
Cutaneous Soft Tissue Tumors

By Konstantinos Linos MD, FASDP
Associate Member
Memorial Sloan Kettering Cancer Center, NY



I have no financial disclosures 



Fibroblastic/myofibroblastic tumors 
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Superficial desmoplastic fibroma

Acceptable: collagenous fibroma 

Presenter Notes
Presentation Notes
Desmoplastic fibroblastoma (collagenous fibroma) is a rare soft tissuetumor that usually arises in the subcutis or skeletal muscle. Cases superficial to fasciaare unusual and can cause diagnostic difficulty



Presenter Notes
Presentation Notes
Desmoplastic fibroblastoma (also known as collagenous fibroma) wasfirst described in a seven-case series by Dr. Harry Evans in 1995.1It isa benign fibroblastic/myofibroblastic neoplasm, typically composed ofmedium-sized to large“reactive-appearing”spindled to stellate fibro-blasts sparsely distributed in a fibromyxoid to densely fibrous back-ground.1In his series, three cases were intramuscular and four weresubcutaneous.1In 1998, Miettinen et al. reported a large series of63 cases of desmoplastic fibroblastoma. In their series, the lesions alsohad a wide anatomic distribution, similar to the initial description. Thelesions they observed were predominantly in the subcutis, though fascial and skeletal involvement was common.2Interestingly, mostcases reported were either in the subcutis or deep soft tissue. Despite the large quantity of cases, superficial (dermal) desmoplasticfibroblastoma is seldom reported, mainly as isolated case reports
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Low-power view of one of the cases shows a well-circumscribed lesion with a multinodular growth pattern involving the dermis(A,20x, hematoxylin and eosin [H&E]). On medium power, the nodule is composed of hypocellular spindle cell proliferation set in a uniformlycollagenous stroma (B,40, H&E). High-power review highlighting bland stellate to spindled fibroblasts with no evidence of cytologic atypia(C,100, H&E)
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Low-power view of another case showing a relatively well-demarcated dermal hypocellular spindle cell neoplasm (A,20,hematoxylin and eosin [H&E]). On higher magnification, the cells appear uniform with ovoid nuclei and stellate amphophilic cytoplasm embeddedin a myxocollagenous stroma (B,100, H&E).





FOSL1FOSL1
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Aims:  Although desmoplastic fibroblastoma (DFB)and fibroma of tendon sheath (FTS) are well-established entities, they may show overlapping clinico-pathological features. In addition, cytogenetic datashowing a shared 11q12 rearrangement in a small number of cases suggest a close link between these entities. A recent microarray study revealed up-regu-lation ofFOSL1mRNA in DFBs with 11q12 rear-rangement. The aim of this study was to clarify therelationship between DFB and FTS.Methods and results:  We tested 42 cases diagnosedoriginally as either DFBs or FTSs for interobserverconcordance based on the existing histological criteriaand correlated the diagnosis with FOSL1 immunohis-tochemistry. In addition,FOSL1gene status wasdetermined  by  chromogenicin-situhybridization(CISH). Using joint histological evaluation, 41 of 42tumours  were  classified  unanimously  by  threepathologists into 25 DFBs and 16 FTSs, whereas onlyone case received discordant opinions. Immunohisto-chemically, all DFBs showed diffuse, strong FOSL1nuclear immunoreactivity (25 of 25, 100%), while none of the FTSs showed such overexpression. Noneof the selected 42 DFB mimics overexpressed FOSL1. FOSL1was not rearranged in seven DFBs tested byCISH.Conclusions:  We confirm here that DFB and FTS aretwo distinct entities that can be distinguished usingthe existing histological criteria. This distinction cor-responds perfectly with FOSL1 immunohistochemicalexpression status, and diffuse strong FOSL1 expres-sion specific to DFBs sharpens the border between the two categories. FOSL1 overexpression in DFB may not be caused directly by FOSL1gene rearrangement.FOSL1 may also be a diagnostic aid for differentiating DFB from other histological mimic



EWSR1::SMAD3-rearranged 
fibroblastic tumor
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Were characterized by distinctive nodular growth with zonation pattern of peripheral hypercellular areas arranged in short fascicles, transitioning to hypocellular central areas of hyalinization and infarction. Focal stippled calcification in the collagenous area was present in 1 case. All 3 tumors had similar immunoprofiles, beingnegative for SMA, CD34, CD31, and S100, but showing consistent ERG positivity of uncertain significance. Follow-up information was available in 2 patients who developed local recurrences after incomplete initial excisions, at 5 and 14 months, respectively. None developed metastatic disease. In summary, we report a group of locally recurrent superficial acral tumors, characterized by bland spindle cell fascicular growth, occasional zonation pattern, ERG positivity, and recurrent EWSR1-SMAD3 gene fusions.
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Histologic features of the index case, a heel tumor in a 1-year-old boy. A and B, The tumor presented as a bulging nodule involving the dermis and subcutaneous tissues with infiltrative border. C and D, It is composed of intersecting fascicles of uniform plump spindle cells with fibrillary cytoplasm and bland fusiform nuclei





•ERG
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Histologic features of the additional 2 adult acral spindle cell neoplasms with EWSR1-SMAD3 fusions. A–E, Case #2, a subcutaneous nodule in the foot of a 61-year-old female showing an infiltrative border (A) and a distinctive zonation pattern with hypercellular periphery (B), transitioning to hypocellular collagenous area (C), and an acellular central zone (D). Focal fine calcifications were also present (E). F–H, Case #3, a toe lesion in a 58-year-old female, displayed a similar zonation pattern in the primary lesion (F, G) and the cellular component only in the local recurrent lesion 5 months later. I, All 3 cases showed diffuse and strong ERG immunoreactivity.



•ERG
ERG
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Presentation Notes
Unsupervised clustering of RNAseq data shows the index case (red)clusters with a calcifying aponeurotic fibroma with FN1-EGF fusion (purple), a lipofibromatosis (light blue), and a lipofibromatosis-like neural tumor with TPR-NTRK1 fusion (dark blue), among other soft tissue tumors. E, Left panel: high FN1 mRNA expression in the index case (red),calcifying aponeurotic fibroma (purple), and lipofibromatosis-like neural tumor (dark blue). Right panel ERG mRNA level is significantly upregulated in the index case (red), even at higher levels than 3 angiosarcomas in the same data setQuite unexpectedly was the consistent diffuse and strong ERG immunostaining in all 3 cases. ERG is a known marker for vascular and cartilaginous differentiation,and is often positive in Ewing sarcomas with the variant EWSR1-ERG gene fusion. Remarkably, the RNAseq data from the index case (case #1) showed corresponding high levels of ERG mRNA levels; however, this upregulation was not due to gene amplifications or gene rearrangements, as FISH was negative in 1 case tested. Thus, the mechanism of aberrant ERG expression in this subset of EWSR1-SMAD3 fusion positive fibroblastic tumors remains elusive. Of note,prostate carcinomas with ERG-related fusions show transforming growth factor-beta (TGF-β) signaling pathway activation and up-regulation of several SMAD genes; as it has been shown that ERG coprecipitates and interacts with SMAD3. Another interesting finding is that ERG immunoreactivity has also been reported in phosphaturic mesenchymaltumors, with variable positive rates (38% to 100%). Similar to our cohort, an upregulated FN1 mRNA expression is also seen in a subset of phosphaturicmesenchymal tumors with FN1-FGFR1/FGF1 fusions,suggesting a potential correlation between the FN1 and ERG transcriptional coactivation
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The tumor in case 2 created a single tumorous nodule. A small amount of engulfed adipose tissue is seen on the right (A). The hypercellular fascicles frequently intersected with each other at different angles, and in this case, randomly intermingled with the hyalinized component (B). High power view of the prominently hyalinized component that lacked calcifications with only a few viable spindled cells (C). The bland spindled cell component with elongated, focally wavy nuclei, which were round when observed on cross-section and did not show conspicuous nucleoli (D). Strong nuclear staining with ERG (E). This tumor also showed focal weak to moderate nuclear staining with SAT-B2
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The tumor in case 4 created a single tumorous nodule which featured a distinct zonation pattern with the spindle cell component located at the periphery and central hyalinization (A). The prominently hyalinized component gradually merged with the more peripherally located spindle cell proliferation (B). Strong nuclear staining with ERG (C). Pleomorphism, atypia or mitoses were absent in the spindled cell component
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Both components in case 3 randomly intermingled with each other (A, B). Bland spindled cells with elongated, focally wavy nuclei (C). Strong nuclear staining with ERG



ERG







PRRX::NCOA1/2 
rearranged-fibroblastic 
tumor
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Fibroblastic/myofibroblastic neoplasms represent a broad, and occasionally diagnostically challenging, category of soft tissue neoplasms. A subset of these tumors defy conventional classification. They were composed of monomorphic spindle-stellate cells with a vague fascicular pattern. The nuclei were bland with only rare mitotic activity, and occasional multinucleation. The intervening stroma was typically abundant and ranged from myxoid to collagenous, with frequent rope-like collagen bundles. Three of the cases had a prominent vasculature ranging from numerous small curvilinear vessels to ectatic and branching staghorn-like vessels. Immunohistochemistry was negative for desmin, smooth muscle actin, S100, CD34, keratin, and epithelial membrane antigen. Each of the patients was treated by simple excision and none of the tumors were associated with local recurrence or metastasis. 
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Sharp circumscription and vasculature comprised of small to large thin-walled vessels. B, An area of slit-like and branching vessels. C, Hyalinized vessels and stroma. D, Haphazard arrangement of cells and area of myxoid stroma
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Hypocellular neoplasm with a patternless architecture and ectatic and branching vessels. B,C, Spindle-stellate cells with scant cytoplasm and occasional binucleation. The stroma is myxoid with interspersed collagen bundles in a pattern vaguely reminiscent of neurofibroma. D, This tumour was multinodular and relatively more cellular than the other tumors. Interspersed between nodules there are areas of hyalinized stroma, along with a edema-like change. 
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Higher magnification highlighting spindle-stellate cells with bland ovoid nuclei and pin-point nucleoli. The intervening stroma is loose with wiry CollagenUnsupervised clustering using RNA-seq data showing the three of the study cases (cherry red) appear to cluster with solitary fibrous tumor (green); they appear separate from soft tissue angiofibroma with NCOA2 fusion (blue); dermatofibrosarcoma with PDGFB rearrangement (purple), and PDGFD rearrangement (deep purple); mesenchymal chondrosarcoma with HEY1-NCOA2 (orange); and, other sarcoma types available on the same platform (gray lines).The possibility that these fibroblastic neoplasms with PRRX1- rearrangement might represent a variant of soft tissue Angiofibroma was initially considered. Similar to many other fibroblastic neoplasms, the cell morphology is not particularly distinctive; however, our cohort differed in several important respects. This, most notably, included the pattern of vascularization—whereas soft tissue angiofibroma contains innumerable small branching vessels, the vessels in our cohort ranged from delicate and curvilinear to large slit-like and branching; in a single case the vasculature was inconspicuous and nondescript. The immunophenotype of our cohort likewise differed from soft tissue angiofibroma, as none of our cases were found to express epithelial
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All presented as slow growing subcutaneous nodules, ranging from 26 to 55 mm (median, 40 mm)
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Immunohistochemically, all but one case showed a purely fibroblastic phenotype, with absence of expression of CD34, SMA, desmin, S100 protein, SOX10, ER, MUC4, STAT6, and keratins. The two cases that were tested both retained Rb1 expression. One case showed very limited desmin expression but was negative for all other tested markers (
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All six cases showed irregularly dilated, gaping/ staghorn-like blood vessels (A), often at the periphery or within fibrous bands separating the nodules (B). The tumours showed alternating fibrous and myxoid areas with a relatively sharp demarcation, mimicking low-grade fibromyxoid sarcoma. Hyalinised giant rosettes were seen (E). High-power inspection in some parts of the tumour revealed round to ovoid cells deposited in a densely hyalinised stroma (F). Areas with spindled to ovoid cells against a lightly myxoid stroma with admixed shredded carrot-like ropey collagen fibres, reminiscent of the RB1- deficient family of tumours, were also present (G,H).
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PRRX1 exon 1-NCOA1 exon 13-rearranged fbroblastic tumor with morphologic features reminiscent of low-grade fbromyxoid sarcoma. A Microscopically, the tumor of case 2 is hypocellular and lobulated with myxoid to collagenous matrix (H&E,×40) that contains spindle or stellate cells arranged in a patternless manner (inset,×400). B The intervening stroma is loose with wiry collagen alternating with areas of myxoid change. There are thin-walled, slitlike, small curvilinear, or ectatic gaping vessels featuring perivascular hyalinization (H&E,×40). C A collagenous rosette-like structure is present, reminiscent of low-grade fbromyxoid sarcoma. The tumor cells surrounding the rosette show bland ovoid to plump spindle nuclei with inconspicuous nucleoli (H&E,×100). D An in-frame fusion of PRRX1 exon 1 and NCOA1 exon 13 was detected by RTPCR, with confrmatory Sanger sequencing showing exon composition identical to that of case 1
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Since the publication of the 2020 World Health Organization classification of soft tissue and bone tumors, the classificationof “fibroblastic” tumors has expanded to include a novel subset of tumors characterized by PRRX1::NCOA1/2 gene fusions.These tumors defy conventional classification and are morphologically distinct, characterized by a multi-nodular growthof bland spindle cells suspended in a myxo-collagenous stroma with mild cytologic atypia, “staghorn-like” vessels, andvariable perivascular hyalinization. Mitotic activity is rare, and necrosis is not identified. Herein, we present six additionalcases of PRRX1-rearranged mesenchymal tumors, including five cases with PRRX1::NCOA1 fusion and one case withPRRX1::KMT2D fusion. Three cases (3/6, 50%) demonstrated focal co-expression of S100 protein and SOX10, therebyexpanding the immunohistochemical profile of this emerging entity. Like prior reported cases, there was no evidence of malignantbehavior on short-term follow-up. The novel fusion, PRRX1::KMT2D, further expands the molecular spectrum of thisentity and leads to a proposed revision of the provisional nomenclature to “PRRX1-rearranged mesenchymal tumor” to bothaccommodate non-NCOA1/2 fusion partners and allow for the possibility of partial neural or neuroectodermal differentiation.
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SOX10
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Immunohistochemical stains showed that while several caseswere negative for both S100 protein and SOX10 (A, Case 5), a subsetof cases (4/6, 67%) demonstrated focal expression of S100 protein (B,Case 6). Three cases showed focal positivity for both S100 protein(C, Case 1) and SOX10 (D, Case 1)
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PRRX::NCOAx-rearranged fibroblastic tumor is a recently described, morphologicallydistinctive subcutaneous fibroblastic tumor with benign behavior. To date, 12 caseshave been reported. Here, we report a new case of PRRX::NCOAx-rearranged fibroblastictumor showing a prominent pigmented component. The lesion occurred on theshoulder of a 23-year-old male. It was an at least 2.5 cm subcutaneous tumor with amultinodular and plexiform appearance. Morphologically, the tumor was characterizedby a variably cellular proliferation of uniform oval to spindle cells arranged in fasciclesand cords within a myxocollagenous stroma. Irregular, elongated, dilated vessels wereprominent at the periphery of tumor nodules. In addition, nests and clusters ofpigment-laden epithelioid and dendritic cells were present. Immunohistochemically, thenon-pigmented tumor cells showed patchy positivity for factor XIIIa and focal positivityfor S100 protein. The pigmented cells were positive for S100 protein, SOX10, MITF,and a pan-melanocytic cocktail (Melan-A, HMB-45, and tyrosinase). Next-generationRNA sequencing identified an in-frame PRRX1::NCOA1 fusion. In summary, this casehighlights a rare pigmented variant of PRRX::NCOAx-rearranged fibroblastic tumor,expanding the morphologic spectrum of this newly described mesenchymal tumor.FIGURE 2 The tumor hadprominent irregular, branching,and variably dilated blood vessels(A) with regional variation incellularity including hypocellularcollagenized nodules (B). The cellswere arranged in cords and loosefascicles (C) and surrounded byareas of myxoid change andprominent collagen bundles (D).There were scattered clusters ofheavily pigmented dendritic cells(E–G) that were focallyconcentrated around vessels (F).H&E stains, originalmagnifications, 20(A), 40 (B), 100 (C), 200 (D),40 (E), 80 (F), and 200 (G)
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Although stromal fibroblasts play a critical role in cancer progression, their identities remainunclear as they exhibit high heterogeneity and plasticity. Here, a master transcription factor(mTF) constructing core-regulatory circuitry, PRRX1, which determines the fibroblast lineagewith a myofibroblastic phenotype, is identified for the fibroblast subgroup. PRRX1 orchestratesthe functional drift of fibroblasts into myofibroblastic phenotype via TGF-β signaling byremodeling a super-enhancer landscape. Such reprogrammed fibroblasts have myofibroblasticfunctions resulting in markedly enhanced tumorigenicity and aggressiveness of cancer.PRRX1 expression in cancer-associated fibroblast (CAF) has an unfavorable prognosis inmultiple cancer types. Fibroblast-specific PRRX1 depletion induces long-term and sustainedcomplete remission of chemotherapy-resistant cancer in genetically engineered mice models.This study reveals CAF subpopulations based on super-enhancer profiles including PRRX1.Therefore, mTFs, including PRRX1, provide another opportunity for establishing a hierarchicalclassification system of fibroblasts and cancer treatment by targeting fibroblasts.



Dermatofibroma
(benign fibrous 
histiocytoma)
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the most common mesenchymal tumor of skin. This tumor type arises over a wide age range (with a peak incidence in young to middle-aged adults) andanatomic distribution (with a predilection for the trunk and extremities).
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Cellular dermatofibroma. a The tumor is relatively well-circumscribed with an expansile appearance. b There is overlying epidermal hyperplasia. c Lateral entrapment of hyaline dermal collagen is a characteristic finding. d The tumor shows a predominantly fascicular architecture and is composed of spindle cells with fine chromatinand pale eosinophilic cytoplasmIn addition to the general features of dermatofibroma listed above, cellular dermatofibromas (and the other variants discussed below) often show entrapment of superficial subcutaneous fat; small foci of central necrosis are found in around 10% of cases



Cellular Dermatofibroma

• Often superficial entrapment of adipose tissue

• Around 10% central necrosis

• Focal CD34 + in ~5% of cases

• IHC limited role
• Factor XIIIa NOT useful 

• Stains dermal fibroblasts (“dendrocytes”)
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although nearly all cases show multifocal staining for SMA (see Table 3). The immunophenotypic findings support myofibroblastic differentiation. Although immunohistochemistry for factor XIIIa is widely used in dermatopathology practice, in fact this marker is usually expressed in reactive dermal fibroblasts(“dendrocytes”) that surround the tumor, less often in tumor cells;
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Aneurysmal dermatofibroma. a The tumor contains blood-filled cystic spaces. b There is fine hemosiderin in foam cells admixed with tumor cells adjacent to the areas of hemorrhage. c Overlying epidermal hyperplasia is a typical finding. d The tumor extends into the superficial subcutaneous fat 
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Entrapment of lateral hyaline dermal collagen. f The neoplastic spindle cells show a storiform growth pattern. Note the hemorrhage and touton-typegiant cells



•Atypical dermatofibroma
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Similar to other dermatofibroma variants, the tumor is relatively circumscribed and shows overlying epidermal hyperplasia. b The tumor shows a variably fascicular-to-storiform growth pattern. c Entrapment of hyaline dermal collagen is a helpful diagnostic clue. d The degree of nuclear atypia and pleomorphism can be striking.Without careful attention to the other histologic features, there is significant risk for misdiagnosis as sarcoma. Atypical mitoses can be seen. 
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BFHs were found to harbor recurrent fusions of genes encoding membrane-associated proteins (podoplanin, CD63 and LAMTOR1) with genes encoding protein kinaseC (PKC) isoforms PRKCB and PRKCD. PKCs are serine–threonine kinases that through their many phosphorylation targets are implicated in a variety of cellular processes, as well as tumor development.When inactive, the amino-terminal, regulatory domain of PKCs suppresses the activity of their catalytic domain. Upon activation, which requires several steps, they typically translocate to cell membranes, where they interact with different signaling pathways. The detected PDPN-PRKCB, CD63-PRKCD and LAMTOR1-PRKCD gene fusions are all predicted to result in chimeric proteins consisting of the membrane-binding part of PDPN, CD63 or LAMTOR1 and the entire catalytic domain of the PKC. This novel pathogenetic mechanism should result in constitutive kinase activity at an ectopic locationincluding a novel KIRREL/PRKCA chimera. Thus, also a third member of the PRKC family is involved in FH tumorigenesis. these gene fusions are only found in a minority of cases; it is likely that other gene rearrangements will be discovered in dermatofibromas in due course.



NOT to be confused with 
Angiomatoid Fibrous Histiocytoma!!!
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Angiomatoid fibrous histiocytoma (AFH) was first described by Dr Enzinger (mentor of Dr Sharon Weiss) in 1979 as angiomatoid malignant fibrous histiocytoma. Following studies by Dr Weiss and Dr Mietinnen and colleagues the tumor was subsequently renamed AFH to reflect the rarity of metastasis and its overall good prognosis. AFH is a distinctive fibrohistiocytic tumor of intermediate malignancy. The tumor has a high rate of local recurrence (20% to 40%) but metastasis is rare (<5%) (to lymph nodes and exceptionally rare to lungs and other sites). It typically presents in children and young adults as cutaneous/subcutaneous nodules, usually on the extremities
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That being said, it may present at any age and in a variety of anatomic sites, including such diverse locations as the lungs, mediastinum, vulva, retroperitoneum, hard palate, bone, and orbit. Occasionally, there may be systemic symptoms such as weight loss and night sweats. 
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Microscopically it has a circumscribed silhouette delineated by a fibrous pseudocapsule containing lymphoid aggregates. Most typically, the tumor is composed of histiocytic cells with a sheet-like to swirling growth pattern with dilated pseudovascular spaces lined by compressed tumor cells and hemosiderin deposits within the tumor. Interestingly, in perhaps the largest series of AFH, the dilated pseudovascular spaces from which the tumor derives its namesake were present in about 50% of cases. In tumors with these characteristic histologic features, the diagnosis is often relatively straightforward.
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Unfortunately, AFH has a much wider range of histologic appearances than is widely recognized with various architectural features (a) Comprising coalescent pale-staining nodules with interspersed lymphoid follicles and plasma cells. (b) Closely packed, large, light-staining tumor nodules. (c) Anastomosing plexiform islands of tumor separated by a sclerotic stroma infiltrated by chronic inflammatory cells. (d) tumor nodules assuming a serpentine configuration. The intervening stroma is infiltrated by chronic inflammatory cells
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Cytological features can vary too (a) Spindly tumor cells with uniform pale-staining nuclei. There are admixed plasma cells  (b) Oval tumor cells with fine nuclear chromatin. There are occasional cells with larger and more hyperchromatic nuclei (case 2). (c) Oval tumor cells with a clear cytoplasm.   d) Focal presence of small cells—tumor cells in the left field show a high nuclear-cytoplasmic ratio and slightly smaller nuclei compared with the rest of the tumor 
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Perhaps the histologic feature that is most expletive inducing is the presence of marked pleomorphism. Marked cytologic atypia causes confusion with pleomorphic undifferentiated sarcoma 
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Obviously, mistaking a tumor of intermediate malignancy such as AFH, for a pleomorphic undifferentiated sarcoma has serious implications for the patient. Key to the recognition of AFH in such situations is the presence of features encountered in more conventional cases. The presence of a fibrous pseudocapsule and lymphoid aggregates are the most helpful clues to the diagnosis when morphologic variants are encountered.
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In conclusion, AMFH may rarely present with prominent myxoid stroma, making the correct diagnosis more difficult and potentially leading to confusion with other myxoid soft tissue tumors, including low-grade sarcomas. Characteristic morphologic features are recognizable in the majority of cases, and expression of desmin and EMA in ~50%, as well as frequent EWSR1 or FUS rearrangement, may be of additional help in confirming the diagnosisSpindle-shaped tumor cells with ovoid or tapering nuclei in areas with prominent myxoid matrix (H&E) and (B) densely packed histiocytoid cells in more solid areas
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Some tumors showed a focally heterogenous growth pattern, including solid nodules, stromal hyalinization, and nodules with a prominent myxoid matrix. B, Occasionally, cystic degeneration and mucin pools were observed. C, Inconspicuous thin-walled branching blood vessels, sometimes with a curvilinear appearance, were observed in some tumors. D, Areas of hemorrhage with erythrocytes and hemosiderin deposition were sometimes observed. Scattered giant cells were detected in a subset of tumors 



•DESMIN •EMA

•CD68
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In terms of ancillary studies, immunohistochemistry can be helpful but is largely supportive rather than definitively diagnostic. Roughly 50% of cases are positive for desmin, EMA, CD68, and/or CD99.9 The immunophenotype also has diagnostic pitfalls. As AFH is frequently encountered in children and young adults, desmin immunoreactivity could prompt consideration of the diagnosis of rhabdomyosarcoma. This is especially true in tumors with pleomorphism, and we have encountered cases of AFH misdiagnosed as rhabdomyosarcoma for this reason. Fortunately, AFH is consistently negative for skeletal muscle specific markers myogenin and MYO-D1.



•t(2;22)(q33;q12) EWSR1/CREB1
•t(12;22)(q13;q12)=EWSR1/ATF1

•t(12;16)(q13;p11)= FUS/ATF1
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Presentation Notes
Molecular studies have emerged as the best ancillary tool in the diagnosis of AFH with unusual histologic features. Cytogenetically AFH has 1 of 3 different recurring translocations: t(12;16)(q13;p11) resulting in a FUS/ATF1 fusion gene, t(12;22)(q13;q12) resulting in a EWSR1/ ATF1 fusion, and t(2;22)(q33;q12) resulting in a EWSR1/CREB1 fusion. The last seems to be the most common translocation variant, which is present in approximately 70% of cases. Given the sometimes confusing morphologic pattern and inconsistent immunophenotype, fluorescence in situ hybridization (FISH) to detect evidence of a translocation has become invaluable in the diagnosis of this tumor. FISH using break-apart probes for either EWSR1 or FUS is positive in 80% or more of cases. In difficult cases, a reasonable approach is to perform FISH for EWSR1 first and reserve FUS FISH for EWSR1 negative cases. It should be pointed out that in a small proportion of AFH, FISH studies will be negative. This could be the result of technical issues, a cryptic translocation not detectable by FISH or the tumor may harbor an as yet unidentified translocation. As with immunohistochemical stains, interpretation of FISH results needs to be accomplished in the correct histologic context, as Ewing sarcoma, clear cell sarcoma, and a subset of myoepithelial tumors also harbor translocations involving EWSR1.
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AFH4 is composed of nodules of ovoid cells with vague whorling (H&E) (A), which is positive for D5F3 (B). IMT6 alsoshows a whorled architecture with a prominent inflammatory background (H&E) (C) and is also positive for D5F3 (D). H&Eindicates hematoxylin and eosin





PanTRK ALK
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Angiomatoid fibrous histiocytoma (AFH) is a soft tissue tumour of intermediate (rarely metastasising) malignant potential, which harbours EWSR1/FUS gene fusions. These tumours can express anaplastic lymphoma kinase (ALK) in the absence of gene rearrangement or copy number alteration and can also coexpresses Pan-TRK immunohistochemistry (IHC). All EWSR1/FUS-rearranged AFH were retrieved from the files of three institutions and Pan-TRK (EPR17341), ALK and BRAF V600E IHC were performed. Fourteen AFH cases were identified, which included three cases of intracranial mesenchymal tumours with FET-CREB fusions. PanTRK and ALK positive immunostaining was identified in 9 (64.2%) and 12 (85.7%) cases, respectively. No NTRK or ALK translocations or increased copy number/amplification were identified in all eight cases which had fluorescence in situ hybridisation and/or next generation sequencing for NTRK1-3 and ALK available for assessment. None of the cases expressed BRAF-V600E. Although our study is limited, our report is the first to document PanTRK expression in AFH in the absence of identifiable NTRK1-3 gene alterations
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ATF1, CREB1, and CREM constitute a subfamily of the basic leucine zipper (bZIP) superfamily of transcription factors. This group of proteins, collectively known as CREB family of transcription factors
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Myxoid variant of angiomatoid fibrous histiocytoma with EWSR1-CREM (cases 2 to 4). All 3 tumors showed multinodular myxoid tissues surrounded by a prominent lymphoid cuff (A). The tumors consisted of uniform spindle or round cells in a reticular pattern (B, C). Nonmyxoid nodules were focally present



Dermatofibrosarcoma Protuberans 
(DFSP)
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Clinically, DFSP usually presents in young to middle aged adults, most commonly on the trunk or proximal extremities, but a wide age range may be affected and almost any location can be involved. Clinical appearance. (A) Dermatofibrosarcoma protuberans (DFSP) as an asymptomatic, indurated plaque. (B) Protuberant nodules within plaque of DFSP (C) Multinodular DFSP . (D) DFSP as a unique nodule.
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Histologically, DFSP is composed of uniform hyperchromatic spindled cells deposed in a storiform growth pattern and typically infiltrates into the subcutaneous fat in a characteristic “honeycomb” fashion.Although 5% of cellular dermatofibromas also express CD34, in those tumors staining is typically only focal or patchy, in contrast to the uniform and strong pattern ofstaining in dermatofibrosarcoma protuberans
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Of note there is a risk of misdiagnosis of the benign neoplasm cutaneous perineurioma as dermatofibrosarcoma protuberans in a limited biopsy (particularly without knowledge of the clinical appearances of the lesion), given their similar architectural patterns (i.e., both show storiform architecture) and shared CD34 expression; EMA and claudin-1 expression supports perineurioma in this context 



• Giant cell fibroblastoma
• Pigmented DFSP (Bednar’s tumor)
• DFSP with myoid nodules
• Myxoid DFSP
• Fibrosarcomatous DFSP
• Plaque-like DFSP (atrophic DFSP)
• Sclerosing DFSP (sclerotic DFSP)
• Granular cell DFSP 

Variants of DFSP



Pigmented DFSP (Bednar Tumor)
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(A) The Bednar tumor is a pigmented variant of DFSP characterized by spindle cells mixed with a variable population of melanin-bearing dendritic cells (H&E stain, 40). (B) This view shows spindled character of cells and abundant pigment (H&E stain, 100). (C)
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Unusual histologic variants of DFSP. A–C, This tumor was composed of areas featuring storiform pattern with myoidnodules (A1) and areas having myxoedematous stroma with ectatic thin-walled vessels (hematoxylin and eosin) (A2). B1 and B2,Floret-like multinucleated giant cells reminiscent of GCF were present in both regions (hematoxylin and eosin). D–F, Section revealed (D1) a deeplyinfiltrative tumor permeating through skeletal muscle bundles (hematoxylin and eosin). D2, Arborizing thin-walled vessels wereenriched in myxofibrosarcoma-like areas (hematoxylin and eosin) exhibiting cellular proliferation of pleomorphic epithelioid cells(E1) and hypocellular growth of atypical spindle to stellate cells embedded in a loose myxoid stroma (hematoxylin and eosin
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One of the problematic variants with potential problems for misdiagnosis is the myxoid DFSP which is quite rare. 
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In myxoid DFSP, there is an abundant myxoid stroma that results in the loss of the characteristic storiform growth pattern and accentuation of the underlying vasculature, which is not readily apparent in conventional DFSP (Fig. 3A). The vasculature may be hyalinized vessels or delicate and branching, reminiscent of the vasculature of myxoid liposarcoma. The tumor cells frequently take on a more stellate rather than purely spindled morphology (Fig. 3B). Interestingly and somewhat counter intuitively, the advancing edge of myxoid DFSP may have a more nodular, pushing border rather than the typical diffusely infiltrative growth pattern of conventional DFSP. Careful examination will reveal at least focal areas with infiltrative growth in myxoid DFSP



•CD34
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Sampling is critical in myxoid DFSP; areas of conventional DFSP are present in >60% of cases. (left picture)  Other DFSP variants may also be present in a minority of cases. Myxoid DFSP retains immunoreactivity for CD34 but it may be patchy and less intense than conventional DFSP.



•Am J Surg Pathol. 1999 Aug;23(8):910-7
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Superficial angiomyxoma may be especially difficult to distinguish from myxoid DFSP based on limited biopsy material, as the morphology of the individual tumor cells can be strikingly similar and superficial angiomyxoma may also be CD34 positive. However, superficial angiomyxoma is usually restricted to the dermis. The growth pattern is the most important distinguishing factor. Superficial angiomyxoma has a lobular rather than infiltrative growth pattern and is less uniformly cellular. The presence of entrapped epithelial structures and stromal neutrophils may be helpful. DFSPs do not have entrapped adnexal structures, 



•Superficial Angiomyxoma

•Myxoid DFSP
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It should be pointed out that perivascular neutrophils may be present in up to 10%to 30%of myxoid DFSPs.



•t(17;22)(q22;q13)=COL1A1-PDGFB
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Genetically, DFSP is characterized by a reciprocal translocation t(17;22)(q22;q13) or more often as a supernumerary ring chromosome involving also chromosomes 17 and 22. These chromosomal rearrangements lead to a fusion of the COL1A1 gene in chromosome 17 the PDGFB gene in chromosome 22. The main consequence of the t(17;22)(q22;q13) is the overproduction of PDGFB by the tumor cells, which leads to the constitutive activation of the PDGFB receptor, a type III tyrosine kinase receptor. The recognition of this autocrine and paracrine action mechanism has given rise to the suggestion that the tyrosine kinase inhibitors (TKI) such as imatinib mesylate could be therapeutic options for DFSP patients as neoadjuvant treatment to reduce tumor size in locally advanced tumors or in cases presenting metastatic disease. The t(17;22)(q22;q13) can be detected either by FISH on interphase nuclei and/or by multiplex reverse transcription polymerase chain reaction (RT-PCR) for detecting the COL1A1/PDGFB fusion transcripts. Using both RT-PCR and FISH strategies, some authors have identified the COL1A1/ PDGFB rearrangements in up to 96% of cases. Specifically for the myxoid variant the percentages are lower presumably because of low cellularity. 
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Dermatofibrosarcoma protuberans is underlined by recurrent collagen type I alpha 1 chain-platelet-derived growth factor B chain (COL1A1-PDGFB) fusions but ~ 4% of typical dermatofibrosarcoma protuberans remain negative for this translocation in routine molecular screening. We investigated a series of 21 cases not associated with the pathognomonic COL1A1-PDGFB fusion on routine fluorescence in situ hybridization (FISH) testing. All cases displayed morphological and clinical features consistent with the diagnosis of dermatofibrosarcoma protuberans. RNA-sequencing analysis was successful in 20 cases. The classical COL1A1-PDGFB fusion was present in 40% of cases (n = 8/20), and subsequently confirmed with a COL1A1 break-apart FISH probe in all but one case (n = 7/8). 55% of cases (n = 11/20) displayed novel PDGFDrearrangements; PDGFD being fused either to the 5′ part of COL6A3 (2q37.3) (n = 9/11) or EMILIN2 (18p11) (n = 2/11). All rearrangements led to in-frame fusion transcripts and were confirmed at genomic level by FISH and/or array-comparative genomic hybridization. PDGFD-rearranged dermatofibrosarcoma protuberans presented clinical outcomes similar to typical dermatofibrosarcoma protuberans. Notably, the two EMILIN2-PDGFD cases displayed fibrosarcomatous transformation and homozygous deletions of CDKN2A at genomic level. We report the first recurrent molecular variant of dermatofibrosarcoma protuberans involving PDGFD, which functionally mimic bona fide COL1A1-PDGFB fusions, leading presumably to a similar autocrine loop-stimulating PDGFRB. This study also emphasizes that COL1A1-PDGFB fusions can be cytogenetically cryptic on FISH testing in a subset of cases, thereby representing a diagnostic pitfall that pathologists should be aware of.
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Transcriptomic classification of dermatofibrosarcoma protuberans. Unsupervised hierarchical clustering, using the top 10% most variant genes based on interquantile range, comparing PDGFB-rearranged dermatofibrosarcoma protuberans (n = 8, including 3 “conventional” dermatofibrosarcomas protuberans positive for PDGFBrearrangement using FISH analysis), PDGFD-rearranged dermatofibrosarcoma protuberans (n = 9), infantile fibrosarcomas (n = 7), clear cell sarcomas of soft tissue (superficially seated) (n = 2), ALKrearranged Spitzoid neoplasms (n = 5), and NTRK1/3-rearranged Spitzoid neoplasms (n = 7). Branches depicted with colors within thedendrogram were found significant (p value < 10e-5) by SigClust clustering significance assessment. Samples are listed in Table 1 and Supplementary Table 4. Infantile fibrosarcomas are highlighted in purple, low grade fibromyxoid sarcomas in orange, spitzoid neoplasms in yellow, clear cell sarcomas in light red, and dermatofibrosarcoma protuberans in red





81

Presenter Notes
Presentation Notes
EMILIN2-PDGFD-positive DFSPs (n=6) preferentially demonstrated near exclusively subcutaneous growth (n=5, 83%) and fibrosarcomatous transformation (n=5, 83%). In conclusion, 8.6% of DFSPs are negative for PDGFB break-apart FISH, which, especially those with challenging subcutaneous and circumscribed manifestation, requirecomplementary diagnosis by FISH assays targeting COL1A1 and PDGFD. Those with cryptic COL1A1-PDGFB fusion frequently exhibit gains of 5′-COL1A1. Regarding PDGFD-rearranged DFSPs, COL6A3-PDGFD-positive cases show a striking preference for the trunk of females, including the breast, while those harboring EMILIN2- PDGFD are male-predominant, near exclusivelysubcutaneous, and mostly FS.
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CD34
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Background: Dermatofibrosarcoma protuberans (DFSP) is a superficial fibroblastic tumor characterized by high rate of local recurrence and low metastatic potential. Fibrosarcomatous transformation can rarely arise in DFSP either de novo or as recurrent, which represents a form of tumor progression and carries an increased risk of metastasis over classic DFSP. Cytogenetically, DFSP is characterized by a recurrent unbalanced chromosome translocation t (17; 22)(q22;q13), leading to the formation of COL1A1-PDGFB fusion transcript that is present in more than 90% of cases. Alternative fusions involving the PDGFD with partners of COL6A3 or EMILIN2 have recently been documented in less than 2% of cases. Herein, we report a DFSP with fibrosarcomtous morphology harboring a novel TNC-PDGFD fusion. Case presentation: A 54-year-old female presented with a slowly growing mass in the right thigh. Excision demonstrated a 2-cm ovoid, well-circumscribed, gray-white, mass. Microscopic examination revealed a partially encapsulated subcutaneous nodule without dermal connection. The neoplasm was composed of cellular and fairly uniform spindle cells with brisk mitoses, arranged in elongated fascicles and herringbone patterns, with focal collagenized stroma. The neoplastic cells were positive for CD34 and smooth muscle actin. Fluorescence in-situ hybridization analyses showed negative for COL1A1-PDGFB fusion as well as NTRK1/2/3 rearrangements. A subsequent RNA sequencing detected an in-frame fusion between exon 15 of TNC and exon 6 of PDGFD. This fusion was further confirmed by nested reverse transcription polymerase chain reaction amplification followed by Sanger sequencing. A diagnosis of fibrosarcomatous DFSP was rendered and the patient was in good status at a follow-up of 12 months after the operation. Conclusions: We report a fibrosarcomatous DFSP with novel TNC-PDGFD fusion, which adds to the pathologic and genetic spectrum of PDGFD-rearranged DFSP
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CD34
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) The lesion consists of a well-circumscribed and poly-lobed dermal mass; (B) any connection to the epidermis is observed; (C) neoplastic spindle cells have oval, folded or indented nuclei and palely eosinophilic cytoplasm; (D) tumours cells are arranged around dense hyalin collagen (H&E stain).However, in our observation, the well-delimitated nodular silhouette, the lack of infiltration, the hyaline hypocellular areas and the negativity of CD34 were not in keeping with the diagnosis of DFSP. Therefore, although confirmation of more cases is required for further characterisation, the morphological and immunohistochemical characteristics observed in these two cases suggest that superficial TNC::PDGFD-rearranged spindle cell tumours may constitute a distinct entity
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A total of 337 tumors represented in whole tissue sections and tissue microarrays, including 37 cases of DFSP and 300 histologically similar spindle cell tumors, were subjected to PDGFB RNA CISH using commercially available probes. PDGFB overexpression was observed by light microscopy in 24 of 26 conventional DFSPs (92%) and 11 of 11 fibrosarcomatous DFSPs (100%). One of two DFSPs negative for PDGFB by RNA CISH was found to harbor an uncommon alternative rearrangement involving PDGFD. All examined cases of histologic mimics were negative for PDGFB overexpression; limited PDGFB expression, not reaching an empirical threshold of greater than 5 puncta or one aggregate of chromogen in more than 25% of cells, was observed in 7 of 300 mimics (2.3%), including desmoplastic melanoma, malignant peripheral nerve sheath tumor, angiosarcoma, and pleomorphic dermal sarcoma. Vascular PDGFB expression was seen in several tumor types. We conclude that PDGFB RNA CISH, with careful interpretation and the use of appropriate thresholds, may serve as a surrogate marker of PDGFB rearrangement and a useful ancillary tool for the diagnosis of DFSP.g diffuse and strong PDGFB expression in a conventional DFSP with characteristic storiform architecture (A, B
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PDGFB expression in DFSP can manifest by RNA chromogenic in situ hybridization as numerous small puncta (C, D) or as larger subcellular aggregates (E, F). Insets represent PDGFB RNA chromogenic in situ hybridization at high magnification.



•PDGFB RNA In situ hybridization in FS-DFSP

•CD34

•Lack of expression in PDGFD-rearranged DFSP
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In our study, fibrosarcomatous DFSP unexpectedly showed qualitatively stronger PDGFB expression than conventional DFSP, a feature that may reflect genomic gains of COL1A1-PDGFB known to occur with fibrosarcomatous transformation
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Genetic characterization of the second PDGFB RNA CISH-negative case was not performed.All tumors in a broad morphologic differential diagnosis of both conventional and fibrosarcomatous DFSP were negative for PDGFB overexpression when a threshold ofmore than 5 puncta or at least one chromogen aggregate in greater than 25% of neoplastic cells was used to determine positivity.Vascular PDGFB staining was often strong, frequently exceeding 5 puncta or one aggregate within an individual endothelial cell. Despite this level of expression in tumor-associated vessels, the angiosarcomas examined in this study lacked PDGFB overexpression, with one case of angiosarcoma showing limited expression manifesting as 1–2 puncta in approximately 15% of tumor cells.



•Limited expression in pleomorphic dermal sarcoma

•Solitary fibrous tumor with vascular PDGFB expression



Fibrosarcomatous DFSP 
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Fibrosarcomatous dermatofibrosarcoma protuberans. a The tumor shows a fascicular fibrosarcoma-like architecture and contains elongated spindle cells with vesicular chromatin. b “Myoid nodules” are sometimes seen in dermatofibrosarcoma protuberans, most often in the fibrosarcomatous variant.



Often loss (or decreased) of CD34

Acquisition of metastatic potential (10-15%)
• Most often lungs

External-beam radiation therapy can be considered

Giant cell fibroblastoma does not transform

Fibrosarcomatous DFSP
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Analogous to dermatofibrosarcoma protuberans, giant cell fibroblastoma harbors a similar t(17;22) with COL1A1-PDGFB, but often in a balanced translocation with linear (not ring) chromosomes
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a high rate of partial responses and stable disease, and a low rate of complete responses. Imatinib can be used in the neoadjuvant setting to “downstage” patients with recurrent dermatofibrosarcoma protuberans arising in difficult anatomic locations (such as the axilla or vulva) prior to surgery, in order to avoid significant morbidity . Unfortunately, imatinib is less effective for patients with metastatic fibrosarcomatous dermatofibrosarcoma protuberans
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 Oh et al. proposed a clonal evolution model to explain imatinib resistance in DFSP by analyzing whole exome sequencing data of serial tumorsamples obtained from a patient with a 10-year history of recurrent and metastatic DFSP [62]. They found the breakpoint of COL1A1-PDGFB was identical in all sample series. However, the somatic mutation pattern was completely different and new focal amplification which had not been observed in the primary clone before metastasis was also observed. These results imply the emergence of a new subclonal population of cells that became dominant as a result of selective pressure, such as radiotherapy, chemotherapy, or specific drugs
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COL1A1::PDGFBfusion uterine sarcoma is a rare uterine mesenchymal tumor withsome clinicopathological features that overlap with those of soft tissue dermatofibro-sarcoma protuberans. However, the varied clinicopathologic and genetic characteris-tics have not been fully revealed, which may be a potential pitfall for diagnosis. Here,we present a case ofCOL1A1::PDGFBfusion-positive uterine sarcoma in a 49-years-old female. Histologically, the tumor from the initial marginal excision predominantlyexhibited high-grade fibrosarcomatous and myxofibrosarcoma-like appearances, whilea low-grade focal area displaying storiform growth was identified in the residual tumorafter subsequently extended resection. Immunohistochemically, the high-grade com-ponents mainly exhibited focal positivity for CD34 and mutated-type p53 immunore-activity, whereas the low-grade component showed diffuse positivity for CD34 andwild-type p53 staining. TheCOL1A1::PDGFBfusion was confirmed by fluorescence insitu hybridization and next-generation sequencing. In addition, theTERT-124 C > Tmutation was further identified in this lesion's fibrosarcomatous and classic storiformcomponents. To the best of our knowledge, this is the first described case ofCOL1A1::PDGFBfusion uterine sarcoma with aTERTpromoter mutation, which might be a novelgenetic finding associated with tumorigenesis of this rare tumor



Vascular tumors



“Conventional”subtype

“Angiolymphoid hyperplasia with eosinophilia subtype”

“Cellular subtype”

Epithelioid hemangioma
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Recent genetic studies have raised the question of whether these three morphologic subtypes represent distinct clinical entities
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Left- This tumor is composed of a lobular proliferation of capillaries lined by plump epithelioid endothelial cells with abundant eosinophilic cytoplasm. Typically present is an inflammatory infiltrate with lymphoid aggregates, often with germinal center formation and admixed eosinophilsRight- Epithelioid hemangioma. This high-power image of epithelioid hemangioma illustrates the plump endothelial cells lining the capillaries and numerous admixed eosinophils (Hematoxylin-eosin,
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Intravascular epithelioid hemangioma. Intravascular variants are well-circumscribed lesions and have a less prominent inflammatory component. (B) Intravascular epithelioid hemangioma. Well-defined vascular channels are less conspicuous, but the endothelial cells have the characteristic epithelioid morphology. Admixed eosinophils are present in association with the lesion



IHC 
Positive for vascular markers 
•CD31, CD34, ERG
•Also positive for D2-40

Pitfall!! 
•Immunoreactivity for EMA and keratins may be seen
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The genetic hallmark of epithelioid hemangioma (EH) is the presence of recurrent gene fusions involving FOS and FOSBtranscription factors, which occur in one-third of the cases.
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Figure 4. Morphologic spectrum of FOSB-rearranged EH tumors. (A) Index EH1 case of a tibial metaphyseal lytic lesion showing well-formedvasoformative features; (B) WWTR1-FOSB positive of index EH2 showing typical tombstone pattern; (C) a cellular example of EH with predominant solid component and atypical cytomorphology, with enlarged vesicular nuclei with prominent nucleoli (EH3); (D) solid growth with prominent blister cells (EH6); (E) EH with nuclear enlargements and prominent nucleoli, abundant glassy eosinophilic cytoplasm; and (F) areas of necrosis (EH8).
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FOS-B staining in a cellular EH in the penis. A, Multicentric solid neoplasms located in the dermis. B, Epithelioid cells with vascular intracytoplasmic lumina. Mild to moderate pleomorphic nuclei. C, FOS-B positivity in the epithelioid cells. D, Closer view to show the strong nuclear positivity in the epithelioid tumoral cells.Although epithelioid hemangiomas recur in approximately one-third to one-half of cases, virtually none have metastasized and none caused death. Indeed, the report of micrometastasis in the regional lymph node of one patient reported by Reed and Terazakis30 appears to be an extraordinarily unique finding. Simple excision is adequate treatment.



FOS-B FOS
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Introduction. Epithelioid hemangioma is a benign vascular neoplasm associated with FOS and/or FOSB protein overexpressiondetected by immunohistochemistry (IHC). Methods. The aim of our study was to determine the co-expression orindependent IHC expression of FOS and FOSB in a cohort of epithelioid hemangiomas.We also included two cohorts ofother vascular lesions: papillary endothelial hyperplasia and lobular capillary hemangioma / pyogenic granuloma. Results.We identified 50 cases of epithelioid hemangioma, 84% of which were cutaneous and the remaining involved other anatomiclocations. Over two thirds of all cases expressed FOSB (68%; 34/50) while FOS immunoreactivity was identified in46% of all cases. Co-expression of FOSB and FOS occurred in 37% of cases while 76% of all cases stained for at least oneof the antibodies. Fifty-eight percent (n=14/24) and 33% (8/24) of all cases of papillary endothelial hyperplasia expressedFOS and FOSB, respectively. Thirty-two per cent of lobular capillary hemangiomas (n =8/25) were positive for eitherFOS or FOSB. Conclusion. In summary, we present the largest cohort of epithelioid hemangiomas assessed with bothFOS and FOSB and demonstrated that the use of both antibodies increases the detection rate of these proliferationsby 10%. Nonetheless, the use of thresholds may not be appropriate, as only a subset of lesional endothelial cells labelwith FOS/FOSB. Over half of all cases of papillary endothelial hyperplasia and a third of lobular capillary hemangiomasalso displayed immunoreactivity with FOS and/or FOSB.
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FOS-B

FOS

FOS-B

Papillary endothelial hyperplasia

Papillary endothelial hyperplasia

Lobular capillary hemangioma
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Papillary endothelial hyperplasia expressing FOSB (A-B) and FOS (C-D). Lobular capillary hemangioma positive for FOSB inendothelium and stromal cells. Notice positive stain in the epidermis.
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Background:T-cell-rich angiomatoid polypoid pseudolymphoma (TRAPP) and inflam-matory lobular hemangioma (ILH) encompass a spectrum of cutaneous vascularlesions in which a prominent lymphoplasmacytic component may impart a patternhighly reminiscent of low-grade cutaneous lymphoma (pseudolymphoma). Epithelioidhemangioma, including its most common variant angiolymphoid hyperplasia witheosinophilia (ALHE), is a distinct entity associated with FOS and/or FOSB expressiondetected by immunohistochemistry (IHC). These entities can show significant mor-phological overlap.Methods:We performed IHC for FOSB, FOS, and lymphoid markers in a series ofTRAPP/ILH and ALHE.Results:We identified 13 cases of ILH/TRAPP, which showed a predominance inCD8+T-cells (CD8>CD4: 11/13) while FOSB and FOS were expressed in 36% (4/11)and 27% (3/11) of cases, respectively. ALHE (n=9) showed a predominance inCD4+T-cell (67%) with FOSB and FOS co-expression in 78% (seven of nine) of thecases.Conclusion:We showed, based on FOS and/or FOSB immunohistochemical expres-sion, that there is a possible link between ILH/TRAPP and epithelioid hemangioma/ALHE. The use of FOS and FOSB IHC in the routine diagnostic setting of cutaneousvascular lesions will help to redefine cases of ILH/TRAPP as a subset of these mayrepresent inflammatory variants of epithelioid hemangioma. H&E images of three different examples of inflamed lobular hemangiomas/T-cell-rich angiomatoid polypoid pseudolymphoma(ILC/TRAPP). (A–C: Case 8; D–F: Case 1; and G–I: Case 9). Both cases from skin excisions (A–C and D–F) and punch biopsy (G–I) show anexophytic and multinodular intradermal proliferation of a dense inflammatory cell infiltrate, which extends into deep dermis underneath an intactepidermis (A, D, and G:20 H&E). The prominent lymphoplasmacytic infiltrate obscures the vascular nature of the lesion raising theconsideration of pseudolymphoma (B, E, H;200 H&E). ERG immunohistochemistry (IHC: C, F, I) highlights the underlying vascularcomponent (200)1070VARGASET AL.
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 In fact, half of FOSB-positive EH displayed necrosis, which is a highly unusual feature for benign hem-angiomas and represented a major pitfall in triggering misdiagnoses.An abundant eosinophilic infiltrate was also more often associated with FOSB fusions, seen in 4 of the 10 cases, while being noted in only2 cases of FOS-positive tumors (Figure 3). In contrast, FOS positive tumors showed abundant hemorrhagic background and displayed in a subset of cases a spindle cell phenotype in addition to the epithelioid cell component (Figure 3). Some of these cases were reminiscent to and diagnosed as“hemorrhagic epithelioid and spindle cellhemangioma,”15an entity that was initially thought to represent aunique vascular tumor of bone, but subsequently reclassified as a his-tologic variant of EH. Moreover, three FOS-rearranged EH were asso-ciated with exuberant new bone formation, represented by woven bone trabeculae lined by prominent epithelioid osteoblastic cells andscattered osteoclast-type giant cells (Figure 3), simulating a bone forming tumor
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Epithelioid and spindle cell hemangioma was initially described in 1999 in a series of primary bone tumors and was subsequently suggested by some to represent a variant of epithelioid hemangioma. Here, we studied 18 epithelioid and spindle cell hemangiomas. Nine patients (50%) were male. Age at presentation ranged from 12 to 78 years (median: 38.5 y). Nine patients (50%) had tumor(s) limited to bone, 5 (28%) had tumor(s) limited to soft tissue, and 4 (22%) had tumor(s) involving bone and soft tissue. Nine patients (50%) had multiple tumors, all in a unilateral anatomic region involving the wrist, hand, ankle, or foot. Seventeen tumors (94%) occurred in an extremity, including 12 (67%) in the hands and feet, and 1 occurred in a vertebra. In imaging studies, primary bone tumors were lobulated, expansile,and lytic, and 7 bone tumors with available imaging (58%) showed cortical breakthrough. Tumor sizes were 0.8 to 7.2 cm (median: 2.2 cm). Epithelioid and spindle cell hemangioma is composed of lobules of epithelioid and spindled endothelial cells with bland, vesicular nuclei. Neoplastic cells show orderly vasoformativegrowth, with hemorrhagic stroma and no endothelial atypia or multilayering. Immunohistochemistry demonstrated uniform positivity for CD31 and ERG. Where positive, SMA highlighted pericytes (11/13 tumors). FOSB was strongly positive in 4 of 16 tumors (25%), and FOS was strongly positive in 5 of 10 stained tumors (50%). Break-apart fluorescence in situ hybridization confirmed the presence of FOS split signals in 4 tumors positive for FOS by immunohistochemistry and FOSB split signals in 2 FOSB-positive tumors. DNA sequencing demonstrated a GATA6::FOXO1 fusion in 1 of 3 sequenced tumors. Clinical follow- up was available for 15 patients (83%; range: 5 mo to 11 y; median: 3.5 y). Seven patients (47%) had no evidence of disease at most recent follow-up. Seven of 13 patients (54%) who underwent surgery experienced local recurrence at the primary tumor site: 5 patients within a year, 1 at 2.4 years, and 1 thrice at 2, 3, and 5 years. Six patients were alive with multifocal disease (median: 3.5 y; range: 5 mo to 6 y). No tumors gave rise to distant metastases. The clinicopathologic and genetic findings in this studysupport the notion that epithelioid and spindle cell hemangioma is a morphologic variant of epithelioid hemangioma that can occur in soft tissue as well as bone and that shows a striking predilection for the extremities. Given that most recurrences and primary tumors behaved indolently, watchful waiting would be reasonable for patients with multicentric disease that is not readily amenable to surgery.Overall, this series strongly supports the notion that epithelioid and spindle cell hemangioma is a morphologic variant of epithelioid hemangioma that shows a striking predilection for the extremities. Like epithelioid hemangioma, epithelioid and spindle cell hemangioma can occur primarily in soft tissue, a finding that has not been described previously to our knowledge. Finally, with longterm clinical follow-up, the disease course of epithelioid and spindle cell hemangioma tends to show relatively rapid initial development over the course of a year or 2, after which time lesions tend to stop growing; thus, in cases that are not easily resectable, a watchful waiting approach could be considered.
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Tumors were negative for FOS and FOSB by immunohistochemistry. In conclusion, we report a new GATA6-FOXO1 fusion in asubset of EH, with a predilection for skin, and head and neck location. The relationship of this novel molecular subset withthe more common FOS/FOSB fusion-positive EH remains to be determined.



Cutaneous Epithelioid Angiomatous Nodule
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Cutaneous epithelioid angiomatous nodule. This lesion typically presents as a circumscribed nodule in the dermis. Intratumoral hemorrhage is a common finding and a clue to the diagnosis. (B) Cutaneous epithelioid angiomatous nodule. The tumor is composed of sheets of epithelioid endothelial cells. The tumor cells have abundant eosinophilic cytoplasm with enlarged nuclei, fine chromatin, and a single distinct nucleolus. Mitotic activity is commonly seen. Note the admixed erythrocytes
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A, A superficial, well-defined, fairly solid, haemorrhagic lesion often with an epithelial collarette is typically seen in epithelioid angiomatous nodule. B, Sheets of epithelioid endothelial cells with little or not cytological atypia and scattered intracytoplasmic vacuoles.
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ackground:The status of cutaneous epithelioid angiomatous nodule (CEAN)as a distinct entity remains controversial. This study investigated the relationshipbetween CEAN and epithelioid  hemangioma/angiolymphoid  hyperplasia witheosinophilia (ALHE).Methods:Data of seven lesions with CEAN features from four cases (Cases 1–4:61-year-old, 76-year-old, 53-year-old, and 21-year-old men, respectively) wereinvestigated.Results:Cases 1 and 2 showed multiple lesions in the head and neck region, butCases 3 and 4 showed solitary lesions on the back and scalp, respectively. Moreover,the histopathologic findings of the lesions of Cases 1 and 2 were consistent withthose of conventional epithelioid hemangioma or classic cutaneous ALHE. Diffuseimmunoexpression of FOSB was observed in Cases 1 and 2, butFOSBsplit signalswere absent in break-apart fluorescence in situ hybridization (FISH). In contrast, thehistopathologic findings of the lesions of Cases 3 and 4 were consistent with thoseof cellular-type epithelioid hemangiomas. Diffuse immunoreactivity for c-FOS wasobserved in Cases 3 and 4, and split signals ofFOSwere present in break-apart FISHin Case 3.Conclusions:This study showed that the seven tumors with CEAN features couldbe reclassified under the epithelioid hemangioma/ALHE group, although the smallsample size is a limitation
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Pure intravascular growth of epithelioid hemangioma (EH) is exceptional. Herein, we report a series of 21 intravascular EHs,representing a potential serious diagnostic pitfall by mimicking malignant vascular neoplsms with epithelioid morphology.The tumors developed in 12 males and 4 females, aged from 11 to 71 years (mean age 40.2 years) with a predilection for theextremities (13 of 21, 61.9%), followed by the head and neck (8 of 21, 38.1%). Lesions ranged in size from 2 to 30 mm(mean size 13 mm). The most common presenting feature was a slowly growing nodule. Most neoplasms were solitary(13 of 16 patients, 81.2%) but three patients developed more than one intravascular EH (3 of 16, 18.8%). Treatmentconsisted of complete surgical excision and was generally curative. Follow-up was available for 13 lesions that haddeveloped in ten patients (range 4–72 months, mean 27.3 months). No recurrences or development of additional tumors wereobserved. All 21 lesions developed in subcutaneous veins. Two morphological patterns of intravascular epithelioidendothelial cell proliferation were observed: (1) a lobular capillary hemangioma-like proliferation with variable formation ofopen vascular lumina and (2) a solid proliferation generally lacking open vascular spaces. A lobular capillary hemangiomalike pattern was the sole pattern in nine lesions, a mixed lobular hemangioma-like pattern, and solid pattern in eight and apure solid pattern in four intravascular EHs. Mitotic activity in epithelioid endothelial cells ranged from 0 to 7 mitoses per10 high-power field (mean 2.1 mitoses per 10 HPFs). Six lesions displayed brisk mitotic activity of five or more mitoses per10 HPF (6 of 21, 28.5%). The number of mitoses was usually more prominent in areas with solid growth. Atypical mitoseswere not observed. No intratumoral necroses were seen. Cytological atypia was mild (20 out of 21 cases). Byimmunohistochemistry, all tumors were positive for CD31 (14 out of 14) and ERG (5 out of 5). While all tested cases wereFOS negative by immunohistochemistry (6 out of 6), one out of six cases (case 6) displayed FOSB nuclear positivity inabout 30% of the lesional endothelial cells. Eight cases were analysed by FISH for the presence of FOS and FOSBgene rearrangements. While all cases were negative for FOSB rearrangements, a single case proved positive for FOS genebreak-apart. In conclusion, intravascular growth of EH is not associated with adverse biological behavior. Solid intravascularproliferations of endothelial cells can mimic a malignant vascular tumor with epithelioid morphology. Nevertheless,intravascular EHs display mild cytological atypia coupled with low mitotic activity, and a lack of atypical mitoses,pronounced nuclear atypia, multilayering or tumor necrosis. Finally, the FOS gene is infrequently rearranged, and there areno FOSB gene abnormalities in this subset of EHs, suggesting a potential distinct pathogenesis than most classic EHs.
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Symplastic hemangioma
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A, Symplastic haemangioma often has a polypoid appearance. B, Dilated, often thrombosed thin- and thick-walled vascular channels in the background of a myxoid, variably cellular stroma with inflammation. Note scattered large, hyperchromatic cells. C, Smooth muscle cells in the walls of vascular channels are often pleomorphic. Endothelial cells, however, display little or no atypia



Presenter Notes
Presentation Notes
A, Scanning image highlighting epidermal collarette that was present in three of the four cases. This case had a distinctly lobular architecture reminiscent of a pyogenic granuloma with central, ectatic vessels surrounded by smaller capillaries (20). B, Markedly atypical cells were present in the intervening stroma



Presenter Notes
Presentation Notes
In two cases the endothelial cells lining the vessels showed areas with a hobnail morphology, but the endothelial cells lacked pleomorphism or multilayering. Note the atypical, pleomorphic cells in the stroma between the vesselsOne case had more architectural complexity, with irregular somewhat staghorn-like vessels reminiscent of lymphatic neoplasms (100). This case also had evidence of vascular thrombosis. Note the markedly atypical cells in the stromaMitotic figures were uncommon (0-2/10 HPFs) and two cases had a single atypical mitotic figure each. Stromalfibrosis/hyalinization was also present in these cases



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 

Presenter Notes
Presentation Notes
The time interval between excision and local recurrence is short, usually 1-2 years. often in the form of complete but narrow excision or curettage of bone lesions, avoiding large disfiguring surgeries. Although the majority of PHE pursue a relatively indolent clinical course, several cases of PHE with aggressive clinical behaviour resulting in distant metastasis and death have been reported



Presenter Notes
Presentation Notes
Patients usually present with dermal or subcutaneous nodules on the extremities, most commonly the lower limbs, 



Radiologic findings

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

Presenter Notes
Presentation Notes
66% of patients have multifocal disease at presentation, often involving multiple tissue planes and deep soft tissue, skeletal muscle or bone; the vast majority of lesions measure <3cm. Tumours are 18F-fluorodeoxyglucose avid on PET scan, which helps delineate the extent and multifocality of disease



Microscopic findings 

•Histopathology 2016 
May;68:776-95

Presenter Notes
Presentation Notes
Microscopically, tumours have infiltrative edges and are composed of sheets and loose fascicles of spindled cells with abundant brightly eosinophilic cytoplasm, vesicular nuclei and small nucleoli (Figure 1). Tumour cells are cytologically relatively bland, exhibiting only mild atypia and low mitotic activity. Focal areas with epithelioid cytomorphology may be present and approximately 50% of cases have a prominent neutrophilic infiltrate. Some tumour cells have a rhabdomyoblast-like appearance



Presenter Notes
Presentation Notes
A) Epithelioid sarcomalike hemangioendothelioma/ pseudomyogenic hemangioendothelioma. The tumor has an infiltrative growth pattern and is composed of sheets and fascicles of neoplastic cells. Its vascular nature is inapparent with routine microscopy. (B) Epithelioid sarcoma-like hemangioendothelioma/ pseudomyogenic hemangioendothelioma. The tumor is frequently composed of a combination of epithelioid and spindled tumor cells with relatively abundant eosinophilic cytoplasm.



Presenter Notes
Presentation Notes
Epithelioid sarcoma-like hemangioendothelioma/ pseudomyogenic hemangioendothelioma. This example was composed predominantly of polygonal epithelioid tumor cells. Scattered admixed neutrophils were present. (D) Epithelioid sarcoma-like hemangioendothelioma/ pseudomyogenic hemangioendothelioma. This tumor was predominantly composed of spindled cells with dense eosinophilic cytoplasm, imparting a myoid appearance to the lesion. Again, note the admixed neutrophils



Immunohistochemistry POSITIVE                        
                                    CKAE1/3 
                                         ERG
                                  CD31 (variable)

                                                  NEGATIVE
                                             CD34

INI-1 (SMRCB1) is retained

•ERG

AE1/AE3 INI1 CD31

Presenter Notes
Presentation Notes
Although sharing some clinicopathological features and expression of broad-spectrum keratins (AE1/AE3) with its closest histological mimic - epithelioid sarcoma - the immunophenotype of PHE otherwise differs quite significantly. PHE shows consistent nuclear expression of ERG and FLI1 (Figure 1), consistent with endothelial differentiation, variable expression of CD31, SMA, CAM5.2 and (weak) EMA, and is negative for CD34, S100 and desmin.  INI1 (SMARCB1) expression is retained in PHE, which is also helpful in the distinction with epithelioid sarcoma, which shows loss of INI1 expression in the vast majority of casesCD31 positive in 50-70% of cases. 



Other Differential Diagnosis

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







Presenter Notes
Presentation Notes
While all FOSB fusion partner genes are expressed in endothelial cells, differences in expression levels have been observed. We explored the GTEx database and found that EGFL7 is dominantly expressed in vascular endothelial cells4 (Figure 3E). Whether the strength of the promoters from various fusion partner genes contributes to some of these clinical variations is an area of interest for further investigation. EGFL7 has the strongest promoter among all known FOSB fusion partners in endothelial cells and may drive higher expression of FOSB, which could reconcile with the widely disseminated tumours reported in the first case. However, our case exhibited a typical clinical presentation of PHE with no sign of distant metastasis. Notably, these two EGFL7::FOSB cases differ in the breakpoints: our case had an FOSB breakpoint in exon 1, resulting in a promoter swap without altering the FOSB reading frame, while the other EGFL7::FOSB case had a FOSB breakpoint in exon 2, leading to both a promoter swap and a chimericfusion product. A review of previous PHE cases showed FOSB breakpoints occurring in either exon 1 or exon 2, with no noticeable difference inphenotypes observed between patients with different breakpoints. This suggests that the oncogenic mechanism of FOSB rearrangement likely relies on promoter swap and spatial–temporal deregulation of FOSB expression, rather than the chimeric fusion product, which contains all functional domains of FOSB, including the DNA binding domain, Leu-Zip, and C-terminal transactivation domain.







Presenter Notes
Presentation Notes
The 2 pseudomyogenic negative cases were decalcified bone. The 1 positive EHE was negative for CAMTA1 and TFE3



Presenter Notes
Presentation Notes
This group found that expression of a truncated FOSB protein, containing the portion of FOSB present in the SERPINE1-FOSB chimera, drives expression of SERPINE1, leading to a positive feedback loop. They also demonstrated that this feedback loop was dependent on VEGF/PDGFR signaling. As a result, treatment with telatinib interrupted the positive feedback, leading to reduced expression of the SERPINE1-FOSB fusion protein. Thus, telatinib or any other currently available VEGFR1-4/PDGFRA inhibitor could be a highly specific treatment option for patients with multifocal unresectableResults: Truncated FOSB significantly affected tumor growth in three-dimensional (3D) on matrigel with increased and sustained sprouting. Moreover, truncated FOSB acted as an active transcription factor capable to regulate its own transcription, as well as to upregulate PDGFRA and FLT1 expression (four-fold). Telatinib decreased proliferation and tumor growth in 3D and induced apoptosis. As expected, telatinib blocked VEGF signaling as phosphorylation of ERK was abolished. Interestingly, in FOSB overexpressing cells, telatinib specifically affected PDGFRA, FLT1, and FLT4 signaling and downregulated SERPINE1, thereby affecting the self-regulation of the fusion gene. Conclusions: We provide a biological substantiation of a complete clinical remission that was seen in a patient with PHE, showing that telatinib indirectly interferes with the self-regulated expression of the fusion product. Thus, telatinib or any other currently available VEGFR1-4/PDGFRA inhibitor could be a highly specific treatment option for patients with multifocal unresectable



Hobnail Hemangioendotheliomas 

• Locally aggressive; rarely metastasizing 

• Composed at least in part of hobnail endothelial proliferations 
with a lymphatic endothelial phenotype

• Superficially located, mainly occurs in adults

• Preferentially in the dermis and subcutaneous tissue of distal 
extremities

Presenter Notes
Presentation Notes
RHE was originally described in 1994 by Calonje et al.; the local recurrence rate is approximately 50%. The metastatic risk is negligible; retrospectiveanalysis of the single metastatic case reported by Calonje et al. suggests that it may have been a CHE with predominantly RHE-like morphology



Retiform Hemangioendothelioma

Presenter Notes
Presentation Notes
Among the soft tissue cohort, 5/13 (38%) RHE and 3/11 (27%) CHE showed YAP1 gene rearrangements, with 5 cases showing a YAP1-MAML2 fusion, including all 3 CHE.These results suggest that RHE and CHE represent a morphologic continuum, sharing abnormalities in YAP1 and MAML2 genes.Branching, slit-like vessels with an architectural pattern reminiscent of the rete testis. Neoplastic vessels are lined by protuberant, mildly hyperchromatic endothelial nuclei that do not exhibit multilayering. Most cases show a brisk lymphocytic infiltrate, which can be a useful diagnostic clue



Retiform Hemangioendothelioma

Presenter Notes
Presentation Notes
Cutaneous example showing elongated vascular channels infiltrating through the superficial dermis, lined by hobnailed endothelial cells (case 4, 10/male, buttock). I, Another RHE skin lesion in an adult (50/female, knee) showing angulated vessels with dilated lumina and protruding endothelial cells, some appearing detached and reminiscent of micropapillae. The vascular channels are embedded in stroma with abundant lymphocytic infiltrate



Papillary intralymphatic
angioendothelioma

Presenter Notes
Presentation Notes
PILA often contains a prominent cavernous lymphatic malformation-like component. Note the deeper irregular vascular spaces.Intraluminal papillary tufts with a fibrotic core are a characteristic feature. Note the prominent stromal lymphocytes.PILA typically occur in infants and is slightly more common in females (M:F ratio: ~0.7:1). RHE usually affects young adults or children, without a sex predilection. Cytologically, PILA and RHE are identical, being composed of darkly staining, columnar, hobnail endothelial cells. PILA appear as a poorly delineated proliferation of slit-like or dilated lymphatic channels, sometimes with an associated cavernous lymphatic malformation, whereas RHE is typified by an infiltrative growth of elongated, branching vascular channels, resembling the rete testis. Associated hyaline fibrosis is often present. Both PILA and RHE may contain intraluminal papillary tufts with a fibrotic core, lined by hobnailed endothelial cells, more prominent in PILA { 21915027 }. A lymphocytic infiltrate is often present in both.Limited synaptophysin expression may also be seen in PILA and RHE, a finding which in combination with shared YAP1::MAML2 fusions supports a relationship between these hobnailed haemangioendotheliomas and composite haemangioendothelioma.



Presenter Notes
Presentation Notes
Among the soft tissue cohort, 5/13 (38%) RHE and 3/11 (27%) CHE showed YAP1 gene rearrangements, with 5 cases showing a YAP1-MAML2 fusion, including all 3 CHE.These results suggest that RHE and CHE represent a morphologic continuum, sharing abnormalities in YAP1 and MAML2 genes.



• Locally aggressive, rarely metastasizing endothelial neoplasm with an 
admixture of vascular components  

• Neuroendocrine expression may be present 
• Chiefly in young 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%)
• Neuroendocrine CHE appears to be considerably more aggressive

Composite Hemangioendothelioma (CHE)

Presenter Notes
Presentation Notes
rare cases reported in lymph nodes, spleen, kidney and other deep locations. CHE by definition contains at least two morphologically distinct patterns that meet diagnostic criteria for different vascular neoplasms. The most commonly identified patterns are retiform hemangioendothelioma-like and EHE-like, each of which was present in 7/8 tumors in the initial case series. Other common patterns include spindle cell hemangioma-like and low-grade angiosarcoma-like.



• Retiform Hemangioendothelioma-like

• Epithelioid Hemangioendothelioma-like

• Spindle cell Hemangioma-like

• Low-Grade Angiosarcoma-like 

Morphological patterns 

Presenter Notes
Presentation Notes
RHE is the most common component of CHE, and therefore any additional architectural patterns seen adjacent to an RHE are diagnostic of CHE. However, the distinction between these 2 entities appears somewhat arbitrary, especially in CHE cases with a predominant RHE component, while the remaining patterns might be focal and characterized by nonspecific solid areas. Indeed, some discordance in assigning RHE versus CHE subtype was noted among the coauthors, suggesting the possibility of an over lapping morphologic spectrum, centered on the retiform growth, with minor components of other patternsThe most frequently encountered architectural patterns resemble epithelioid haemangioendothelioma and RHE



Presenter Notes
Presentation Notes
Composite hemangioendothelioma (HE). A, The tumor comprises a variable mixture of benign, intermediate, and malignant vascular components, and the amount and distribution of these vary from case to case. At low power, this example shows, at its center, features of cavernous and spindle-cell hemangioma, with dilated or slit-like vascular spaces that are lined by bland, elongated spindle endothelial cells. Adjacent to this on the left there are areas resembling retiform HE, while higher grade, angiosarcoma-like foci with prominent nuclear hyperchromasia and atypia are present at the bottom right of the field. B, Cavernous hemangioma-like areas are lined by bland spindled endothelial cells. C, Spindle-cell hemangioma is the most common benign vascular component described in composite HE, and is composed of thin-walled large dilated vascular spaces lined by endothelium, admixed with solid areas of bland spindle cells. D, Epithelioid endothelial cells containing large intracytoplasmic vacuoles can also be a feature. These resemble the vacuolated endothelial cells sometimes seen in spindle-cell hemangioma, although the examples illustrated here additionally show focal nuclear enlargement and atypia.



Presenter Notes
Presentation Notes
E, Areas with features of retiform HE are prominent in many composite HE, and are composed of  elongated thin-walled vascular channels lined by endothelial cells that lack atypia, and which often form hobnail patterns. F, Epithelioid HE -like areas are another frequent feature in composite HE, and are composed of cords, strands, and nests of epithelioid endothelial cells with rounded or ovoid, variably pleomorphic nuclei and abundant eosinophilic cytoplasm, within hyalinized or myxoid stromaComposite hemangioendothelioma (HE). A, Composite HE is noted for its complex admixture of different vascular elements that merge with each other. Well-differentiated vascular elements (right) are seen next to those with a more high grade appearance (left). B, Angiosarcoma-like elements of composite HE are usually well differentiated. The vascular channels of this example are well formed, but the lining endothelial cells show focal cellular atypia, with nuclear enlargement and hyperchromasia



Presenter Notes
Presentation Notes
the neuroendocrine CHE occurring in a 37-year-old male harbored a distinct PTBP1-MAML2 fusion and showed aggressive clinical behavior (pancreatic mass with multiple liver and lung metastases)Compared to tumours lacking YAP1 rearrangement, YAP1-rearranged RHE and CHE had a stronger predilection for the distal extremities andYAP1-rearranged CHE presented at a younger age.



Presenter Notes
Presentation Notes
A recent study also reported YAP1 rearrangements in a subset of retiform and composite hemangioendotheliomas (RHE and CHE). In this study, we evaluated the diagnostic utility of an antibody directed against the C-terminus of YAP1 (YAP1-CT) for EHE with YAP1-TFE3, RHE, and CHE. In total, 78 tumors were included in the study: EHE variant with YAP1-TFE3 (n = 13), conventional (CAMTA1-positive) EHE (n = 20), pseudomyogenic hemangioendothelioma (n = 10), epithelioid hemangioma (n = 19), epithelioid angiosarcoma (n = 10), RHE (n = 4), and CHE (n = 2). IHC was performed using a rabbit monoclonal anti-YAP1 C terminus antibody. EHE variant showed complete loss of YAP1-CT expression in 10 of 13 (77%) cases. All cases of RHE and CHE, with previously confirmed YAP1 rearrangements, also showed loss of YAP1-CT expression. Loss of YAP1-CT was seen in one conventional EHE (1/20; 5%). All other epithelioid vascular tumors showed retained YAP1-CT expression. Loss of expression of YAP1-CT appears to be associated with good sensitivity and specificity for EHE variant with YAP1-TFE3 fusion and may provide additional support along with TFE3 and CAMTA1 IHC in challenging cases. This marker may also be useful in the diagnosis of RHE and CHE





Presenter Notes
Presentation Notes
Recently, Perry et al. described ‘neuroendocrine CHE’, a variant that behaved aggressively, giving rise to distant metastases in four of eight patients withlong-term follow-up and leading to the death of one patient.



Presenter Notes
Presentation Notes
Composite hemangioendothelioma with neuroendocrine marker expression presenting as a cutaneous mass of the ankle (Case 3). This case showed an unusual admixture of dilated vascular channels, smaller channels lined by hobnail endothelial cells and solid areas (a). In other areas the solid cell nests were juxtaposed to elongated vascular channels (b). Solid and vaguely nested aggregates of epithelioid endothelial cells surrounded elongated channels lined by hobnail cells (c). Higher power view of uniform epithelioid endothelial cells, resembling those seen in epithelioid hemangioendothelioma. Myxochondroid matrix, however, is absent (d).



CD31 Synaptophysin



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

Presenter Notes
Presentation Notes
 Although it was originally categorized as an intermediate (borderline) malignancy, the current World Health Organization soft tissue tumor classification considers epithelioid hemangioendothelioma to be a low-grade, though fully malignant, vascular tumor, because of its higher metastatic rate and more aggressive behavior than other hemangioendotheliomas. It has been suggested that aggressive behavior more frequent in histologically high-grade variants. 



Presenter Notes
Presentation Notes
It can occur in a variety of anatomic sites including soft tissue, bone, lung, liver and skin. EHE typically presents in adults but with a relatively nondescript clinical appearance, usually a skin-colored nodule that lacks the violaceous appearance of vascular tumors. A vascular lesion is suspected in only a minority of cases. Compared to deep and visceral EHE superficial cutaneous EHEs seem to have a better prognosis. 



• 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

Presenter Notes
Presentation Notes
Although EHE usually exhibits low-grade morphology, a small subset of cases is cytologically higher grade and may show a significant solid growth pattern mimicking angiosarcoma, so called “aggressive” or “malignant” variant of EHE – this variant of EHE is typically associated with a more aggressive clinical course (may mimic epithelioid angiosarcoma). To date, careful morphologic evaluation was the only way of distinguishing these two tumour types. However, recent insights into the molecular biology of EHE have resulted in the identification of more specific diagnostic markers of EHE



Presenter Notes
Presentation Notes
Microscopically, EHE is composed of cords to nests of epithelioid endothelial cells.Cells with intracytoplasmic vacuoles (blister cells) are typical, but may be inconspicuous. Classically, approximately 50% of EHE have a vasculocentric growth pattern with tumor cells filling the affected vessel and extending out in a centrifugal fashion. This vasculocentric pattern, however, is less frequently encountered in cutaneous tumors.



Presenter Notes
Presentation Notes
The most characteristic feature is the cord-like arrangement of the epithelioid endothelial cells that are embedded within a myxohyaline stroma. In some cases the cord-like morphology is difficult to appreciate causing potential confusion with ES. EHE is usually immunoreactive for both CD34 and CD31, and approximately 25% are immunoreactive for cytokeratin. The combination of cytokeratin and CD34 immunoreactivity can cause confusion with ES. Immunoreactivity for CD31 and retained INI-1 expression is helpful in distinguishing EHE in difficult cases



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

NEGATIVE
• S100 protein
• Desmin
• EMA

•CD31

Presenter Notes
Presentation Notes
Furthermore, cytokeratin expression is commonly seen in epithelioid vascular tumours and is a diagnostic pitfall. EHE expresses endothelial markers CD31, CD34, and ERG transcription factor, which are not present in melanoma and the vast majority of carcinomas. Nuclear expression of ERG has emerged as a highly specific and sensitive marker for endothelial differentiation, and shows greater sensitivity than CD31 and CD34 for the diagnosis of benign vascular tumours and angiosarcoma. These markers are therefore useful in distinguishing EHE from carcinoma and melanoma



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 

Presenter Notes
Presentation Notes
From a biologic and clinical standpoint, not only have these findings elucidated the pathogenesis of EHE as a translocation-associated tumour, but they have also shown, through the identification of similar genetic changes in tumours at different sites, that the often multifocal nature of EHE is due in fact to metastasis, rather than synchronous primaries, as previously thought



Presenter Notes
Presentation Notes
Nuclear expression of CAMTA1 has very recently been shown to be a sensitive and specific surrogate marker for the fusion gene, and expression is seen in >90% of EHE (Figure 6). Of those EHE negative for CAMTA1, the vast majority will show expression of TFE3, but TFE3 is a less specific surrogate marker for the YAP1-TFE3 gene fusion - in a recent study only positive cases with a strong diffuse staining pattern correlated with the presence of the fusion gene



•CAMTA1

Presenter Notes
Presentation Notes
Expression of CAMTA1 is not seen in epithelioid angiosarcoma, other epithelioid vascular tumours or soft tissue tumours of other types. This application is particularly useful for distinguishing those EHE with marked cytological or architectural atypia (so-called ‘malignant’ EHE) from angiosarcoma. 



Presenter Notes
Presentation Notes
a) Lung b) Liver 
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Ductal breast adenocarcinoma case focally positive in which approximately 10% of the tumor cells were faintly labelled with the marker





Presenter Notes
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Microscopically, a solid lesion with cords of epithelioid cells in the extra-adrenal myelolipoma-like lesion was observed. Immunohistochemically, the solid lesion was positive for typical vascular markers and CAMTA1, the expression of which is highly specific for epithelioid hemangioendothelioma (EHE). The endothelial cells and bone marrow elements of myelolipoma-like lesion were also positive for CAMTA1. Fluorescence in situ hybridization examination detected the CAMTA1-WWTR1 fusion gene not only in the solid lesion but also in the endothelial cells and bone marrow elements of myelolipoma-like lesion. To our knowledge, this is the first report suggesting common genetic abnormality, CAMTA1-WWTR1 fusion, in cases of EHE and extra-adrenal myelolipoma.



Presenter Notes
Presentation Notes
Very recently, a YAP1-TFE3 fusion gene has been detected in a subset of epithelioid hemangioendothelioma, with corresponding detectable TFE3 nuclear reactivity by immunohistochemistry. This variant has not yet been described in cutaneous tumors. 



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

Presenter Notes
Presentation Notes
Index case displaying a distinctive pseudoalveolar pattern was tested for TFE3 immunohistochemistry and gene rearrangements (EHE2). (A,B) Morphologic appearance showing mature vessel lumen formation lined by epithelioid endothelial cells with moderate amount of densely to lightly eosinophilic cytoplasm, focal intracytoplasmic vacuoles, and stromal inflammation, including eosinophils. (C) CD31 and (D) TFE3 strong reactivity.



•CAMTA1•TFE3

•CD31

Presenter Notes
Presentation Notes
TFE3 rearranged EHE composed of nests of epithelioid cells with voluminous cytoplasm. The tumor cells are strongly positive for CD31 and TFE3 whereas CAMTA1 is negative
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A recent study also reported YAP1 rearrangements in a subset of retiform and composite hemangioendotheliomas (RHE and CHE). In this study, we evaluated the diagnostic utility of an antibody directed against the C-terminus of YAP1 (YAP1-CT) for EHE with YAP1-TFE3, RHE, and CHE. In total, 78 tumors were included in the study: EHE variant with YAP1-TFE3 (n = 13), conventional (CAMTA1-positive) EHE (n = 20), pseudomyogenic hemangioendothelioma (n = 10), epithelioid hemangioma (n = 19), epithelioid angiosarcoma (n = 10), RHE (n = 4), and CHE (n = 2). IHC was performed using a rabbit monoclonal anti-YAP1 C terminus antibody. EHE variant showed complete loss of YAP1-CT expression in 10 of 13 (77%) cases. All cases of RHE and CHE, with previously confirmed YAP1 rearrangements, also showed loss of YAP1-CT expression. Loss of YAP1-CT was seen in one conventional EHE (1/20; 5%). All other epithelioid vascular tumors showed retained YAP1-CT expression. Loss of expression of YAP1-CT appears to be associated with good sensitivity and specificity for EHE variant with YAP1-TFE3 fusion and may provide additional support along with TFE3 and CAMTA1 IHC in challenging cases. This marker may also be useful in the diagnosis of RHE and CHE



Presenter Notes
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A This tumor shows frank blood vessel formation.B Immunohistochemistry for YAP1-CT shows loss of expression in tumor cells, with retained expression in pericytes and occasional nonneoplastic vessels. C This case demonstrates a solid and nested architecture. D Loss of YAP1-CT expression with a positive internal control.
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The 24 cases of YAP1-TFE3-fused hemangioendothelioma showed a female predominance (17 female, 7 male) across a wide age range (20–78 years old, median 44). Tumors were most commonly located in soft tissue (50%), followed by bone (29%), lung (13%), and liver (8%), ranging from 3 to 115 mm in size (median 40 mm). About two-thirds presented with multifocal disease, including 7 cases with distant organ metastasisSurvival outcome in patients with YAP1-TFE3 hemangioendothelioma. Probability of progression-free survival (A) and diseasespecific survival (B) of YAP1-TFE3 hemangioendothelioma patients in months represented by Kaplan–Meier curve. 5-year (60 months) progression-free survival probability is 88%.One of the striking long-term clinical characteristics of YAP1- TFE3-fused hemangioendothelioma is the large proportion of patients who survive many years with stable disease despite having multifocal tumor and, in some cases, widespread distant metastasis1–12. In fact, similar to the reported 5-year progression-free survival of 86% by Rosenbaum et al.9 , the 5-year progression-free survival probability of our cohort is 88%, which is higher compared to the 5-year survival rate of 50–80% reported for conventional EHE with WWTR1-CAMTA1 gene fusion. Though our experience with YAP1-TFE3-fused hemangioendothelioma remains limited, the proportion of patients with disease progression appears to be much lower, in comparison with conventional EHE, where many patients eventually progress after a period of stable disease
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Interestingly, recent work has identified YAP1-TFE3 gene fusions in clear cell stromal tumor of the lung, a non-vascular soft tissue tumor of uncertain histogenesis and distinct histomorphology and clinical features. However, the fusion in clear cell stromal tumor of the lung involves different exons (YAP1 exon 4 and TFE3 exon 6) and argues for the careful incorporation of a combination of morphologic, immunophenotypic, and molecular features before rendering a diagnosis of YAP1-TFE3-fused hemangioendothelioma. When possible, the use of RNA-seq is advantageous since this technique also provides information regarding the exons of YAP1 and TFE3 contained in the gene fusion, which consistently involve exon 1 for YAP1 and exons 4/6 for TFE3 for YAP1-TFE3 hemangioendothelioma. Among the 13 previously published cases with exon information, 62% involves exon 4 and 38% involves exon 6 of TFE31–5,8 . In contrast, in the current study, among the 16 cases with exon information, 88% involves exon 4 and 12% involves exon 6 of TFE3.
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Patients with conventional epithelioid hemangioendothelioma with WWTR1-CAMTA1 fusion had a less favorable outcome compared with the YAP1-TFE3 subset, the 5-year overall survival being 59% versus 86%, respectively. Soft tissue epithelioid hemangioendothelioma were frequently solitary, followed an uneventful clinical course being often managed with curative surgery. Multifocality, pleural involvement, lymph node or distant metastases had a significantly worse outcome. Patients with pleural disease or lymph node metastases had an aggressive clinical course akin to high-grade sarcomas, with 22% and30%, respectively, alive at 5 years, compared with >70% survival rate in patients lacking these two adverse factors
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In this study, we aimed to identify clinicopathologic prognostic factors of EHE in a retrospective cohort of 62 cases with CAMTA1/TFE3/WWTR1 alterations. The tumors were of the CAMTA1 subtype for 59 cases, TFE3 subtype for 2 cases, and variant WWTR1 subtype (WWTR1-ACTL6A) for 1 case. Twenty-two tumors (35.5%) demonstrated atypical histology, defined by having at least 2 of the following 3 findings: high mitotic activity (>1/2mm2), high nuclear grade, and coagulative necrosis. During a median follow-up of 34 months, 11 patients (18%) died, and the 5-year overall survival rate was 78.8%. Survival did not correlate with such clinical parameters as age, sex, tumor sites, multifocality, and multiorgan involvement. Conversely, based on both univariate and multivariate analyses, large tumor size (>30 mm) and histologic atypia were significantly associated with a shorter survival. A proposed 3-tiered risk assessment system using these 2 parameters significantly stratified the patients into low-risk, intermediate-risk, and high-risk groups with 5-year overall survival rates of 100%, 81.8%, and 16.9%, respectively (P<0.001). Four tumors (6.4%) expressed synaptophysin, which all belonged to the high-risk group and pursued an aggressive course. The present study demonstrated the independent prognostic significance of large tumor size and atypical histology in EHE, as well as the value of risk stratification using these 2 factors. Moreover, we revealed a small EHE subset with aberrant synaptophysin expression, which may have potential prognostic and diagnostic implications.
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Survival analysis of EHE. A, Kaplan-Meier overall survival curve of the entire EHE cohort. The 5-year survival rate was 78.8%. B, Large tumor size ( >30 mm) was significantly associated with a poor prognosis (P<0.001). C, Histologic atypia wassignificantly associated with a poor prognosis (P= 0.002). D, A proposed 3-tiered risk model using tumor size and histology significantly stratified the patients into low-risk, intermediate-risk, and high-risk groups with the 5-year overall survival rates of 100%, 81.8%, and 16.9%, respectively (P<0.001).
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Pleural involvement was not associated with worse survival in our cohort; this is perplexing and apparently conflicts with the results of many previous studies that showed it to be a significantly poor prognosticator ofEHE. A recent study by Rosenbaum et al also clearly demonstrated it to be an important adverse parameter in a large number of molecularly confirmed cases. The risk of underestimating pleural involvement in the lung specimens was minimal here, as all but 1 of the 22 lung specimens used were resections. This discrepancy may be partly explained by the time when the clinical/ histologic data were obtained. In this study, histologic analysis was performed using the earliest available specimens, and we retrieved the clinical data at the closest time point to when the specimen was obtained. This method was used to follow the patients as long as possible and to compare the survival impact of clinical and histologic parameters without prejudice. Among the 11 patients who died of disease, 9 had no pleural involvement at the time when the specimens were obtained. However, in 4 of them, the tumors recurred later with pleural dissemination and/ or pleural effusion. These cases suggest that pleural disease is indeed a critical sign that heralds an impending downhill course at a later phase of the disease. Our patients, as a group, may have presented at an earlier phase when the prognostic impact of pleural involvement could not be captured well. This hypothesis is supported by the longer median follow-up time for survivors (41 mo) and better 5-year overall survival (78.8%) in our cohort than those (24 mo and 59%, respectively, for the WWTR1-CAMTA1 group) in the series by Rosenbaum et al. Similarly, the rates of pleural involvement, lymph node involvement, multiorgan involvement, and atypical histology in our cohort were 27%, 8%, 43%, and 35%, respectively, all of which were lower than those in their cohort (35%, 24%, 70%, and 52%, respectively). In the study by Rosenbaum and colleagues, histologic atypia, which was only marginally significant (P =0.049) in univariate analysis, lost its predictive power and was submerged under clinical parameters (eg, pleural involvement and multiorgan involvement) in multivariate analysis. We suspect that our risk assessment system functions best when analyzing the earlier phase of the disease, after which the clinical adverse parameters may ultimately surface and eclipse histologic impact on survival. The different cohort characteristics may be related to the fact that our study did not include personal consultation cases.
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Presentation Notes
Synaptophysin was strongly expressed in a small subset (6.4%) of EHEs. It was likely aberrant, since the other neuroendocrine markers were negative. All 4 tumors were inthe high-risk category and pursued a very aggressive course, with death occurring within 1.5 years for 3 patients and the remaining patient being severely ill. This was reminiscent of a recent finding by Perry et al,18 who recognized a subset of composite hemangioendothelioma showing synaptophysin expression and aggressive behavior.Synaptophysinexpressing EHE may also be mistaken as neuroendocrine carcinoma, because of severe nuclear atypia, focal lack of myxohyaline stroma, and occasional cytokeratin expression. This risk would be particularly high in the thoracic cavity, wherein EHE and large cell neuroendocrine carcinoma are more commonly encountered than in other sites.



Presenter Notes
Presentation Notes
Epithelioid hemangioendothelioma (EHE) is an ultra-rare, translocated, vascular sarcoma. EHE clinical behavior is variable, ranging from that of a low-grade malignancy to that of a high-grade sarcoma and it is marked by a highpropensity for systemic involvement. No active systemic agents are currently approved specifically for EHE, which is typically refractory to the antitumor drugs used in sarcomas. The degree of uncertainty in selecting the mostappropriate therapy for EHE patients and the lack of guidelines on the clinical management of the disease make the adoption of new treatments inconsistent across the world, resulting in suboptimal outcomes for many EHE patients.To address the shortcoming, a global consensus meeting was organized in December 2020 under the umbrella of the European Society for Medical Oncology (ESMO) involving >80 experts from several disciplines from Europe,North America and Asia, together with a patient representative from the EHE Group, a global, disease-specific patient advocacy group, and Sarcoma Patient EuroNet (SPAEN). The meeting was aimed at defining, by consensus,evidence-based best practices for the optimal approach to primary and metastatic EHE. The consensus achieved during that meeting is the subject of the present publication.
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