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Adult vs. Pediatric Cancer
Age >19 Age Ò 19

SEER Cancer Statistics Review 1975-2016. 



Adults versus pediatrics NTRK

CoccoE et al. NTRK fusion-positive cancers and TRK inhibitor therapy.  Nature Reviews 

Clinical Oncology. 2018; 18: 731-747. 

Penault-Lorca et al. Testing algorithm for identification of patients with 

TRK fusion cancer.  J Clin Pathol2019; 72:460-467.
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3 month old girl with a posterior-sacral 

mass and neurologic symptoms
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ÅFew prior series of 

ñpediatricò/ñjuvenileò 

fibrosarcoma

Å53 cases < age 5 from AFIP

ÅTerm infantile was applied 

solely to denote age 
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Å Age: birth-4 years (median 3 months, 

mean 8.6 months)

Å Location: Extremities, back/trunk, head & 

neck, retroperitoneum

Å No morphologic features, including 

mitoses/necrosis predictive of behavior

Å Recurrence rate: 17%

Å Metastatic rate: 8.4%

Å Overall survival: 84%
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Å Of the 53 cases, 31 had prior 

diagnosis rendered

ï 9 (29%) =  fibrosarcoma

ï Remaining (71%) as other soft 

tissue diagnoses
Å RMS (5), schwannoma (3), MFH (2), 

malignant mesenchymoma (2), HPC (2), 

and other sarcomas (8) 

Å Benign soft tissue tumors (9), including 

fibromatosis (2)

Å Morphology: 

1) Primitive spindle cells either in  

myxoid or collagenized matrix 

2) Inflammatory cell infiltrate, chiefly 

lymphocytes or plasma cells

3) A striking pericytoma-like vascular 

pattern 
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Karyotype
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Dr. Seuss
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FISH

Florescence in situ hybridization

8 11 17 20
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A Novel ETV6-NTRK3 Gene Fusion in 

Congenital Fibrosarcoma

Knezevich SR, McFadden DE, Tao W, Lim JF, Sorensen PH: A novel ETV6-NTRK3 gene fusion in congenital fibrosarcoma. 

Nature Genet 1998, 18:184ï187 
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Classic Cellular

Congenital Mesoblastic Nephroma
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Congenital Mesoblastic Nephroma t(12;15) is 

Associated with ETV6-NTRK3 Gene Fusion
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AJSP. 2000;24(7):937-946.

AJSP. 2001; 25(11):1461-1463.
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CoccoE et al. NTRK fusion-positive cancers and TRK inhibitor therapy.  Nature Reviews Clinical Oncology. 2018; 18: 731-747. 

Timeline of discovery
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IFS SUMMARY TO DATE
Å Classic clinical presentation (most of the time)

Å Morphology 

Å Karyotypic abnormalities: 

ï None random chromosomal gains

Å FISH / RT-PCR:

ïCaution: Asks a specific question
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How do we diagnosis IFS? 

Morphology/Clinical  vs. ETV6 FISH

How do we grade IFS? 
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Infantile fibrosarcoma
Å Most common sarcoma of infancy (0-2 years)

Å Age: 0-16* years (median 4 months); similar cases in adults 

Å Sex: M=F

Å Location: Extremities, trunk, less common abdominal/retroperitoneal 

(non-kidney), head & neck

Å Prognosis: 

ï Locally aggressive (recurrence ~25%)

ïMetastatic rate (10-15%)

ï Overall 5-year survival ~90%

ïHowever ïmorbidity can be significant



Neonate with a 6.5cm lower leg mass 

Å VERY deep seated and 
surrounding vital neurovascular 
structures

Å Underwent biopsy

Å Karyotype:

ï52,XY,+2,+2,+8,+12,+17,+20 
[3] / 46,XY[17]

Å IHC: 

ïPatchy SMA and CD34

Å FISH for ETV6: NEGATIVE



Infantile/Pediatric spindle cell tumors
Diagnosis (Differential Dx) Molecular signature

Congenital/infantile 

fibrosarcoma

ETV6-NTRK3 (~70% of cases)

Infantile fibromatoses

- Myofibroma/tosis

- Desmoid type 

- Lipofibromatosis**

- PDGFR-B mutations

- Beta-catenin/APC mutations

- FN1-EGF, EGR1-GRIA1,TPR-

ROS1, SPARC-PDGRB, FN1-

TGFA, ETC!

Giant cell fibroblastoma COL1A1-PDGFB, rare other

Fibrous hamartoma of infancy EGFR exon 20 ins/dup



Infantile/Pediatric spindle cell tumors
Diagnosis (Differential Dx) Molecular signature Potential Targeted Therapy 

Congenital/infantile 

fibrosarcoma

ETV6-NTRK3 (~70% of cases) -> TRK-inhibitors

Infantile fibromatoses

- Myofibroma/tosis

- Desmoid type 

- Lipofibromatosis**

- PDGFR-B mutations

- Beta-catenin/APC mutations

- FN1-EGF, EGR1-GRIA1,TPR-

ROS1, SPARC-PDGRB, FN1-

TGFA, ETC!

-> PDGFB Inhibitors (Imatinib)

-> Gamma secretase inhibitors 

(clinical trial)

Giant cell fibroblastoma COL1A1-PDGFB, rare other -> PDGFB Inhibitors (Imatinib) 

Fibrous hamartoma of infancy EGFR exon 20 ins/dup



Diagnosis: Low-grade spindle cell 

neoplasm, favor IFS (over MF)

Å For

ïMorphology

ïClinical presentation

ÅAge, location, locally aggressive

ïKaryotype: Non-random chromosomal gains 

(8, 11, 17, and 20)

Å Equivocal

ï IHC

Å Against

ï ETV6 FISH - NEGATIVE



Neonate with a 6.5 cm lower leg mass 

- Chemotherapy for 1 year (no tx effect)

- New enhancing lesion developed 

- Tumor resected with positive margins 

- Tumor recurred

- Subtotal resection performed

- Chemotherapy given but no change on imaging  

10 months

20 months

6 months

NGS performed to explore possible treatment options 



DNA sequencing with fusion 

detection: TPM3-NTRK1
Å Patient was enrolled on TRK-inhibitor trial

Å Two months later a new patient, first presentation at 2 months, 

now with recurrence :

TPM3-NTRK1



NTRK
ÅNTRK family encode a series of 

tropomyosin-receptor kinases 

(TRKs) 

ÅNTRK1 (1q21-q22) / TRKA

ÅNTRK2 (9q21-22) / TRKB

ÅNTRK3 (15q25) / TRKC

ÅIntegral role in neural development

ÅCell cycle regulation, cellular proliferation, 

and cell differentiation

ÅMutations/fusions first identified in 

cancer in 1980ôs (colorectal 

carcinoma)
Davis JL, Lockwood CM, Albert CM, et al. Infantile NTRK-associated Mesenchymal 

Tumors. Pediatr Dev Pathol. 2018 Jan-Feb;21(1):68-78.
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J Natl Cancer Inst. 2015 Nov 12;108(1).

2015-2016

https://www.ncbi.nlm.nih.gov/pubmed/26563356
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CoccoE et al. NTRK fusion-positive cancers and TRK inhibitor therapy.  Nature Reviews Clinical Oncology. 2018; 18: 731-747. 

Timeline of discovery





TPM3-NTRK1

TPM3-NTRK1

TPM3-NTRK1

TPM3-NTRK1

EML4-NTRK3LMNA-NTRK1



Morphology revisited: 

Literature 2016-2019
Variant NTRK fusions described in pediatric (and 

adult) soft tissue tumors

ï Some described as ñfibromatosis-likeò

ï Some described as ñmyoidò and/or with 

ñHPC-like featuresò

ï Some described as ñIFS-likeò

ï Some described as ñIMT-likeò

Morphology (1976): 

1) Primitive spindle cells either in  

myxoid or collagenized matrix 

2) Inflammatory cell infiltrate, chiefly 

lymphocytes or plasma cells

3) A striking pericytoma-like vascular 

pattern 
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Am J Surg Pathol. 2019; 43(4): 435-445. 

AIMS:  

1) To characterize, including clinical demographics, 
morphology, immunophenotype, and genetics, this 
increasing recognized cohort of ETV6 ñnegativeò NTRK
mesenchymal tumors 

2) Explore the relationship (if any) with IFS harboring the 
canonical ETV6-NTRK3 fusion



36% 

2 BRAF point mutations

1 Homozygous CDKN2A deletion

2 No genetic alteration detected

Case Selection



30 pts:

12 classic fusions, 18 variants

Davis JL et al. Am J Surg Pathol. 2019; 43(4): 435-445. 



Clinical Summary

Å Recurrence 24%

Å Metastasis 12%

Å Overall survival 91% 

ï1/3 of patientôs on targeted 

therapy
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IMT- like Myoid Fibromatosis-like 

Biphasic Hyalinized vessels Nuclear Palisading
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Immunohistochemistry (IHC)

Non-specific conventional 

IHC, +/-patchy expression:

ï SMA (50-60% cases)

ï CD34 (40-65%)

ï S100 (30-60%)

ï CD30 (60-75%)

ïRare desmin

SMA CD34 

S100 CD30
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Immunohistochemistry
PanTRK:  Sensitivity = 95 - 100%  / Specificity = 92 - 100%

TPM3-NTRK1 STRN-NTRK2 ETV6-NTRK3
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Summary: 

Å Variant and classical pediatric NTRK fusion tumors: shared 

overlapping clinical features, morphology, and IHC

ïSuggest related/same entities = IFS

Å IHC: 

ïCommonly employed IHC of limited value 

ïConsistent panTRK expression, thus may be useful diagnostic 

adjunct

Å FISH:  ETV6-base probes failed to detect 36% of ETV6-NTRK

cases and all variants



Å35 cases adequate DNA for molecular testing:

ï86% NTRK

ï6% BRAF

ï6% none

ï2% CDKN2A

Summary: Molecular



9 day old M 

perirectal mass

BRAF point 
mutation


