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Abstract
BACKGROUND
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Superficial CD34-positive fibroblastoma (SCPFT) is a newly discovered mesenchymal tumor characterized by high polymorphism, low mitotic rate, and diffuse CD34-positive reactions.

AIM
To further determine the clinicopathological features of SCPFT.

METHODS
We retrospectively analyzed the clinicopathological data, immunohistochemistry results, and differential diagnoses of four patients with SCPFT and performed a literature review. Relevant fusion genes were also detected.

RESULTS
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]The tumors were all located in the lower extremities and presented as slow-growing painless masses located in the dermis and subcutaneous tissue. Microscopically, the tumors were composed of spindle-shaped to epithelioid cells with scattered abnormal and pleomorphic nuclei on a fibrous or fibromyxoid background. Necrosis was not found in the tumor tissues, and mitotic figures were rare. Immunohistochemically, the tumor cells were strongly positive for vimentin and CD34, and CKpan showed focal positivity in two tumors. All four patients were followed (13-57 mo, mean 35 mo), and one patient experienced local recurrence. 

CONCLUSION
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]SCPFT is a newly discovered borderline mesenchymal tumor that can locally recur or even metastasize. Familiarity with its clinicopathological features will help avoid confusion with skin mesenchymal tumors with similar features.
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[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Core Tip: Superficial CD34-positive fibroblastoma is a newly discovered mesenchymal tumor characterized by high polymorphism, low mitotic rate, and diffuse CD34-positive reactions. Microscopically, the tumors were composed of spindle-shaped to epithelioid cells with scattered bizarre and pleomorphic nuclei on a fibrous or fibromyxoid background.

INTRODUCTION
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Superficial CD34-positive fibroblastoma (SCPFT) is a rare low‑grade mesenchymal tumor first described by Carter et al[1] in 2014 and histopathologically characterized by fasciculated spindle cells mixed with pleomorphic epithelioid cells, low proliferation index, and diffuse immunohistochemical staining for CD34. SCPFT predominantly involves the superficial soft tissue of the lower extremity in adults without significant sex differences. At present, less than 50 cases have been reported in the literature[1-10]. Due to the fact that SCPFT has histopathological characteristics that are similar to those of other fibroblastic and myofibroblastic tumors, the diagnostic criteria for this type of tumor are not well understood by pathologists at present. To help pathologists better understand SCPFT, we report four cases with complete data, including clinical findings, histopathology, immunophenotype, differential diagnoses, and treatment, and also performed a literature review.

MATERIALS AND METHODS
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Cases and histological reevaluation
The study was conducted in accordance with the ethical guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of Bengbu Medical College. All patients provided written informed consent. A retrospective analysis was conducted on four patients who had pathologically proven SCPFTs at First Affiliated Hospital of Bengbu Medical College from 2015 to 2018. The clinical information and follow-up data were directly obtained from the hospital records and patients themselves. The routine hematoxylin–eosin staining and immunohistochemical sections were obtained from the Department of Pathology archives and reviewed by two experienced soft-tissue pathologists. 

Immunohistochemical analysis
The specimens were fixed with 10% neutral formalin, routinely dehydrated, embedded in paraffin, sectioned, and stained with hematoxylin–eosin. Immunohistochemical staining on all samples was performed using the EliVision two-step method and DAB staining. The primary antibodies used included those against CD34 (catalog No. Kit-0004), SMA (Kit-0006), CK (Pan) (RAB-0050), EMA (Kit-0011), S-100 protein (Kit-0007), HMB-45 (MAB-0098), desmin (Kit-0023), CD68 (Kit-0026), Ki-67 (MAB-0672), MDM2 (MAB-0116), CDK4 (RMA-0771), ALK (MAB-0848), STAT6 (RAB-0729), CD99 (MAB-0059), and p53 (MAB-0674). All of these antibodies were purchased from Fuzhou Maixin Biotechnology Co., Ltd. Phosphate buffer saline was used instead of the primary antibody as a negative control per the manufacturer’s instructions.

Fluorescence in situ hybridization assay
ALK and PDGFB gene rearrangements were analyzed in all four cases by fluorescence in situ hybridization (FISH). The probes used included the ZytoLight SPEC PDGFB Dual Color Break Apart Probe (Prod. No.: Z-2119-50, Bremerhaven, Germany) and ZytoLight SPEC ALK Dual Color Break Apart Probe (Prod. No.: Z-2124-50, Bremerhaven, Germany). FISH analysis was performed according to the manufacturer-provided protocol. Two researchers scored 100 cells in each tumor tissue in a double-blind manner. ALK gene rearrangement and PDGFB gene rearrangement were considered positive when at least 10% of the tumor cells showed a red-green separation signal. 

RESULTS
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Patients’ clinical data
The clinical data of the patients are listed in Table 1. The patients reported in this study included three males and one female aged 27-51 years, with a median age of 41 years. The course of the disease ranged from 12 d to 3 mo. Four cases involved the soft tissue of the lower extremities, with masses occurring separately in the upper part of the right thigh, right lateral malleolus, left calf front, and left proximal thigh. These patients presented with the main clinical symptom of a painless, enlarged mass. In three of the four cases, the tumor tissue was mainly located in the dermis and subcutis. In one case (case 4), the tumor was located in the subcutaneous and intramuscular deep fascia, with a clear tumor boundary. We also retrieved the imaging data of all patients. For case 4, computed tomography showed that the tumor was located in the space between the sartorius muscle and tensor fascia lata muscle in front of the right thigh and exhibited a uniform density and clear boundary with surrounding muscles (Figure 1A and B). The surgical record indicated that the tumors were hard in texture, exhibited a clear boundary, were mainly located in the deep fascia, and exhibited local infiltration at the medial incision margin.

Gross findings
Three cases presented with a well-defined single nodular mass, and one case had a tumor that was ill-defined and interlaced with the surrounding adipose tissue. The tumor diameters ranged from 2.5-6.0 cm, and the section of the nodule was pale yellow in color and slightly hard in texture with no apparent hemorrhage or necrosis.

Histological findings
The tumors were composed of irregular spindle to oval‑shaped cells with eosinophilic and granular cytoplasm arranged in fascicles and sheets, with some areas showing a vaguely woven pattern and focal infiltration into the surrounding adipose tissue (Figure 2A and B). The tumor cells in the local area exhibited epithelioid features arranged in sheets and nests (Figure 2C). A few scattered tumor cells were markedly polymorphic with hyperchromatic, abnormal, and pleomorphic nuclei that frequently displayed intranuclear pseudoinclusions (Figure 2D). A glassy or foam-like cytoplasm was found in the focal tumor cells. The nucleoli of some of the tumor cells were single and distinct, but mitosis was rarely observed (< 1/50 HFP). No areas of atypical mitosis or tumor necrosis were noted (Figure 2E). Tumor stroma with mucinous degeneration was not observed in the focal area (Figure 2F). Furthermore, thin-walled fissured vessels, a small number of scattered plasma cells, and lymphocyte infiltration were observed. In some areas, the spindle cells were relatively uniform and closely arranged with mild myxodegeneration in the stroma, and a small amount of lymphocyte infiltration was observed. These features are similar to inflammatory myofibroblastic tumors. In other areas, the stroma showed obvious mucoid degeneration with more inflammatory cell infiltration (Figure 2G), involving scattered large nuclear atypia cells with clear nucleoli, which is similar to myxoinflammatory fibroblastic sarcoma (Figure 2H).

Immunohistochemistry findings
The immunohistochemical results are summarized in Table 2. The tumor cells were diffusely and strongly positive for CD34 (Figure 3A and B). CKpan showed focal positivity in two tumors (Figure 3C). Case 2 was weakly positive for CD99. The Ki-67 proliferation index was 1%-2%, and the proliferative index of case 3 locally reached 5% (Figure 3D-E). SMA, EMA, S-100 protein, HMB45, MDM-2, CDK-4, ALK, STAT-6, p53 (Figure 3F), CD68, and desmin were all negative.

Fluorescence in situ hybridization
Based on FISH analysis, the four tumors were negative for ALK rearrangements (Figure 4), and PDGFB rearrangements were not detected.

Postoperative outcome
All four patients underwent surgical resection in the follow-up period (range 13-57 mo). Three cases were deemed free of disease, and only one case suffered local recurrence 6 mo after resection. Simultaneously, imaging did not show any evidence of distant or lymph node metastasis.

DISCUSSION
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]SCPFT is a rare fibroblastic differentiated mesenchymal tumor that belongs to the family of borderline lesions. In 2014, it was first reported that SCPFT exhibits unique histomorphological and immunophenotypic characteristics[1]. Microscopically, the tumors typically showed expansive growth with varying degrees of peripheral fat infiltration or dermal involvement. Medium-sized spindle to epithelioid cells were arranged in bundles and sheets with obvious nuclear atypia and pleomorphism, but mitosis was rare (< 1/50HPF). Spindle cells had abundant granular cytoplasm with no obvious nucleoli. Epithelioid polymorphic cells had coarse granular chromatin and prominent nucleoli with granular or transparent cytoplasm, and pseudoinclusions were occasionally visible in the nucleus. No necrosis or atypical mitosis was observed. Branched capillaries often appeared, especially in the bundle hyperplasia area of the tumor cells. A small number of scattered mast cells and lymphocyte infiltration were observed in the tumor interstitium. Immunohistochemical staining showed that CD34 was strongly expressed in all cases, and approximately 60% of the tumors expressed creatine kinase locally (AE1/AE3). Other markers included SMA and ALK, which label inflammatory myofibroblastic tumors; MDM-2 and CDK-4, which are used for the diagnosis of pleomorphic liposarcoma; S-100 protein and HMB45, which are used for the diagnosis of spindle cell malignant melanoma; STAT-6, which is used for the diagnosis of solitary fibrous tumors; and EMA, p53, CD68, and desmin, which are used for the diagnosis of angiomatoid fibrous histiocytoma. The tumors were negative for these markers. The proliferation index of Ki-67 was low, typically less than 2%[1-3]. 
In general, the histological and immunophenotypic features of our results were consistent with those reported in the literature. The difference is the highest Ki-67 index in case 3 of approximately 5%, which was also observed in some other cases[5,9]. Based on the histological and immunophenotypic characteristics of the tumors, Carter et al[1] hypothesized that these tumors are fibroblastic tumors. Recently, ultrastructural analysis has provided evidence of the differentiation of fibroblasts[4,5].
Molecular genetic studies of SCPFT have revealed no specific TGFBR3 or MGEA5 gene rearrangements, such as those that are found in myxomatous inflammatory fibroblastic sarcoma[1,2]. Thus, we used FISH to detect the expression of ALK and PDGFB genes, which are relatively specific gene markers for inflammatory myofibroblastic tumors and dermatofibrosarcoma protuberans, respectively. All of our four cases were subject to FISH analysis of ALK and PDGFB rearrangements, but rearrangements were not detected. These findings also demonstrate that this type of tumor is an independent entity that is different from inflammatory myofibroblastic tumors and dermatofibrosarcoma protuberans. Due to the limited number of cases, the cytogenetic characteristics of SCPFT have not been determined, and only one report found t(2;5)(q31;q31) chromosomal translocations[5].
Clinically, the age and lesion locations were similar to those reported in the literature in three of our four cases. These studies reported that most lesions were located in the subcutaneous tissue and superficial fascia of the extremities and rarely involved the deep muscles; in addition, no significant sex differences were noted. In case 4, the tumor location was deep and mainly located between the deep fascia and the muscles. The tumors typically present as painless, slow-growing masses in patients with a variety of medical histories. Imaging examinations, including computed tomography and magnetic resonance imaging, exhibited no specific abnormalities, which is similar to the findings noted for other superficial soft tissue tumors. These techniques revealed well‑marginated tumors without calcification in subcutaneous adipose tissue. However, part of the tumor margins appeared to slightly infiltrate the subcutaneous deep fascia. These tumors exhibited homogenous low signal intensity on T1-weighted images and high signal intensity on T2-weighted images with small lobulated structures[5]. The tumor diameters varied from 1.5 to 10 cm (average 4.1 cm). Sections of the tumors were typically solid, grayish-yellow to grayish-brown in color, and glossy.
When the lesion incision margins are negative, complete excision is preferred for patients with SCPFT; otherwise, enlarged resection is performed[2,10]. In addition, two cases of successful Mohs micrographic surgery have been reported[11,12]. The four patients in our group were followed for 13-57 mo. Only one of these patients had short-term local recurrence, and no additional recurrence was noted after extensive resection. These findings suggest that the biological behavior of the tumor is relatively inert. Short-term local recurrence occurred in case 4. Fortunately, all patients were classified as free of disease after intensive resection. In contrast, in the study by Carter et al[1], 12 out of their 13 cases demonstrated no evidence of recurrence after an average follow-up of 24 mo, and only one patient had regional lymph node metastasis at 7 years after marginal resection of the primary tumor. No special manifestations were noted after another follow-up period of 20 mo. 
SCPFT may share some morphological features with other superficial soft tissue tumors, and it is easily misdiagnosed as pleomorphic dermal sarcoma, dermatofibrosarcoma protuberans, plaque-like CD34-positive dermal fibroma, myxoinflammatory fibroblastic sarcoma, superficial solitary fibrous tumors, inflammatory myofibroblastoma, superficial myxofibrosarcoma, fibrous histiocytoma, epithelioid sarcomas, and PRDM10-rearranged soft tissue tumors. Pleomorphic dermal sarcoma is differentiated from SCPFT by numerous mitotic figures, infiltrative tumor margins, and the lack of diffuse CD34 positivity[13]. Dermatofibrosarcoma protuberans is typically characterized by a focally storiform arrangement, a region of high-grade sarcomatoid transformation with predominant mitotic images, necrosis, relatively decreased expression of CD34, and an increased Ki-67 proliferation index[14]. Plaque-like CD34-positive dermal fibroma (medallion-like dermal dendrocyte hamartoma) distinctively shows cellular band-like fibroblastic proliferation and CD34 positivity. However, the former is common in the papillary and adjacent upper reticular dermis, and the latter lacks deep-stained abnormal nuclei[15]. For myxoinflammatory fibroblastic sarcoma (acral myxoinflammatory fibroblastic sarcoma), the degree of atypical tumor cells is low in inflammatory and mucoid areas, and viral inclusion body-like giant cells can be observed. Myxoinflammatory fibroblastic sarcoma is often characterized by TGFBR3/MGEA5 gene rearrangements[16] and lacks diffuse CD34 expression. Superficial solitary fibrous tumors are more common in women and most often involve the head. The typical histologic features include irregular fascicles of spindled cells, staghorn-like blood vessels, and variable amounts of collagen. The tumor cells are positive for STAT6[17]. Inflammatory myofibroblastic tumor cells are arranged in bundles or whorls, which express myogenic markers but are negative for CD34 expression[18]. In addition, in some regions, irregular, polygonal, or exotic cells containing eosinophilic or basophilic endosomes are noted. The significant difference between CD34-positive superficial myxofibrosarcoma and SCPFT is the alternate distribution of mucus and cell areas and pseudolipoma-like cells with more mitotic figures[19]. Although scattered large pleomorphic fibroblastic cells with scarce mitotic figures may also be seen in an atypical benign fibrous histiocytoma, robust expression of CD34 is not observed[20]. Epithelioid sarcomas are mainly composed of epithelioid cells with some degree of atypia, mitosis, and necrosis. INI1 immunolabeling shows no loss of expression, which is a difference between SCPFT and epithelioid sarcoma[21]. A new tumor type, namely, PRDM10-rearranged soft tissue tumors, is a rare neoplasm characterized by pleomorphic morphology and a low mitotic count. Its morphologic spectrum overlaps with that of SCPFT, and more cases are needed to further distinguish them at the genetic level[22].

CONCLUSION
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK44]In summary, SCPFT is considered an independent tumor entity in the relevant literature; the World Health Organization has not yet formally named this tumor[23]. Similar tumors may be labeled as "low-grade spindle cell sarcoma or low-grade malignant fibroblastic tumors" in the course of routine diagnostic practice. The lesions in the reported cases lack the variety of spindle cell tumors located in superficial sites, express CD34, and are not entirely superficial. Thus, we believe that it is more appropriate to consider SCPFT as a polymorphic CD34-positive fibroblastic tumor. Therefore, it is of substantial practical importance to better understand the occurrence, histomorphology, and biological behavior of this tumor. Our findings might further contribute to knowledge of SCPFT, which may aid in its diagnosis, treatment, and prognosis. 

ARTICLE HIGHLIGHTS
Research background
Superficial CD34-positive fibroblastic tumor (SCPFT) is a newly discovered mesenchymal tumor that is mainly composed of fibroblasts. Given the lack of established diagnostic criteria, SCPFT is associated with a high misdiagnosis rate

Research motivation
We are writing this paper to further describe the histopathological characteristics and genetic characteristics of this entity so that pathologists can more accurately diagnose the disease.

Research objectives
The main purpose of this study was to further elucidate the characteristics of SCPFT; its genetic characteristics are of great concern to pathologists.

Research methods
We retrospectively analyzed the clinicopathological, immunohistochemical, and fluorescence in situ hybridization characteristics of four SCPFT patients treated at our institution.

Research results
In general, these tumors are mostly single well-defined nodules. Microscopically, the tumors were composed of irregular spindle to oval-shaped cells with eosinophilic and granular cytoplasm. A few scattered tumor cells were markedly polymorphic with hyperchromatic, abnormal, and pleomorphic nuclei that frequently displayed intranuclear pseudoinclusions. Hematoxylin–eosin staining of some tumors with interstitial mucoid degeneration was similar to that of mucinous fibroblastic sarcoma. Immunohistochemical staining showed that CD34 was strongly expressed in all cases, and approximately 60% of the tumors expressed CK locally (AE1/AE3). ALK and PDGFB gene rearrangements were analyzed in all four cases by fluorescence in situ hybridization. The four tumors were negative for ALK rearrangements, and PDGFB rearrangements were not detected.

Research conclusions
Our findings may further contribute to the recognition of SCPFTs, including the clinical context in which they arise; it is important to avoid confusion with other pleomorphic soft tissue tumors, particularly neoplasms in the group of pleomorphic sarcomas, which are typically aggressive tumors, as that could lead to unnecessary overtreatment.

Research perspectives
In follow-up work, more cases will be collected for comparative studies of the clinical and pathological aspects. An in-depth analysis will be conducted at the genetic level through second-generation sequencing to confirm the uniqueness of this entity and provide the basis for precise clinical treatment.
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Figure Legends
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[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Figure 1 Computed tomography showed that the tumor was located in the space between the sartorius muscle and tensor fascia lata muscle in front of the right thigh. A: Plain computed tomography scan of different layers of case 3 revealed that the tumor was located in the subcutaneous adipose tissue, and was well-circumscribed; B: Enhanced computed tomography revealed diffuse and weak enhancement in the tumor. Blue arrows indicate the tumor.
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Figure 2 Histological features of the tumor stained with hematoxylin and eosin. A: Relatively monomorphic spindled cells growing in intersecting fascicles (magnification, × 100); B: Infiltrating into the surrounding fibroadipose tissue focally (magnification, × 100); C: Epithelioid cells in the local area arranged in sheets and nests(magnification, × 400); D-F: A few scattered tumors cells exhibited irregularly hyperchromatic, bizarre, and pleomorphic nuclei with frequent intranuclear pseudoinclusions (black arrows) and rare mitotic figures(magnification, × 400); G: In some areas, tumor morphology was similar to that of inflammatory myofibroblastoma (magnification, × 100); H: In other areas, tumor morphology was similar to that of myxoinflammatory fibroblastosarcoma (magnification, × 400).
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Figure 3 Immunohistochemica characteristics of the tumor. A and B: CD34 was strongly and diffusely expressed in almost all of the tumor cells (magnification, A: × 100; B: × 400); C: Two cases were focally positive for CKpan (magnification, × 100); D: Ki-67 proliferation index was less than 2% (magnification, × 400); E: The proliferative index of case 3 was up to 5% locally (magnification, × 100); F: p53 was negative for tumor cells (magnification, × 400).
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Figure 4 ALK dual-color break-apart rearrangement probe detection by fluorescence in situ hybridization. All tested cases were negative for the inflammatory myofibroblastoma-associated ALK gene rearrangement.

Table 1 Clinicopathological features of four cases of superficial CD34-positive fibroblastoma
	Case
	Gender/Age
	Main symptoms
	Location
	Specimen type
	Size (cm)1
	Distant metastasis
	Treatment
	Follow-up (mo)

	1
	F/35
	Painless mass
	Upper part of the right thigh
	Resection
	2.5
	No
	Complete excision
	57; NR

	2
	F/27
	Painless mass
	Right lateral malleolus
	Resection
	3.0
	No
	Complete excision
	28; NR

	3
	M/47
	Mass of right lower limb with pain
	Left calf front
	Resection
	5.0
	No
	Expanded excision
	13; NR

	4
	M/51
	Progressive enlargement with tenderness
	Left proximal thigh
	Resection
	6.0
	No
	Expanded excision
	6; R


1Tumor major diameter. 
M: Male; F: Female; NR: No recurrence; R: Recurrence.

Table 2 Summary of immunohistochemical results for four cases of superficial CD34-positive fibroblastoma
	Marker
	CD34
	CK
	SMA
	EMA
	S100 
	HMB45
	MDM-2
	CDK-4
	ALK
	STAT-6
	p53
	CD99
	CD68
	Des
	Ki-67

	Case 1
	+
	-/+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1%

	Case 2
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	±
	-
	-
	2%

	Case 3
	+
	-/+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	5%

	Case 4
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2%
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