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Approach to round cell sarcomas

ÅPay attention to age

ÅPay attention to anatomic site

ÅReview radiology (bone tumors)

ÅLook for histologic clues

ÅApply immunohistochemistry judiciously

ÅApply molecular testing as needed



Typical age ranges for patients with 
round cell sarcomas

Age Tumor types

Young children Neuroblastoma, embryonal RMS

Adolescents
Alveolar RMS, Ewing sarcoma,

BCOR-rearranged sarcoma, DSRCT

Young adults

Ewing sarcoma, CIC-rearranged sarcoma,

poorly differentiated synovial sarcoma,

DSRCT, mesenchymal chondrosarcoma,

alveolar RMS, myxoid (round cell) liposarcoma

DSRCT, desmoplastic small round cell tumor; RMS, rhabdomyosarcoma



Distinctive anatomic sites for 
selected round cell sarcomas

Tumor type Anatomic location

Embryonal RMS
Head and neck (orbit), genitourinary tract, 

retroperitoneum, biliary tree

Alveolar RMS Head and neck (sinonasal)

DSRCT Abdominal cavity

Neuroblastoma Adrenal gland, retroperitoneum

DSRCT, desmoplastic small round cell tumor; RMS, rhabdomyosarcoma



Round cell sarcomas that often arise in bone

Ewing sarcoma

BCOR-rearranged sarcoma

Mesenchymal chondrosarcoma



Histologic clues:
distinctive blood vessels

Tumor type Vascular pattern

Poorly differentiated synovial sarcoma Staghorn (hemangiopericytoma-like)

Mesenchymal chondrosarcoma Staghorn (hemangiopericytoma-like)

Myxoid (round cell) liposarcoma Plexiform (crowôs feet)



Histologic clues:
other distinctive features

Tumor type Feature

CIC-rearranged sarcoma Variable myxoid stroma

Myxoid (round cell) liposarcoma Variable myxoid stroma

Alveolar rhabdomyosarcoma Nested or alveolar architecture

Desmoplastic small round cell tumor Nested, desmoplastic stroma



Tumor type KRT DES
MYOG

MYOD1
CD99 WT1 NKX2.2 ETV4 BCOR SS18::SSX DDIT3 PHOX2B

Ewing sarcoma + ++ ++

CIC-rearranged 

sarcoma + ++ ++ ++

Sarcomas with 

BCOR alterations + ++

PD synovial 

sarcoma + + + ++

Alveolar RMS + ++ ++ + +

High grade 

myxoid LPS ++

DSRCT ++ ++ + ++

Neuroblastoma ++

IHC in round cell sarcomas



Diagnostically useful gene fusions in 
round cell sarcomas

Tumor type Gene fusions

Ewing sarcoma EWSR1::FLI1, EWSR1::ERG

CIC-rearranged sarcoma CIC::DUX4

BCOR-rearranged sarcoma BCOR::CCNB3

Alveolar rhabdomyosarcoma PAX3::FOXO1, PAX7::FOXO1

Desmoplastic small round cell tumor EWSR1::WT1

Poorly differentiated synovial sarcoma SS18::SSX1, SS18::SSX2

Myxoid (round cell) liposarcoma FUS::DDIT3, EWSR1::DDIT3



Skeletal-muscle tumors

Embryonal rhabdomyosarcoma

Alveolar rhabdomyosarcoma

Tumors of uncertain differentiation

Desmoplastic small round cell tumor

Undifferentiated/unclassified sarcomas

Undifferentiated round cell sarcomas

WHO 2013

Tumors of soft tissue

Tumors of bone

Ewing sarcoma



Skeletal-muscle tumors

Embryonal rhabdomyosarcoma

Alveolar rhabdomyosarcoma

Tumors of uncertain differentiation

Desmoplastic small round cell tumor

Undifferentiated/unclassified sarcomas

Undifferentiated round cell sarcomas

Ewing sarcoma

Tumors of soft tissue

Tumors of bone Undifferentiated small round cell 
sarcomas of bone and soft tissue

Ewing sarcoma

Round cell sarcomas with EWSR1-non-

ETS fusions

CIC-rearranged sarcoma

Sarcomas with BCOR genetic alterations

WHO 2013 WHO 2020



Peripheral PNET

PNET

Central PNET



Peripheral PNET

PNET

Central PNET

Ewing sarcoma

Embryonal tumor with multi-layered rosettes
High-grade gliomas and ependymomas

Atypical teratoid/rhabdoid tumor
CNS neuroblastoma with FOXR2 activation

High-grade neuroepithelial tumor with MN1 alteration
High-grade neuroepithelial tumor with BCOR alteration 

Sturm et al. Cell 2016

Even in GU and 
GYN pathology!?

ñEmbryonic-typeò neuroectodermal tumor
Flood et al. Am J Surg Pathol 2021



Ewing sarcoma

ÅMost common in children and young adults

Å2nd most common pediatric sarcoma

ÅMale predominance

ÅPresentation in bone more common in young patients

ÅSoft tissue presentation more common in older patients

ÅMost common soft tissue sites: lower extremities, 
paraspinal region, pelvis

ÅTreated aggressively with combination chemotherapy 
and surgery and/or radiation therapy



Ewing sarcoma



Ewing sarcoma



Ewing sarcoma



Marker Positive Comments

CD99 ~100% Strong, diffuse, membranous

NKX2-2 95% Strong, diffuse, nuclear

FLI1 95% Not specific

Keratins 30% Focal or multifocal

Molecular genetics

EWSR1::FLI1 90%

EWSR1::ERG 5-10%

Other EWSR1::ETS fusions rare

FUS::ETS fusions rare



NKX2-2CD99



FISH



CIC-rearranged sarcoma

ÅMost common ñEwing-likeò (ñundifferentiatedò) round cell 

sarcoma that lacks EWSR1 gene fusions (at least 70%)

ÅMajority with CIC::DUX4 fusions

ÅWide age range; peak in young adults

ÅDeep soft tissue of extremities and trunk most frequent

ÅBone and visceral sites rare

ÅMuch more aggressive clinical course and worse survival 

than Ewing sarcoma; currently treated similarly



CIC-rearranged sarcoma



CIC-rearranged sarcoma



CIC-rearranged sarcoma



Marker Positive Comments

CD99 85% Usually patchy; 20% diffuse

WT1 90% Nuclear +/- cytoplasmic

ETV4 95% Nuclear

Keratins 15% Focal

Antonescu et al. Am J Surg Pathol 2017

Le Guellec et al. Mod Pathol 2016

Hung et al. Mod Pathol 2016

CIC-rearranged sarcoma: IHC



CD99

CIC-rearranged Sarcoma


