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“So the last shall be first, and 
the first last …”

“What does it mean when 
you have a newly diagnosed 

patient with SMARCB1 
inactivation?”
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Original Description

Recognition



Renal Rhabdoid Tumor

Recognition



Renal Rhabdoid Tumor

Recognition



Renal Rhabdoid Tumor 
Patterns

Hyalinizing Chondroid Trabecular



Renal Rhabdoid Tumor 
Patterns

Pseudoglandular Lymphomatoid Histiocytoid



Renal Rhabdoid Tumor 
Patterns

Spindled Myxoid “Mesenchymal”



Renal Rhabdoid Tumor 
Patterns

Organoid/
Paragangliogliomatous

Palisaded PatternClear cell sarcoma of 
kidney(CCSK) like



Renal Rhabdoid Tumor Ultrastructure

Classic Sclerosing



Soft Tissue Rhabdoid 

Recognition



Soft Tissue Rhabdoid 

Recognition Images from Dr. David Parham



Soft Tissue Rhabdoid 

Recognition



CNS Rhabdoid (AT/RT)

Recognition
PMID: 
8683283



CNS Rhabdoid (AT/RT)

Recognition
PMID: 
8683283



CNS Rhabdoid (AT/RT)

Recognition



CNS Rhabdoid (AT/RT)

General Features

• Location

• Macroscopic
– Cystic
– Heterogeneous
– Hemorrhage or necrosis

Data courtesy of Dr. Rorke­Adams; images Drs. Rorke­Adams & Parham

Recognition



CNS Rhabdoid (AT/RT)

Microscopic Pathology
• Predominant Pattern Type

– Sheets of tumor with infiltrative 
growth through adjacent 
parenchymal and 
leptomeninges

• Predominant Cell Type
– Primitive neuroectodermal cells
– Rhabdoid cells
– Mesenchymal/epithelial cells

• Cytology of Rhabdoid cells
– Vesicular chromatin staining
– Prominent eosinophilic nucleoli

Recognition



CNS Rhabdoid (AT/RT)

Microscopic Pathology, Cont’d.

• Histologic Features
– Prominent cell borders
– Abundant eosinophilic 

cytoplasm
– Vacuolar cytoplasmic 

degeneration
– Variable mitotic activity
– Karyorrhectic debris
– Necrosis

Recognition



CNS Rhabdoid (AT/RT)

Microscopic Pathology, Cont’d.
• Histologic Features

– Rhabdoid cells may be focal or rare
– Epithelioid cells may be more 

common than rhabdoid cells
– PNET/MB component often 

predominates and occasionally is all 
there is

– Poorly differentiated epithelial 
structures are occasionally identified

– Spindle cell mesenchymal 
differentiation 

– Chordoid pattern with abundant 
extracellular myxohyaline material

vimentin EMA

SMA AE1/3

GFAP (br.)/NFP (red)

Recognition



Rhabdoid Tumors: Common Features

• Histology
– Rhabdoid cells*
– Polymorphic features 

• Primitive, epithelial and 
mesenchymal elements are 
most frequently identified

• Spectrum of histologic patterns 
can be observed in all rhabdoid 
tumors

– Biologically aggressive 
• Infiltrative margins
• Frequent lymphatic invasion
• Necrosis
• High proliferative rate/mitotic 

rate (typically)

Recognition



Rhabdoid Tumors: Common Features

• Immunohistochemistry
– Polyphenotypic tumors
– Markers of divergent 

differentiation:
• Neuroepithelial 
• Epithelial 
• Mesenchymal

– Intermediate filaments
– Markers of myogenic 

differentiation are not 
typically expressed

Expression

Vimentin All

EMA Most ­ All

Actin* Most ­ All

GFAP Most

Neural (NSE, 
synapto, NFP)

Most

Cytokeratin Many

CD99 Many

Desmin Some

Myogenin/Myoglo
bin

Negative (?)

Recognition



Monsomy 22

Discovery
N Engl J Med. 1989 Sep 
28;321(13):906. 25



Truncating mutations of 
hSNF5/INI1/SMARCB1

Discovery

PMID: 9671307



IHC Analysis of 
hSNF5/INI1/SMARCB1

Application Am J Surg Pathol. 2004 May;28(5):644­50.



Prognostic Implications

Recognizing AT/RT

• Differential Diagnosis:
– Embryonal CNS tumors 

(PNET/MB)
– Choroid plexus carcinoma
– Ependymoma
– Germ cell tumor

• Initially many cases were 
classified as PNET/MB

Clinical Outcome Data

Prognosis
Recog. & Discovery 2.0
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Immunohistochemical Analysis of INI1 Protein in Malignant Pediatric CNS Tumors: Lack of INI1 in Atypical 
Teratoid/Rhabdoid Tumors and in a Fraction of Primitive Neuroectodermal Tumors without Rhabdoid Phenotype.
Haberler, Christine; Laggner, Ute; Slavc, Irene; Czech, Thomas; Ambros, Inge; Ambros, Peter; Budka, Herbert; Hainfellner, 
Johannes

American Journal of Surgical Pathology. 30(11):1462­1468, November 2006.
DOI: 10.1097/01.pas.0000213329.71745.ef

Prognostic Implications

Prognosis
Recog. & Discovery 2.0



Prognostic Implications

CPC

AT/RT

SMARCB1

SMARCB1

Prognosis
Recog. & Discovery 2.0



Re­recognition
• Not all tumors with 

rhabdoid features are 
rhabdoid tumors

• Loss of SMARCB1 
expression does not 
occur in other tumors 
with rhabdoid features

• Loss of SMARCB1 
expression is observed 
in adult AT/RT (rare)

PMID: 15761491; 15779233

Prognosis
Recog. & Discovery 2.0



Recognition

Central Nervous System

• Malignant transformation 
of low grade CNS tumors 
(rare)

• Cribriform neuroepithelial 
tumor (CRINET)

CRINET

Other tumors may show inactivation of 
SMARCB1

Malignant transformation

Prognosis
Recog. & Discovery 2.0



Recognition

Extra­CNS
• PNS

– Schwannoma (mosaic)
– Epitheliod MPNST

• Soft Tissue
– Epithelioid Sarcoma
– Extraskeletal myxoid 

chondrosarcoma
– Synovial sarcoma (reduced)
– Pediatric undifferentiated sarcoma

• Other
– Renal medullary carcinoma
– Small cell undifferentiated 

hepatoblastoma
– Myoepithelial carcinoma

PNS
Other tumors may show inactivation of 

SMARCB1Soft TissueOther

Images PMID: 21934399; 16704491; 15489652; 18997735; 23060122  

Prognosis
Recog. & Discovery 2.0



Rhabdoid Tumors May Have 
Retained SMARCB1 
Expression* * Very rarely!!!

SMARCB1 SMARCA4

Prognosis
Recog. & Discovery 2.0



Germline SMARCB1 
Abnormalities Are Common 
in Rhabdoid Tumors

Prognosis
Recog. & Discovery 2.0



“A Remarkably Genetically 
Simple Disease”

PMID: 22797305

Prognosis
Recog. & Discovery 2.0



“A Remarkably Genetically 
Simple Disease”

Prognosis
Recog. & Discovery 2.0 Lawrence et al., Nature 2013



Malignant Rhabdoid Tumors Express 
Stem Cell Factors, EZH2 & Id Proteins

Summary­ stem cell factors in MRT 
MRT ­ stem cell factors 

MRT ­ ID proteins, EZH2 
Regression analysis 

43  /48 
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Growth and Developmental Pathways

Prognosi
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Genomic Landscape of AT/RTs … There Is 
More Than SMARCB1

Prognosis
Recog. & Discovery 2.0

Annie Huang, Hospital for Sick Children, Toronto



AT/RTs Comprise At Least Two 
Molecular Classes

Prognosis
Recog. & Discovery 2.0 Annie Huang, Hospital for Sick Children



Risk Stratification of AT/RT

Prognosis
Recog. & Discovery 2.0 Annie Huang, Hospital for Sick Children

• Clinical risk factors: location & extent of 
surg

• Molecular classification: group 1 / 2 status

supra

infra

GTR

STR
+ive
­ive



Risk Stratification of AT/RT

Prognosis
Recog. & Discovery 2.0 Annie Huang, Hospital for Sick Children

• AT/RT can be classified into low, 
moderate and high risk groups

• Treatment intensification showed 
differential effect predominately in 
moderate risk group

+INT

+INT

­INT ­INT

+HDC only

LOW MODERATE HIGH



SWI/SNF

Epigenetically 
Driven Changes 
in Gene 
Expression

Inactivation of SMARCB1

c­MYC
CCND1
GLI1
AURKA

Cyclin D1

Transcrip
tio

nal 

activ
atio

n of 

oncogenes

Cell cycle control

ID proteins, 
EZH2

“A Remarkably Genetically Simple … 
But Not Quite That Simple … Disease”

PI3K­
AKT
HippoGrowth & Develop 

Pathways

Stem Cell Factors

Tumor 
Suppressi

on

Tumor 
Suppressi

on

Epigen
etic 

Regulat
ion
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etic 

Regulat
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Treatment

Treatment

What does it mean when you have a newly 
diagnosed patient with SMARCB1 inactivation?”

Rhabdoid Tumor

Non­Rhabdoid Tumor

• Genetic risk (germline)
• Risk stratification
• Novel Agents (HDAC 

inhibitors, IGF­1R)
• Targeted therapies 

(Aurora Kinase A, EZH2, 
PI3K/Akt, Hippo, 
pathways)

Age > 3 yrs.
Non­CNS/renal location

Significant genetic 
instability

Biologically less 
aggressive or associated 
with a lower grade tumor

Age < 3 yrs.
CNS, renal, soft tissue

Absence of genetic 
instability

Biologically aggressive
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