
Keeping track amidst an explosion of data: What 
is new in mesenchymal neoplasia

By Konstantinos Linos MD, FCAP, FASDP
Bone, Soft Tissue and Dermatopathology
Associate Attending  
Memorial Sloan Kettering Cancer Center
Department of Pathology and Laboratory Medicine
NY, USA



Mesenchymal Neoplasms with NTRK fusions
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Immunohistochemistry for CAMD3 
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Dermatofibrosarcoma 
Protuberans (DFSP)





•t(17;22)(q22;q13)=COL1A1-PDGFB
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Vascular Neoplasms 



Vascular Tumors of Intermediate Malignancy



Retiform Hemangioendothelioma

• Locally aggressive, rarely metastasizing 

• Superficially located, mainly occurs in 
adults

• Preferentially in the skin and subcutaneous
tissue of distal extremities



• Elongated-shaped vessels resembling rete testis

• Similarly to PILA lined by hobnail endothelial cells and 
a/w lymphocytes 

• Intravascular papillary projections absent or very few 

• Closely related to PILA
– ”Hobnail Hemangioendotheliomas”









• Locally aggressive, rarely metastasizing vascular 
neoplasm, containing an admixture of 
histologically distinct components

• Chiefly in adults 
• Very rare pediatric or congenital cases

• Predominantly skin and superficial soft tissues
• High rate of local recurrence (50%)
• Low risk of lymph node (6%) or distant 

metastases(1%)

Composite Hemangioendothelioma



• Retiform Hemangioendothelioma-like

• Epithelioid Hemangioendothelioma-like

• Spindle cell Hemangioma-like

• Low-Grade Angiosarcoma-like 

Morphological patterns 















CD31 Synaptophysin





D2-40 Synaptophysin



Pseudomyogenic Hemangioendothelioma

• Typically young adults with marked male (4:1) 
predilection

• Rare soft tissue of intermediate biological potential
–Propensity for local recurrence or frequent (and 

characteristic) development of additional nodules 
in the same region

–Metastasis is rare
• Conservative management is the mainstay of 

therapy





Radiologic findings

•Diagnostic Pathology: Soft Tissue Tumors 2nd Ed 2015, Elsevier



Microscopic findings 

•Histopathology 2016 
May;68:776-95
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Other Differential Diagnosis

• Spindle cell squamous cell carcinoma
• Cellular benign fibrous histiocytoma
• Smooth muscle neoplasms
• Epithelioid Hemangioendothelioma 















Malignant Vascular Tumors 



Epithelioid Hemangioendothelioma (EHE) and CAMTA1

• Rare low-grade, malignant vascular neoplasm that 
shows endothelial differentiation 

• Less aggressive than angiosarcoma
•Risk of metastasis in ~ 20-30% of cases 
•Death in approximately 15% of cases





• Affects patients of all ages but rare during 
childhood

• Typically solitary lesion on the extremities 
•Can involve larger preexisting vessels 

Multiple cutaneous nodules 
•!!!!Metastasizing deep soft tissue or osseous 
EHE should be ruled out!!!! 

Clinical Features



•Diagnostic Pathology: Vascular 2016 Elsevier







Immunohistochemistry 
POSITIVE
• CD31
• CD34
• ERG
• AE1/AE3 in 25% of cases

NEGATIVE
• S100 protein
• Desmin
• EMA

•CD31



Molecular 
• Recurrent translocation t(1;3)(p36;q25) involving WWTR1 (3q25) and 

CAMTA1 (1p36)
•Approximately 90% of EHE with classic morphology and not identified 
in histologic mimics

• A subset shown to harbor YAP1-TFE3 





•CAMTA1













Antonescu et al, Genes, Chromosomes and Cancer 52, 772-784, 2013
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Angiosarcoma

• Angiosarcoma arises in four typical clinical settings:
–Chronically sun-damaged skin, particularly the 

scalp or face
–Sporadic visceral angiosarcoma
– In the setting of chronic lymphedema (eg, after 

mastectomy in Stewart-Treves syndrome)
– In areas of prior therapeutic radiation, such as for 

the management of breast carcinoma.



• Atypical vascular proliferations, which have 
been described under various nomenclature 
designations, occur in areas of prior radiation

• In some cases may be difficult to distinguish 
from vasoformative angiosarcoma.



MYC

• MYC proto-oncogene is a transcription factor 
located on the long arm of chromosome 8 (8q24.21)

• Nuclear expression of MYC occurs in the vast 
majority of secondary angiosarcomas

• Only very rarely seen in primary angiosarcoma
• Not detected in atypical or benign vascular lesions 

occurring in irradiated skin.
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Angiosarcomas



Atypical Vascular lesion (AVL)





Conclusion

• MYC immunohistochemistry is therefore useful in differentiating 
atypical or benign vascular lesions occurring in irradiated skin from 
secondary postradiation angiosarcomas.











Undifferentiated Round Cell 
Sarcomas



Ewing Sarcoma 

•CD99

•PAX7 





Undifferentiated small round cell sarcomas other than Ewing 

Round cell 
morphology 

similar to Ewing 
Sarcoma

Lack of EWSR1-
ETS

rearrangements 

No other signs of 
a specific line of 
differentiation 



•Largest subset (at least 70%) 

CIC-rearranged sarcoma 
(CIC-DUX4)

Sarcoma with BCOR genetic 
alterations

Round cell sarcoma with 
EWSR1-non-ETS fusions

World Health 
Organization 

2020



•t(4;19) translocation involving CIC-DUX4
•t(10;19) translocation CIC-DUX4L

•Distinct transcriptional signature with poor clinical outcomes



• Wide age range (6-81 years)
– Most commonly present in young adults (mean 30 

years)

• Nearly 90% arise in soft tissues
– Split evenly between extremities and trunk/pelvis
– Minority of cases (10%) in visceral organs

• <5% arise in bone 
– In stark contrast to Ewing Sarcoma 
– Frequent dissemination site in advanced stages









• Upregulation of WT1 and ETV1/4/5 in CIC-
rearranged sarcomas ETV4 (ETS Variant 4)

•Member of the PEA3 subgroup in the ETS 
transcription factor family 



•WT1•ETV4

CD99 CD99 WT1









Ewing Sarcoma Malignant Rhabdoid
• Tumor

Synovial Sarcoma
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Induction of ETS-family transcription 
factors 

FLI-1ERG



Other IHC 

• Focal expression of desmin, S100 protein, 
MUC4, EMA, cytokeratins, and calretinins
have been reported

• NKX2.2 is negative 



IHC

• ETV4 diffusely expressed with nuclear pattern ~93% 
of cases
–Rare cases patchy or negative staining (~3.5%)
–Not entirely specific

• Focal staining 10% Ewing Sarcoma
• Occasionally desmoplastic small round cell 

tumor, rhabdomyosarcoma and melanoma
• Nuclear WT1 positive in 75% of cases 

–N and C terminus quite sensitive for tumors with 
CIC-DUX4 fusions





• ~15% of cases are CIC FISH negative
• Cryptic rearrangements 
• Upregulation of ETV4 appears more 

sensitive than FISH 







A few home take points

• Atypical morphologic findings common in CIC-
rearranged sarcomas

• CIC-sarcomas in bones correspond to secondary site
– Bone primary location exceptional

• Nuclear expression of WT1 C-terminal 
– Ddx DSRCT in the setting of intraabdominal mass

• A subset of EWSR1-ETS and EWSR1-Non ETS round cell 
sarcoma can display atypia and high-grade features



• Calretinin and cytokeratin expression may occasionally be seen
–Ddx carcinoma or mesothelioma

• ERG and FLI1 do not discriminate CIC-sarcoma from Ewing 
Sarcoma 

A few take home points



R

CIC with myxoid changes  
DDx Extraskeletal Myxoid Chondrosarcoma and Myoepithelial tumor



MUC4

Sclerosing epithelioid fibrosarcoma



CIC-rearranged sarcoma mimicking sclerosing epithelioid sarcoma 



CIC with epithelioid features 

ERG



SMARCA4-deficient thoracic sarcoma

CD34

SMARCA4



Nevus, Melanoma or Something Else?
Mesenchymal Tumors with Melanocytic 
Differentiation 
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Malignant melanotic nerve sheath tumor

Acceptable: melanotic schwannoma; psammomatous
melanotic schwannoma; malignant melanotic schwanian 

tumor



• Rare tumor of putative neural crest origin 
• Most often in paraspinal nerve roots and 

gastrointestinal tract 
• Association with other stigmata of Carney 

complex 
•Skin pigmentary abnormalities, myxomas, 
endocrine tumors/endocrine hyperactivity
•Mutations in PRKAR1A gene



Unknown ‘cell of origin”
•Hybrid light microscopic and 
ultrastructural features of Schwann cells 
and melanocytes

Unpredictable behavior 
•13-26% metastases including 
histologically benign-appearing tumors









Myxoid Change “Small cell pattern” “Rippled pattern”



Bone Invasion Pulmonary Metastasis





Fontana-Masson



S100-protein SOX10

MelanA



S100-protein HMB45

Loss of PRKAR1A









Cutaneous malignant melanotic
nerve sheath tumor

• Tend to arise in the trunk (67%)

• Largely equal gender distribution

• Can be associated with Carney Complex (56%)



• Melanotic neurofibroma
• Pigmented Epithelioid Melanocytoma (PEM)
• Variants of blue nevi
• Pigmented Epithelioid Melanoma

Differential Diagnosis





Malignant melanotic nerve sheath tumor vs 
Melanoma

• No individual clinicopathologic features that are 
completely specific 

• Melanotic Schwannoma
•Paravertebral, predominantly spindled, heavy melanin 
pigmentation, psammoma bodies, striking nuclear 
pleomorphism with low mitotic activity 

• Detailed clinical history
• Careful dermatologic examination 



Gene Expression Profiling









• Mesenchymal tumor composed of perivascular 
epithelioid cells (PEC)
•Distinctive neoplastic cell with no known normal 
counterpart

• Unique as it shows immunoreactivity for both 
melanocytic and smooth muscle markers

Perivascular Epithelioid Cell Tumor 
(PEComa)



Group of mesenchymal neoplasms 
•Angiomyolipoma
•Clear cell “sugar” tumor of the lung and 
extrapulmonary sites
•Lymphangioleiomyomatosis
•Clear cell myomelanocytic tumor of the falciform
ligament/ligamentum teres







Histologic Features
• Ill-defined dermal proliferation of epithelioid cells 
• Arrangement in nests and trabeculae within an 

arborizing network of delicate capillaries
• Uniform round to ovoid vesicular nuclei 
• Pink clear or granular cytoplasm 
• Nuclei usually bland
• Low-mitotic activity 
• Occasional multinucleated giant cells



• Distinct immunophenotype
•Melanocytic
•HMB45, MiTF, Melan-A, tyrosinase

•Smooth muscle
•Desmin, SMA, calponin

• HMB45 the most sensitive

• Primary cutaneous less likely to demonstrate 
immunoreactivity for smooth muscle

Immunohistochemistry 









Desmin

MelanAHMB45





HMB45- 94%
MelanA- 35%
NKI/C3- 100%
MiTF- 100%

MSA-17%
SMA-42%
Desmin-30%
Calponin-15%
Caldesmon-8%



Fontana-Masson Perl’s Stain



HMB45











Differential Diagnosis
• Balloon Cell Nevus
• “Clear cell” melanoma
• Clear cell sarcoma

•Lack of strong diffuse positivity for S100-protein and 
SOX10

• Dermal Clear Mesenchymal Neoplasm (DCCMN)
• Metastatic clear cell carcinoma

•Positive for PAX8, RCC, negative for melanocytic 
markers (except melanotic Xp11 translocation renal cell 
cancer) 



• S100-protein and/or SOX10
• MelanA
• HMB45
• SMA
• Desmin



Prognosis











•FISH MITF



Clear Cell Sarcoma





• Usually lesions relatively small (<5cm)
•Primary cutaneous <1cm
•Otherwise similar clinical and pathologic features

• Natural history clinically protracted
•Multiple local recurrences 
•Late metastases in lymph nodes, lung, bone

• Wide local excision with adjuvant radiation





S100-Protein Melan-A









•t(12;22)(q13;q12)
•EWSR1-ATF1

•t(2;22)(q34;q12)
•EWSR1-CREB1













Differential Diagnosis
• Melanoma

• Perivascular Epithelioid Cell Neoplasm (PEComa)

• Cellular Blue Nevus 

• Cutaneous Melanocytic Tumor with CRTC1-
TRIM11 Fusion



Cellular Blue Nevus



Melanoma ex blue nevus









• No activating mutations of the MAP-kinase 
pathway such as BRAF and NRAS 

• No hTERT mutations
• In some cases only a whole gain of chromosome 

7 
• No local recurrences or metastatic evolution 

(short follow-up)





SOX-10 MelanA
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MelanA HMB45
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Dermatofibrosarcoma Protuberans 
(DFSP)

• Giant cell 
fibroblastoma

• Pigmented DFSP 
• DFSP with myoid

nodules
• Fibrosarcomatous

DFSP 
• Myxoid DFSP 



Pigmented DFSP (Bednar Tumor)



• Rapidly growing pigmented neoplasm 
• Typically in infants <1 year-old
• Predominantly involves craniofacial sites
• Biphasic population of melanocytic and primitive 

neuroectodermal cells 

Melanotic Neuroectodermal Tumor 
of Infancy 





Neurospecific enolase Pan Cytokeratin

HMB45 S100



MelanA



MelanA



MelanA

HMB45 MITF





Email: linosk@mskcc.org

@KonstantinosLin

https://www.youtube.com/channel/UCOgv4fITX9qVNu1Waf2uI
RQ

mailto:linosk@mskcc.org
https://www.youtube.com/channel/UCOgv4fITX9qVNu1Waf2uIRQ


Thank you 
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