected offspring) are needed to accurately define penetrance. Rarely a SMARCB1 
disease-causing variant is inherited from an unaffected parent or a parent with late-onset or undiagnosed RTPS 
[Ammerlaan et al 2008]. Germline mosaicism may account for up to half of the families with sibs affected by 
RTPS.

SMARCA4. Even less is known about the penetrance of SMARCA4-related RTPS. Penetrance is incomplete, as 
most individuals with SMARCA4-related RTPS have inherited the disease-causing variant from an unaffected, 
healthy parent [Schneppenheim et al 2010; Hasselblatt et al 2014; Andrianteranagna et al 2021; Holdhof et al 
2021; EU-RHAB ‒ Author, personal communication].

Nomenclature
RTPS may also be referred to as familial posterior fossa brain tumor syndrome.

RTPS1 refers to the predisposition associated with germline SMARCB1 disease-causing variants.

RTPS2, as initially described by Schneppenheim et al [2010], refers to the predisposition associated with 
disease-causing germline SMARCA4 variants, and could also be used to refer to SMARCA4-related cancers 
including SCCOHT.

Prevalence
Among newly diagnosed individuals with rhabdoid tumors, 25%-35% will have a disease-causing germline 
variant in SMARCB1 [Bourdeaut et al 2011, Eaton et al 2011, Hasselblatt et al 2014, Frühwald et al 2020, Nemes 
et al 2021].

The incidence of rhabdoid tumors may be estimated according to the following data:

• The age-standardized annual incidence rate is between 5 (eMRT) and 8.1 per million (AT/RT) in children 
younger than age one year and decreases to between 0.6 and 2.2 per million at ages one to four years 
[Brennan et al 2013, Dho et al 2015, German Childhood Cancer Registry 2019, Frühwald et al 2020, 
Nemes et al 2021].
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• In the United States, annual incidence among children younger than age 15 years is 0.89 per million for 
AT/RT, 0.32 per million for eMRT, and 0.2 per million for RTK [Heck et al 2013, Nakata et al 2020].

Genetically Related (Allelic) Disorders
Other phenotypes caused by germline disease-causing variants in SMARCB1 and SMARCA4 are summarized in 
Table 2. Of note, rhabdoid tumors have not been observed in any of these phenotypes.

Table 2. Allelic Disorders

Gene Phenotype

SMARCB1

Schwannomatosis is characterized by a predisposition to develop multiple schwannomas &, less frequently, meningiomas 
[Gossai et al 2015, Kehrer-Sawatzki et al 2018].

Coffin-Siris syndrome

Coffin-Siris syndrome / Nicolaides-Baraitser syndrome intermediate phenotype

SMARCA4 Coffin-Siris syndrome [Errichiello et al 2017, Li et al 2020]

Sporadic tumors occurring as single tumors in the absence of other findings of rhabdoid tumor predisposition 
syndrome (RTPS) may harbor a somatic disease-causing variant of SMARCB1 or SMARCA4 that is not present 
in the germline. In these circumstances predisposition to these tumors is not heritable. For more information, 
see Cancer and Benign Tumors.

Figure 1. Overview of molecular features of the malignant rhabdoid tumor subgroups
Reprinted from Nemes et al [2022]
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Differential Diagnosis
Demonstration of loss of the SMARCB1 or SMARCA4 protein (in tumor tissue) as a result of inactivation or loss 
of one allele of SMARCB1 or SMARCA4 (tumor tissue and constitutional samples) may suggest the diagnosis of 
rhabdoid tumor predisposition syndrome (RTPS). For example, an individual with a constitutional deletion of 
SMARCB1 and an epithelioid sarcoma was reported by Le Loarer et al [2014]. In such cases the absence of a 
clinical and family history of rhabdoid tumor(s) distinguishes these individuals from those with RTPS.

Table 3. Hereditary Disorders in the Differential Diagnosis of Rhabdoid Tumor Predisposition Syndrome

Gene(s) Disorder MOI Key Features Additional Features / 
Comment

TP53 Li-Fraumeni syndrome AD
Cancer predisposition syndrome assoc w/
high risk for diverse spectrum of 
childhood- & adult-onset malignancies

SMARCB1- or SMARCA4-
deficient malignant brain 
tumors w/complex copy 
number alterations & germline 
TP53 variants 1

ANKRD11 (or 
16q24.3 deletion incl 
ANKRD11)

KBG syndrome AD
Macrodontia (esp of upper central 
incisors), characteristic facial features, 
short stature, DD/ID, & behavioral issues

Paratesticular rhabdoid 
tumor 2

BAP1 BAP1 tumor 
predisposition syndrome AD

↑ risk for a number of cancers & a specific 
skin lesion, BAP1-inactivated melanocytic 
tumor

Meningioma, particularly a 
high-grade rhabdoid subtype, 
may be assoc w/BAP1-TPDS. 3

DICER1 DICER1 tumor 
predisposition AD

↑ risk for PPB, pulmonary cysts, thyroid 
gland neoplasia, ovarian tumors incl sex 
cord-stromal tumors (e.g., embryonal 
rhabdomyosarcoma), & cystic nephroma

ERMS of the cervix most 
commonly occurs in pubertal 
& postpubertal adolescent girls 
& young women.

AD = autosomal dominant; BAP1-TPDS = BAP1 tumor predisposition syndrome; DD/ID = developmental delay / intellectual 
disability; ERMS = embryonal rhabdomyosarcoma; MOI = mode of inheritance; PPB = pleuropulmonary blastoma
1. Hasselblatt et al [2022]
2. Behnert et al [2018]
3. Prasad et al [2021]

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs of an individual diagnosed with rhabdoid tumor predisposition 
syndrome (RTPS), the following are recommended:

• For all individuals (regardless of age), a whole-body MRI should be offered at diagnosis.
• Individuals who have not yet developed a rhabdoid tumor should be referred to a pediatric oncologist or 

tumor surveillance program.
• In those with a tumor, prior to planning therapy consider consulting a radiologist to assist in the selection 

and review of subsequent imaging, to evaluate the size and location of the primary tumor, and to evaluate 
for the presence of synchronous tumors and/or metastases (whole-body MRI).

• For individuals with atypical teratoid/rhabdoid tumor (AT/RT), examine cerebrospinal fluid and 
determine classification according to Chang staging [Harisiadis & Chang 1977].

• Refer to genetic counseling to inform affected individuals and their families about the nature, mode of 
inheritance, and implications of RTPS to facilitate medical and personal decision making.
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Treatment of Manifestations
Because of the rarity of RTPS, standards for management are evolving. Most individuals are treated using 
intensive multimodal therapeutic strategies combining surgery, radiotherapy, and chemotherapy according to 
institutional preference:

• The Children's Oncology Group has employed a combination of surgery, two cycles of induction 
chemotherapy (cisplatin, cyclophosphamide, etoposide, vincristine, methotrexate), three cycles of high-
dose chemotherapy (HDCT) with stem cell rescue (thiotepa, carboplatin) as consolidation therapy, and 
radiotherapy according to age and stage [Reddy et al 2020].

• The Dana-Farber Consortium has tested combination therapy with surgery, radiotherapy, and 
chemotherapy (vincristine, dactinomycin, cyclophosphamide, cisplatin, doxorubicin, temozolomide and 
intrathecal methotrexate, cytarabine, and hydrocortisone) [Chi et al 2009].

• The EU-RHAB registry recommends using combination therapy for rhabdoid tumors of any location (e.g., 
AT/RT, rhabdoid tumor of the kidney, extracranial malignant rhabdoid tumor), including gross total 
resection, conventional chemotherapy (vincristine, dactinomycin, cyclophosphamide, doxorubicin, 
ifosfamide, carboplatin, etoposide), intrathecal methotrexate, and permissive use of HDCT with stem cell 
rescue (carboplatin, thiotepa) and radiotherapy (in individuals age >18 months). The feasibility of 
intensive multimodal regimens even in the youngest individuals including those affected by RTPS has 
been demonstrated [Seeringer et al 2014a, Bartelheim et al 2016, Furtwängler et al 2018, Benesch et al 
2020, Frühwald et al 2020, Nemes et al 2021].

• The Canadian Brain Tumour Consortium retrospectively evaluated children diagnosed with rhabdoid 
tumors between 1995 and 2007. Among 40 individuals, 22 received conventional chemotherapy and 18 
received HDCT regimens; 15 received adjuvant radiation. Notably, six of 12 long-term survivors never 
received any radiotherapy [Lafay-Cousin et al 2012].

• Zaky et al [2014] evaluated the Head Start III experience for newly diagnosed individuals with AT/RT. 
Between 2003 and 2009, 19 individuals were treated with a combination of surgery and five courses of 
induction chemotherapy followed by consolidation with myeloablative chemotherapy and autologous 
hematopoietic progenitor cell rescue and radiotherapy according to age and stage. In five individuals, 
toxicity-related deaths occurred; ten individuals died as a result of disease progression. The three-year 
overall survival (OS) and event-free survival rates were 26±10% and 21±9%, respectively.

• Schrey et al [2016] summarized HDCT data by an individual pooled data analysis of 12 manuscripts and 
389 publications including prospective and retrospective studies focused on the treatment of children 
diagnosed with AT/RT. Data of 332 individuals demonstrated an improved outcome in those treated with 
HDCT with stem cell rescue and radiotherapy.

• Fischer-Valuck et al [2017] evaluated data of 361 children diagnosed with AT/RT between 2004 and 2012. 
The five-year OS rate was 29.9%. For individuals with localized disease treated with multimodal therapy 
(surgery, chemotherapy, and radiotherapy), it was significantly higher, with a five-year OS rate of 46.8%. 
Individuals younger than age three years at diagnosis showed a significantly worse OS rate (5-year OS = 
27.7%) compared to older individuals (5-year OS = 37.5%) and were also significantly less likely to receive 
multimodal therapy (specifically, the radiotherapy component). The authors suggest early radiotherapy as 
an important factor for long-term cure.

Note: RTPS most commonly affects infants; therapy presents a complex challenge because of the vulnerability of 
infants. The use of aggressive multimodal treatment on the developing nervous system and other organ systems 
in a young individual may profoundly affect neurodevelopmental outcome and lead to significant short- and 
long-term side effects. Intensive induction chemotherapy may often achieve a good response, and individuals 
may proceed with radiotherapy or (tandem) HDCT followed by autologous stem cell support.
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The intensive multimodal treatment strategies required for clinically aggressive tumors in children with RTPS 
lead to a higher rate of secondary complications. Therapies and interventions that may prevent secondary 
complications include consideration of risk-reducing treatment strategies (e.g., postponing or replacing 
radiotherapy with HDCT or proton beam therapy; targeted therapy used concomitantly with – or before – 
standard chemotherapy). It remains to be determined whether a subgroup of children may be cured by surgery 
and chemotherapy alone, thus avoiding the potential severe side effects of radiotherapy to the developing brain.

Prevention of Primary Manifestations
Prophylactic risk-reducing bilateral salpingo-oophorectomy may be discussed following the end of family 
planning in women with SMARCA4-related RTPS because of the high risk of developing small-cell carcinoma of 
the ovary, hypercalcemic type (SCCOHT). The medical and ethical ramifications involved necessitate an 
interdisciplinary approach including counseling and further research [Berchuck et al 2015, Pejovic et al 2019].

Surveillance
Surveillance guidelines for individuals with RTPS have been provided by Teplick et al [2011], Foulkes et al 
[2017], and Frühwald et al [2021].

Birth to age six months. Monthly (or at least every 2-3 months) thorough clinical examination including 
neurologic examination, ultrasound of the abdomen and neck, and head ultrasound or brain and spine MRI or 
whole-body MRI (imaging modality is based on resources and need for anesthesia). Clinically suspicious regions 
should initially be evaluated by ultrasound. Note: This intensive surveillance may only be possible in a research 
setting; recommendations are based on the high risk of tumors within this age group.

Age seven months to 18 months. Every two to three months, thorough clinical examination including 
neurologic examination and ultrasound of the abdomen and neck; consider brain and spine MRI. Clinically 
suspicious regions should initially be evaluated by ultrasound. Note: Whole-body MRI resolution may not be 
sufficient for brain structures; MRI of the central nervous system will then need to be done separately.

Age 19 months to five years. Every three months, thorough clinical examination including neurologic 
examination, ultrasound of the abdomen and neck, and brain and spine MRI. Clinically suspicious regions 
should initially be evaluated by ultrasound.

After age five years the risk of developing a new rhabdoid tumor dramatically decreases [Eaton et al 2011]. It 
remains worthwhile, however, to screen individuals with RTPS for other manifestations (e.g., schwannomas, 
SCCOHT). A practical approach would include:

• Every six months, thorough clinical examination including neurologic examination;
• Annual whole-body MRI;
• Abdominal and pelvic ultrasound every six months in individuals with SMARCA4-related SCCOHT.

Note: (1) Current data do not allow for a determination of how long surveillance should continue. (2) 
Recommendations are subject to continuous updates; the authors recommend close monitoring of the evolving 
literature.

Agents/Circumstances to Avoid
Limit exposure to DNA-damaging agents including radiation (e.g., x-ray, CT, external beam radiotherapy), 
tobacco, UV light, and chemotherapy to minimize the lifetime risk of developing late-onset secondary cancers. 
Imaging tests utilizing radioactive compounds should be used only if absolutely necessary for essential health 
care. This recommendation is based on the increased risk of adverse effects in young developing children, not 
increased risk as a result of a SMARCA4 or SMARCB1 pathogenic variant.
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Evaluation of Relatives at Risk
It is appropriate to clarify the genetic status of at-risk relatives of an affected individual by molecular genetic 
testing for the SMARCB1 or SMARCA4 disease-causing variant in the family.

• Early detection of individuals who are heterozygous for an SMARCB1 or SMARCA4 disease-causing 
variant allows prompt initiation of surveillance and treatment.

• Family members who have not inherited the disease-causing variant and their subsequent offspring have 
risks similar to the general population.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
The following clinical trials are currently recruiting unless otherwise indicated.

Table 4. Overview of Clinical Trials in Pediatric Malignant Rhabdoid Tumors Including Rhabdoid Tumor Predisposition Syndrome

Inhibitor Group Inhibitor ClinicalTrials.gov
NCT Number Phase Study

Completion

Epigenetic 
inhibitors

CUDC-907 NCT02909777 1 2022

Vorinostat (SAHA) NCT04308330 1 2022

Tazemetostat NCT02601937 1 2022

Tazemetostat NCT03155620 2 2027

Tazemetostat NCT03213665 2 2024

Decitabine + Pembrolizumab NCT03445858 1 2025

Cell cycle 
inhibitors

Abemaciclib NCT02644460 1 2022

Palbociclib NCT03526250 2 2025

Palbociclib NCT03709680 1 2025

Abemaciclib NCT04238819 1 2023

Kinase 
inhibitors

Alisertib NCT02114229 2 2027

Sirolimus NCT02574728 2 2022

Everolimus + Lenvatinib NCT03245151 1, 2 2022

Adavosertib NCT02095132 1, 2 2021

Regorafenib NCT02085148 1 2023

Neratinib NCT02932280 1,2 2024

Pazopanib NCT03628131 1, 2 2025

Larotrectinib NCT03834961 2 2022

Ponatinib NCT03934372 1, 2 2024

Cabozantinib NCT02867592 2 2021

Cabozantinib NCT03611595 1 2021

Lenvatinib NCT04447755 2 2024

Pathway-specific 
compounds Tegavivint NCT04851119 1, 2 2028
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Table 4. continued from previous page.

Inhibitor Group Inhibitor ClinicalTrials.gov
NCT Number Phase Study

Completion

Immunotherapy

4-1BBζ B7H3-EGFRt-DHFR (selected) + 2nd-generation 4-1BBζ CD19-
Her2tG NCT04483778 1 2040

2nd-generation 4-1BBζ EGFR806-EGFRt + 2nd-generation 4-1BBζ CD19-
Her2tG NCT03618381 1 2038

AGAR T cells NCT04377932 1 2040

CAR T cells NCT04715191 1 2040

Nivolumab NCT03465592 1, 2 2026

Nivolumab + Entinostat NCT03838042 1, 2 2023

Nivolumab + Ipilimumab NCT04416568 2 2025

Nivolumab NCT03585465 1, 2 2028

Pembrolizumab NCT02332668 1, 2 2022

REGN2810 NCT03690869 1, 2 2025

Avelumab NCT03451825 1, 2 2021

Atezolizumab NCT04796012 2 2023

Pembrolizumab + Decitabine NCT03445858 1 2025

Niraparib + Dostarlimab NCT04544995 1 2030

Other 
compounds

ALRN-6924 NCT03654716 1 2022

Idasanutlin NCT04029688 1, 2 2024

SGT-53 NCT02354547 1 2021

CLR 131 NCT03478462 1 2024

Based on Nemes & Frühwald [2018], Nemes et al [2022]

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
Rhabdoid tumor predisposition syndrome (RTPS) is inherited in an autosomal dominant manner.

Risk to Family Members
Parents of a proband
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• The vast majority of individuals diagnosed with SMARCB1-related RTPS have the disorder as the result of 
a de novo germline disease-causing variant [Biegel et al 2014]. Rarely, a SMARCB1 disease-causing variant 
is inherited from an unaffected parent or a parent with late-onset or undiagnosed RTPS [Ammerlaan et al 
2008].

• Most reported individuals diagnosed with SMARCA4-related RTPS inherited a disease-causing variant 
from a parent without a history of a rhabdoid tumor or small-cell carcinoma of the ovary, hypercalcemic 
type (SCCOHT) [Schneppenheim et al 2010; Hasselblatt et al 2014; Andrianteranagna et al 2021; Holdhof 
et al 2021; EU-RHAB ‒ Author, personal communication].

• If a proband appears to be the only affected family member (i.e., a simplex case), molecular genetic testing 
is recommended for the parents of the proband to confirm their genetic status and to allow reliable 
recurrence risk counseling.

• If a phenotypically healthy parent is found to have a SMARCB1 or SMARCA4 disease-causing germline 
variant, the parent should be offered surveillance.

• If the SMARCB1 or SMARCA4 disease-causing variant identified in the proband is not identified in either 
parent and parental identity testing has confirmed biological maternity and paternity, the following 
possibilities should be considered:

⚬ The proband has a de novo disease-causing variant.

⚬ The proband inherited a disease-causing variant from a parent with germline (or somatic and 
germline) mosaicism. Parental germline mosaicism in SMARCB1-related RTPS has been reported 
[Bruggers et al 2011, Eaton et al 2011, Biegel et al 2014, Gigante et al 2016]. Germline mosaicism 
may account for up to half of the families with sibs affected by RTPS.
Note: Testing of parental leukocyte DNA may not detect all instances of somatic mosaicism and will 
not detect a disease-causing variant that is present in the germ cells only.

• The family history of most individuals with RTPS may appear to be negative because of failure to 
recognize the disorder in family members, reduced penetrance (highly likely in SMARCA4-related RTPS), 
or late onset in the affected parent. Therefore, an apparently negative family history cannot be confirmed 
unless molecular genetic testing has demonstrated that neither parent is heterozygous for the disease-
causing variant identified in the proband.

Sibs of a proband. The risk of the sibs of a proband depends on the genetic status of the proband's parents:

• If a parent of the proband is affected and/or known to have the SMARCB1 or SMARCA4 disease-causing 
variant identified in the proband, the risk to the sibs of inheriting the variant is 50%.
⚬ The penetrance of SMARCB1-related RTPS may be extremely high (e.g., >90% by age 5 years) in 

sibs who inherit a SMARCB1 disease-causing variant. Sibs may develop rhabdoid tumors and 
should undergo surveillance.

⚬ Reduced penetrance is observed in SMARCA4-related RTPS. Sibs who inherit a SMARCA4 disease-
causing variant may or may not develop rhabdoid tumors and should undergo surveillance.

⚬ The types of RTPS-related tumors can vary among family members with the same disease-causing 
variant.

• If the SMARCB1 or SMARCA4 disease-causing variant identified in the proband cannot be detected in the 
constitutional (i.e., leukocyte) DNA of either parent, the recurrence risk to sibs is still greater than that of 
the general population because of the possibility of parental germline mosaicism [Bruggers et al 2011, 
Eaton et al 2011, Biegel et al 2014, Gigante et al 2016]. Germline mosaicism may account for up to half of 
the families with sibs affected by RTPS.

14 GeneReviews®



• If the parents have not been tested for the disease-causing variant identified in the proband but are 
clinically unaffected, sibs are still presumed to be at increased risk for RTPS because of the possibility of 
reduced penetrance in a heterozygous parent (highly likely in SMARCA4-related RTPS) or parental 
germline mosaicism.

Offspring of a proband. Each child of an individual with a germline SMARCB1 or SMARCA4 disease-causing 
variant has a 50% chance of inheriting the disease-causing variant.

Other family members. The risk to other family members depends on the status of the proband's parents: if a 
parent has a germline SMARCB1 or SMARCA4 disease-causing variant, members of the parent's family may be 
at risk.

Related Genetic Counseling Issues
See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose 
of early diagnosis and treatment.

Genetic cancer risk assessment and counseling. For a comprehensive description of the medical, psychosocial, 
and ethical ramifications of identifying at-risk individuals through cancer risk assessment with or without 
molecular genetic testing, see Cancer Genetics Risk Assessment and Counseling – Health Professional Version 
(part of PDQ®, National Cancer Institute).

Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are affected or at risk.

Prenatal Testing and Preimplantation Genetic Testing
High-risk pregnancies (i.e., those with a family history of RTPS). Once the SMARCB1 or SMARCA4 disease-
causing variant has been identified in an affected family member, prenatal testing for a pregnancy at increased 
risk and preimplantation genetic testing are possible.

Note: Rhabdoid tumors associated with RTPS may develop before birth; therefore, if the SMARCB1 or 
SMARCA4 disease-causing variant has been identified in the fetus, high-level ultrasound examination may be 
used to detect and identify prenatal manifestations of a primary tumor.

Low-risk pregnancies (i.e., those without a known family history of RTPS). If a primary tumor is detected on 
general prenatal ultrasound screening (and confirmed with high-level ultrasound), prenatal testing for a 
SMARCB1 or SMARCA4 disease-causing variant may be discussed. Note: Specific treatment for this group is 
currently not available, but interventions may be discussed; long-term survival has been reported in some 
affected individuals [Seeringer et al 2014b, Nemes et al 2018].

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.
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• American Cancer Society
Phone: 800-227-2345
cancer.org

• American Childhood Cancer Organization
Phone: 855-858-2226
www.acco.org

• CancerCare
Phone: 800-813-4673
Email: info@cancercare.org
cancercare.org

• National Brain Tumor Society
Phone: 617-924-9997
Email: info@braintumor.org
www.braintumor.org

• European Rhabdoid Registry (EU-RHAB)
Stenglingstr. 2.
Augsburg 86156
Germany
Phone: 00498214004342
Fax: 0049821400174243
Email: eurhab@klinikum-augsburg.de
www.rhabdoid.de

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. Rhabdoid Tumor Predisposition Syndrome: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

SMARCA4 19p13.2 Transcription activator 
BRG1

SMARCA4 database SMARCA4 SMARCA4

SMARCB1 22q11.23 SWI/SNF-related matrix-
associated actin-
dependent regulator of 
chromatin subfamily B 
member 1

SMARCB1 database 
UKE Hamburg 
SMARCB1 database

SMARCB1 SMARCB1

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.
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Table B. OMIM Entries for Rhabdoid Tumor Predisposition Syndrome (View All in OMIM)

601607 SWI/SNF-RELATED, MATRIX-ASSOCIATED, ACTIN-DEPENDENT REGULATOR OF CHROMATIN, SUBFAMILY B, 
MEMBER 1; SMARCB1

603254 SWI/SNF-RELATED, MATRIX-ASSOCIATED, ACTIN-DEPENDENT REGULATOR OF CHROMATIN, SUBFAMILY A, 
MEMBER 4; SMARCA4

609322 RHABDOID TUMOR PREDISPOSITION SYNDROME 1; RTPS1

613325 RHABDOID TUMOR PREDISPOSITION SYNDROME 2; RTPS2

Molecular Pathogenesis
Rhabdoid tumor predisposition syndrome (RTPS) is typically characterized by heterozygous germline disease-
causing variants that predict inactivation of SMARCB1 (more commonly) or SMARCA4 (very rarely).

SMARCA4 with its ATPase activity is the catalytic subunit and SMARCB1 is a core protein of the SWI/SNF 
chromatin remodeling complex. SWI/SNF interacts with various pathways (p16-Rb pathway, Wnt/β-catenin 
pathway, sonic hedgehog signal pathway, polycomb pathway, MYCC, Aurora A) and affects many essential 
biological functions in developing organs, including cell cycle and cell differentiation, gene expression, and DNA 
repair [Biegel et al 2014, Kim & Roberts 2014, Kohashi & Oda 2017].

Mechanism of disease causation. Loss of function

Gene-specific laboratory technical considerations

• SMARCA4. By convention, disease-causing variants are numbered based on the sequence of the transcript 
encoding the longest isoform, which is transcript NM_001128849.3, comprising 36 exons. Reported 
disease-causing variants include nonsense and splice site variants and intragenic deletions that predict 
inactivation.

• SMARCB1. By convention, disease-causing variants are numbered based on the sequence of the transcript 
encoding the isoform a, which is transcript NM_003073.5, comprising nine exons. Reported disease-
causing variants include nonsense and splice site variants, duplications, intragenic deletions, and exon and 
whole-gene deletions, which predict inactivation.

Cancer and Benign Tumors
Sporadic rhabdoid tumors may occur as single tumors in the absence of any other findings of RTPS and harbor 
somatic (acquired) SMARCB1 and/or SMARCA4 variants that are not present in the germline [Schneppenheim 
et al 2010, Biegel et al 2014]. In these circumstances predisposition to these tumors is not heritable. The routine 
application of immunohistochemistry to all neural tumors has identified other tumors with loss of SMARCA4 
and/or SMARCB1 expression [Biegel et al 2014, Margol & Judkins 2014]. Whether SMARCB1 or SMARCA4 
plays a role in development of these tumors is not known.

Chapter Notes

Author Notes
The European Rhabdoid Registry (EU-RHAB) was established in 2010 to define a standard of care for affected 
individuals with malignant rhabdoid tumors, to further the understanding of basic molecular mechanisms by 
coordinating the collection and analysis of biological materials in order to identify potential targets for 
pharmaceutical treatment, and eventually to shape the basis for Phase I/II trials.

Research projects
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• SIOPE ATRT01 Study. An international prospective umbrella trial for children with atypical teratoid/
rhabdoid tumors (AT/RT) including a randomized Phase III study evaluating the non-inferiority of three 
courses of high-dose chemotherapy compared to focal radiotherapy as consolidation therapy

• RTPS Project. "Families with rhabdoid tumor predisposition syndromes (RTPS1 and 2) – development of 
a clinical and human genetic concept"

• Relapse Project. "Mechanism of progression in malignant rhabdoid tumors"
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