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WHO Classification of Pediatric Tumors

• For the first time, the WHO published a comprehensive 

classification of tumors of children

• Includes all organ systems and lineages

• Emphasis on tumors with a predilection for (or relatively 

common presentation in) children and adolescents

• Also includes some tumor types that occasionally 

present in young patients



WHO Classification of Pediatric Tumors

Hematolymphoid disorders Female genital tumors

CNS tumors Breast tumors

Peripheral neuroblastic tumors Digestive system tumors

Eye tumors Endocrine tumors

Soft tissue and bone tumors Head and neck tumors

Germ cell tumors Thoracic tumors

Renal and male genital tumors Skin tumors

Genetic tumor syndromes



Pediatric soft tissue tumors

• Include a diverse arrange of benign, intermediate, and 

malignant mesenchymal neoplasms

• Incidence of soft tissue sarcomas <1 per 100,000 in 

children <10 yrs (18 per 100,000 in adults >70 yrs)

• Soft tissue sarcomas account for 7-8% of childhood 

cancers (compared to <1% of cancers in adults)

• Rhabdomyosarcomas most common sarcomas in 

children <15 yrs

• Non-rhabdomyosarcoma soft tissue sarcomas 

uncommon and heterogeneous



Soft Tissue Tumors

Adipocytic tumors Smooth muscle tumors

Fibroblastic and myofibroblastic tumors Skeletal muscle tumors

So-called fibrohistiocytic tumors Gastrointestinal stromal tumors

Vascular tumors Peripheral nerve sheath tumors

Pericytic (perivascular) tumors Tumors of uncertain derivation

Undifferentiated small round cell sarcomas of bone 

and soft tissue



Adipocytic tumors

Lipomatosis

Lipoblastoma/lipoblastomatosis

Liposarcomas

Types of liposarcoma Pediatric population

Well-differentiated liposarcoma Exceptionally rare

Dedifferentiated liposarcoma Exceptionally rare

Myxoid liposarcoma Over 70% of liposarcomas

Myxoid pleomorphic liposarcoma Rare; over-represented in children

Pleomorphic liposarcoma Exceptionally rare
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Myxoid pleomorphic liposarcoma

• Predilection for the mediastinum of children and 

young adults

• Some cases associated with Li-Fraumeni syndrome

• Histology: admixture of hypocellular zones with 

myxoid stroma, bland nuclei, and delicate branching 

vessels and areas with atypia and pleomorphism

• Lack DDIT3 rearrangements and MDM2 amplification

• Clinically aggressive with high rate of local recurrence 

and distant metastasis





Myxoid Pleomorphic Liposarcoma



Myxoid Pleomorphic Liposarcoma



Fibroblastic and myofibroblastic tumors

Fasciitis/myositis Sinonasal angiofibroma

Fibroma of tendon sheath Plantar/palmar fibromatosis

Gardner fibroma Desmoid fibromatosis

Fibrous hamartoma of infancy EWSR1::SMAD3 fibroblastic tumor

Lipofibromatosis Inflammatory myofibroblastic tumor

Inclusion body (digital) fibromatosis NTRK-rearranged spindle cell neoplasm

Juvenile hyaline fibromatosis
Low-grade fibromyxoid sarcoma/ 

sclerosing epithelioid fibrosarcoma

Fibromatosis colli Low-grade myofibroblastic sarcoma

Calcifying aponeurotic fibroma Infantile fibrosarcoma
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• Most children < 2 yrs; can be congenital (20%)

• Male predominance

• Axilla, trunk, upper extremities, genital region

• Local recurrence (non-destructive) in 15%

Fibrous Hamartoma of Infancy



EGFR



• Peak in children 5 – 15 yrs; M > F

• Palmar hands/fingers >> plantar feet/toes >> 
wrists or ankles

• Local recurrence up to 50%, sometimes following 
prolonged interval; multiple recurrences rare

Calcifying Aponeurotic Fibroma





• Children; 50% < 1 yr; 20% congenital; M:F 2:1

• Hands and feet >> trunk and head and neck

• Slow-growing, poorly demarcated subcutaneous mass

• High local recurrence rate (70%)

Lipofibromatosis





• FN1::EGF in 20%

• Some cases “early” calcifying 
aponeurotic fibroma?

Primary tumor        Local recurrence (3 yr)

Al-Ibraheemi et al. Mod Pathol 2019



NTRK-rearranged Spindle Cell Neoplasms

Definition:

Emerging family of rare spindle cell tumors showing 

a wide morphologic spectrum, from lipofibromatosis-

like to infantile fibrosarcoma-like lesions, and 

harboring NTRK1/2/3 gene rearrangements or other 

gene alterations (such as RAF1, BRAF, or RET) 

implicated in receptor tyrosine kinase pathway 

activation. Our understanding of this category is 

rapidly evolving; additional genetic alterations may 

be discovered with further studies.



• Majority occur in first two decades; rarely in adults

• Most common in extremities (superficial > deep); 
also trunk and GI tract

• May resemble lipofibromatosis, malignant peripheral 
nerve sheath tumor, infantile fibrosarcoma

• Co-expression of S100 protein and CD34 common

• Pediatric tumors can recur locally; metastasis rare

• Prognostic significance of histologic features 
(cellularity, mitotic rate, necrosis) not entirely clear

NTRK-rearranged Spindle Cell Neoplasms





NTRK variant fusions

TPM3::NTRK1

LMNA::NTRK1

MIR584F1::NTRK1

SQSTM1::NTRK1

TPR::NTRK1

STRN::NTRK2

EML4::NTRK3









NTRK-rearranged Spindle Cell Neoplasm
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NTRK-rearranged Spindle Cell Neoplasm



NTRK-rearranged Spindle Cell Neoplasm

S100 CD34



NTRK-rearranged Spindle Cell Neoplasm

pan-TRK



So-called Fibrohistiocytic Tumors

Fibrous histiocytoma

Plexiform fibrohistiocytic tumor

Giant cell fibroblastoma / dermatofibrosarcoma protuberans

Tenosynovial giant cell tumor
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Dermatofibrosarcoma Protuberans

CD34



Dermatofibrosarcoma Protuberans Genetics

• Unbalanced 
translocations; often ring 
chromosomes

• der(17)(17;22)(q22;q13)

• COL1A1::PDGFB

• Strong promoter drives 
expression of growth 
factor

• FISH for PDGFB
Simon et al. Nat Genet 1997





DFSP More Genetics

• Small subset of DFSP (4%) negative for PDGFB 
rearrangement by FISH

• Until recently, molecular pathogenesis unknown

• Around half of these cases (2%) harbor “cryptic” 
COL1A1::PDGFB rearrangement

• Other half (2%) harbor novel gene fusions:

COL6A3::PDGFD or EMILIN2::PDGFD

Dickson et al. Genes Chromosomes Cancer 2018 Dadone-Montaudié et al. Mod Pathol 2018



Dickson et al. Genes Chromosomes Cancer 2018



Vascular tumors

Capillary malformations Pyogenic granuloma

Venous malformations Epithelioid hemangioma

Arteriovenous malformations
Tufted hemangioma / 

kaposiform hemangioendothelioma

Intramuscular vascular anomalies
Papillary intralymphatic angioendothelioma 

and retiform hemangioendothelioma

Lymphatic anomalies Pseudomyogenic hemangioendothelioma

Congenital hemangioma Kaposi sarcoma

Infantile hemangioma Epithelioid hemangioendothelioma

Hemangioma of placenta Angiosarcoma
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Courtesy of G. Petur Nielsen



Clinical Features (200 cases)

Age Mean: 30 years

M : F 4 : 1

Multifocal >50%

Anatomic distribution

Lower extremities: 60%

   Upper extremities: 20%

   Trunk: 15%

   Head and neck: 5%

Depth

Skin: 75%

   Muscle: 50%

   Bone: 20%

Despite ominous clinical presentation, distant metastasis rare



Pseudomyogenic Hemangioendothelioma
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Pseudomyogenic Hemangioendothelioma



Positive Negative

Keratins AE1/AE3 Keratins MNF116

ERG EMA

FLI1 CD34

CD31 (often) S100 protein

INI1 (retained) Desmin

Immunohistochemistry



AE1/AE3

Pseudomyogenic Hemangioendothelioma



ERG

Pseudomyogenic Hemangioendothelioma







FOSB FOSB

Hung et al. Am J Surg Pathol 2017

Pseudomyogenic Hemangioendothelioma



FOSB

Pseudomyogenic Hemangioendothelioma





Smooth muscle tumors

EBV-associated smooth muscle tumor

Skeletal muscle tumors

Rhabdomyoma

Rhabdomyosarcoma family

Ectomesenchymoma

Pericytic (perivascular) tumors

Myofibroma and myopericytoma

Glomus tumor and glomuvenous malformation

Gastrointestinal stromal tumors

Pediatric gastrointestinal stromal tumor
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Type Age Sites

Embryonal Children
Head and neck, GU, 

retroperitoneum, biliary

Alveolar
Adolescents or 

young adults

Extremities, head and neck, 

trunk, pelvis

Pleomorphic Older adults Extremities

Spindle cell/sclerosing
Children or 

adults

Head and neck, 

paratesticular

Classification of Rhabdomyosarcomas



Type Alterations

Embryonal RAS pathway mutations (<50%)

Alveolar
t(2;13)   PAX3::FOXO1 (80%)

t(1;13)  PAX7::FOXO1 (20%)

Pleomorphic Complex karyotypes

Spindle cell/sclerosing

Adolescents/adults:

  MYOD1 mutations

Congenital/infantile:

  VGLL2/NCOA2/CITED2 rearrangements

Genetics of Rhabdomyosarcomas



Spindle Cell/Sclerosing Rhabdomyosarcoma

• Most common in head and neck >> extremities

• Pediatric: paratesticular more common

• Female predominance for MYOD1-mutant cases

• Rapidly growing mass; symptoms related to local 

compression

• Congenital/infantile with fusions: favorable prognosis

• MYOD1-mutant: poor prognosis (5-year survival <20%)



Spindle Cell/Sclerosing Rhabdomyosarcoma
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Spindle Cell/Sclerosing Rhabdomyosarcoma



desmin

Spindle Cell/Sclerosing Rhabdomyosarcoma



MyoD1

Spindle Cell/Sclerosing Rhabdomyosarcoma



Peripheral nerve sheath tumors

Schwannoma

Neurofibroma

Perineurioma

Hybrid nerve sheath tumors

Granular cell tumor

Solitary circumscribed neuroma

Ectopic meningioma and meningothelial hamartoma

Benign triton tumor / neuromuscular choristoma

Malignant peripheral nerve sheath tumor
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Malignant peripheral nerve sheath tumor

• Arise in patients with NF1 (50%), sporadically (40%), 
or following radiation therapy (10%)

• Challenging diagnosis

• Diagnostic criteria:
1. Origin from a nerve or a neurofibroma

2. Spindle cell sarcoma in a patient with NF1

3. Evidence of Schwann cell differentiation by IHC

» S100 protein and SOX10 only 30-50% sensitivity

• Diagnosis in sporadic setting relies on distinctive 
histology and exclusion of mimics



Malignant Peripheral Nerve Sheath Tumor



Malignant Peripheral Nerve Sheath Tumor



MPNST with Heterologous Rhabdomyoblastic Differentiation



MYOG

MPNST with Heterologous Rhabdomyoblastic Differentiation



Polycomb repressive complex

Epigenetic modification of chromatin:

• PRC2 recruits to chromatin and trimethylates histone H3 at lysine 27

Physiologic regulation of cell fate and stem cell differentiation

Deregulation → cancer development

Modified from Sauvageau et al. Cell Stem Cell 2010



Nov 2014

Nov 2014

Oct 2014



PRC2 and MPNST

• PRC2 alterations (SUZ12 or EED mutations) in 90% of 
MPNST

• Homozygous mutations result in loss of H3K27me3 
(histone H3 lysine 27 trimethylation) in 70% of MPNST

• Rate of H3K27me3 loss depends on grade

• IHC for H3K27me3 highly specific diagnostic marker

Schaefer et al. Mod Pathol 2016

Prieto-Granada et al. Am J Surg Pathol 2016



MPNST grade H3K27me3 loss

Low grade 30%

Intermediate grade 60%

High grade 80%

IHC for H3K27me3 in MPNST

Schaefer et al. Mod Pathol 2016

Prieto-Granada et al. Am J Surg Pathol 2016



H3K27me3

Malignant Peripheral Nerve Sheath Tumor



Malignant Peripheral Nerve Sheath Tumor

H3K27me3



Monophasic Synovial Sarcoma

H3K27me3



THANK YOU!

jhornick@bwh.harvard.edu

@JLHornick
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