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Abstract. Dermatofibrosarcoma protuberans (DFSP) is a rare 
malignant tumor of subcutaneous tissue characterized by slow 
infiltrative growth. The tumor occurs in patients of all ages, 
with the highest frequency occurring between the second and 
the fifth decades of age. Genetically, DFSP is characterized by 
a reciprocal translocation t(17;22)(q22;q13), or more often, as 
a supernumerary ring chromosome involving chromosomes 
17 and 22. Standard treatment of a localized tumor is surgical 
excision with wide margins. In the present study, a case report 
of a 43‑year‑old woman with a growing tumor in the left 
breast is discussed. The patient underwent breast‑conserving 
surgery. Histological and cytogenetic examinations of the 
tumor resulted in a diagnosis of DFSP. The clinical and 
morphological characteristics of the tumor, in addition to the 
treatment options, were also evaluated.

Introduction

Dermatofibrosarcoma protuberans (DFSP) is a rare, 
slow‑growing, low‑grade tumor of putative dermal fibroblastic 
origin. All DFSP recurrence is in situ and it rarely metastasizes. 
It usually involves the trunk and extremities, although tumors 
may occur in any part of the body in children and adults. The 
incidence rate is reported to be ~5/1,000,000 people annu-
ally (1‑4). According to a previous study, the sex distribution 
is approximately equal, with a slight female predominance (4). 
The appearance of the tumor depends on the stage of the 
disease, since the tumor progresses slowly over a long period 
of time prior to entering a rapid growth phase (5). Genetically, 
DFSP is characterized by a reciprocal translocation t(17;22)
(q22;q13), or more often as a supernumerary ring chromosome 
involving chromosomes 17 and 22. This translocation mecha-
nism results in the transcriptional upregulation of the platelet 

derived growth factor subunit B (PDGFB) gene, in the form of 
a collagen type I α 1 chain‑PDGFB fusion oncogene (1,2,5). 
Patients often ignore these tumors due to their slow growth. 
DFSP breast involvement is rare, and is often misdiagnosed 
as a benign breast tumor, which delays treatment (3‑5). In the 
present study, a case report of a woman with locally advanced 
DFSP of the breast is discussed.

Case report

A 43‑year‑old Caucasian premenopausal woman with no 
previous medical history was referred to the Breast Unit of 
the Second Department of Gynecology and Obstetrics at the 
University Hospital of Bratislava (Bratislava, Slovakia) in May 
2016, due to the growth of a lump in the left breast. Physical 
examination revealed a superficial skin‑infiltrating, prominent 
6‑cm lump located at the border of the medial quadrants of the 
left breast (Fig. 1). The lump was painless and not adherent 
to the deep layers. Mammography suggested a circumscribed 
round and partially lobulated radiopaque lesion with sharp 
contours. The patient underwent wide excision of the tumor 
with sentinel lymphadenectomy. Gross examination revealed 
a 12.0x9.0x8.0‑cm segment of breast tissue with an unencap-
sulated circumscribed 6.2x6.2x5.0‑cm tumor with suspicious 
skin infiltration. Histologically, it was defined as a low‑grade 
mesenchymal tumor that had fish‑bone arrayed spindled 
fibroblastic cells with low/medium nuclear polymorphism, 
thin‑walled vessels without an epithelial component and high 
mitotic activity (10‑12 mitotic figures/10 high‑power fields). 
A prominent storiform cellular pattern was present (Fig. 2). 
The nine sentinel lymph nodes tested negative for metastases. 
The patient provided written informed consent with medical 
procedures, photographs and publication of results.

Immunohistochemical (IHC) analysis of the tumor with 
anti‑cluster of differentiation (CD)34 (mouse monoclonal anti-
body; clone QBEud/10; cat. no., 790‑2927; Ventana Medical 
Systems, Inc., Tucson, USA; ready to use; incubation time 
24 min at 36˚C) and anti‑CD10 (mouse monoclonal antibody; 
clone 56C6; cat. no., CMC11021040; Cell Marque™, Rocklin, 
USA; dilution 1:100; incubation time 32 min at 36˚C) was 
provided as specified elsewhere (5). It demonstrated positive 
results (Fig. 3). The tissue was negative for cytokeratins (CK)
AE1/3 (anti‑Pan Keratin (AE1/AE3/PCK26) primary mouse 
antibody; cat. no., 760‑2135; Ventana Medical Systems, Inc.; 
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ready to use; incubation 24 min at 36˚C), cytokeratin 7 (Novo-
castra™ liquid mouse monoclonal antibody; clone RN7; cat. 
no., NCL‑L‑CK7‑560; Leica Biosystems GmbH, Nussloch, 
Germany; dilution 1:300, incubation 36 min at 25˚C), cyto-
keratins 8/18 (mouse monoclonal antibodies; clone B22.1 & 
B23.1; cat. no., CMC81829040; Cell Marque™; dilution 1:500; 
incubation time 36 min at 36˚C), cytokeratin 19 (monoclonal 
mouse antibody; clone RCK108; cat. no., M0888; Dako A/S; 
Agilent Technologies, Inc., Santa Clara, CA, USA; dilution 
1:100; incubation time 32 min at 36˚C), S100 protein (mouse 
monoclonal antibody; clone 4C4.9; cat. no., CMC33021050; 
Cell Marque™; dilution 1:200; incubation time 16 min, 36˚C), 
desmin filament (mouse monoclonal antibody; clone D33; cat. 
no., 243M‑18, Cell Marque™; dilution 1:100; incubation time 
36 min at 36˚C), epithelial membrane antigen (EMA; mouse 
monoclonal antibody; clone E29; cat. no., CMC24729021; 
Cell Marque™; dilution 1:200; incubation time 32 min at 
36˚C), estrogen and progesterone receptors (rabbit monoclonal 
primary antibodies; clones SP1 and 1E2; cat. nos., 790‑4324 
and 790‑2223; Ventana Medical Systems, Inc.; ready to use; 
incubation time 32 min at 36˚C) and cytoplasmic staining with 
h‑caldesmon (mouse primary monoclonal antibody; clone 
h‑CD; cat. no., M3557; Dako A/S; Agilent Technologies, Inc.; 
dilution 1:200; incubation time 28 min at 36˚C). In addition, the 
tumor was negative for apoptosis regulator B cell lymphoma‑2 
(anti‑bcl‑2 primary mouse monoclonal antibody; clone 124; cat. 

no., 790‑4464; Ventana Medical Systems, Inc.; ready to use; 
incubation time 24 min at 36˚C), tumor protein p53 (anti‑p53 
primary antibody; clone DO‑7; cat. no., 790‑2912; ready to 
use; incubation time 32 min at 36˚C), cell surface glycoprotein 
CD99 (Dako CD99 mouse monoclonal antibody; clone 12E7; 
cat. no., M3601; Dako A/S; Agilent Technologies, Inc.; dilution 
1:200; incubation time 24 min at 36˚C), cell adhesion molecule 
CD31 (anti‑human CD31 mouse monoclonal antibody; clone 
JC70A; cat. no., M0823, Dako A/S; Agilent Technologies, Inc.; 
dilution 1:200; incubation time 36 min at 36˚C) and stem cell 
factor receptor CD117 (c‑kit rabbit monoclonal primary anti-
body; clone YR145; cat. no., 117‑R1; Cell Marque™; dilution 
1:800; incubation time 28 min at 36˚C). The IHC procedures 
were carried out on the BenchMark XT fully‑automated 
IHC/ISH staining slide system (Ventana Medical Systems, 
Inc.). The Ki67 proliferation index, evaluated according to the 
protocol of Knutsvik et al (6), was 10% (Fig. 3). A differential 
diagnosis of a solid fibrous tumor, dermatofibrosarcoma protu-
berans, or a spindle cell pleomorphic lipoma was considered, 
and the case was referred to a breast pathology specialist 
(Z.K.). Additional cytogenetic evaluations of collagen type I 
α 1 chain (COL1A1)/platelet derived growth factor subunit B 
(PDGFB) gene translocation were performed (P.G.).

Fluorescence in situ hybridization (FISH). The molecular 
cytogenetic detection of t(17;22)(q22;q13) was performed in 

Figure 1. Dematofibrosarcoma protuberans of the breast. (A) A circumscribed round, partially lobulated radiopaque lesion with sharp contour was revealed 
following an X‑ray digital mammography of the left breast. (B) A round tumor protruded above the surface of the skin in the medial quadrants of the left 
breast. (C) Gross examination revealed a 12.0x9.0x8.0‑cm segment of breast tissue with a circumscribed 6.2x6.2x5.0‑cm tumor, which was tan‑grey colored 
on the cut surface.
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formalin‑fixed paraffin‑embedded (FFPE) tissues via FISH. 
Tissue was fixed in 10% formalin at room temperature for 
24 h. Sections of FFPE tissue measuring 4 µm in thickness 
were placed on positively charged slides. Hematoxylin and 
eosin stained slides were examined to determine areas for cell 
counting. The unstained slides were routinely deparaffinized 
in xylene, incubated in 1X Target Retrieval Solution Citrate 
(pH 6; Dako; Agilent Technologies, Inc., Santa Clara, CA, 
USA) for 40 min at 95˚C, then digested in 0.5 mg/ml pepsin 
solution (Sigma Aldrich; Merck KGaA, Darmstadt, Germany) 
in 0.01 M HCl at 37˚C for 25 min. A total of 10 µl factory 
premixed probes ZytoLight® SPEC COL1A1 Dual Color Break 
Apart Probe, ZytoLight® SPEC PDGFB Dual Color Break 
Apart Probe and ZytoLight® SPEC COL1A1/PDGFB Dual 
Color Dual Fusion Probe (ZytoVision GmbH, Bremerhaven, 
Germany) were applied on specimens separately. The slides 
were incubated using a ThermoBrite instrument (StatSpin/Iris 
Sample Processing, Westwood, MA, USA) at 85˚C for 8 min 
and then 37˚C for 16 h. Subsequently, slides were washed in 
2X SSC/0.3% NP‑40 solution at 72˚C for 2 min and counter-
stained with DAPI (Abbott Molecular, IL, USA). This analysis 
revealed COL1A1/PDGFB fusion and confirmed the diagnosis 
of DFSP (Fig. 4). Following extensive serial sectioning of the 
tumor and immunohistochemistry, no signs of malignant 
transformation to a low‑grade fibrosarcoma were identified. 

The patient has been followed up and has continued without 
clinical signs of disease recurrence. At the time of writing the 
present report, it had been >6 months since the initial surgery 
and the patient had remained disease free.

Discussion

DFSP was first described by Darier and Ferrand (7) in 1924, 
and was termed by Hoffmann (8) in 1925. In 1962, Taylor and 
Helwig (9) described, in a review of 115 cases, the histologic 
characteristics of the neoplasia in detail, and characterized it 
as a fibroblastic growth appearing as a low‑grade sarcoma. 
DFSP typically occurs in the dermis and subcutis rather than 
in deeper soft tissue. Due to the rarity of breast DFSP cases, 
this condition is difficult to diagnose. Conventional mammog-
raphy usually reveals a subcutaneous oval mass with smooth, 
well‑defined margins  (2‑10). Magnetic resonance imaging 
(MRI) may be necessary for the localization and differential 
diagnosis of DFSP, and is particularly useful when primary 
DFSP is located in areas other than the head, neck and upper 
part of the thorax (10‑13). Chen et al (10) described the MRI 
appearance of DFSP in a male breast as a well‑defined lesion 
that has prolonged T1 and T2 relaxation times. On T1‑weighted 
imaging, the tumor was isointense, slightly hypointense or 
hyperintense compared with that in skeletal muscle. In a 

Figure 2. Hematoxylin‑eosin staining of tissue from a patient with dermatofibrosarcoma protuberans of the breast. (A) Tumor growth into the skin demonstrated 
a zone of uninvolved dermis with chronic inflammatory infiltrate and spindle cell proliferation adjacent to the overlying epidermis (magnification, x100). 
(B) Tentacles of tumor surround the residual structures of the mammary glands (magnification, x200). (C) Highly cellular and tight storiform patterning of cells 
that are monomorphic, thin, and spindly with hyperchromatic nuclei (magnification, x200). (D) Mitotic figure without atypical mitoses (magnification, x400).
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review by Millare et al (12), all 14 MRI T1‑imaged lesions 
were demonstrated to be isointense compared with those in 
muscle tissue. In a study by Jiang et al (2), targeted ultra-
sound of the breast revealed a hypoechoic mass lesion with 
irregular borders and no peripheral or internal blood flow. As 

DFSP metastasizes in 2‑5% of cases, extensive evaluations 
with computed tomography scans and laboratory tests are 
not usually recommended (5,13). Generally, imaging results 
for DFSP are nonspecific, but they may aid in defining the 
diagnosis in an appropriate clinical setting (11‑13).

Figure 4. Detection of chromosomal translocation t(17;22)(q22;q13) in paraffin‑embedded tissue from a patient with dermatofibrosarcoma protuberans of the 
breast using gene‑specific probes by FISH. (A) COL1A1 and (B) PDGFB break‑apart probes: Interphase nuclei with yellow signals indicate an intact COL1A1 
(PDGFB) locus. Orange signals denote additional copies of an unbalanced rearranged COL1A1 (PDGFB) locus. (C) COL1A1/PDGFB dual fusion probe: FISH 
detects separate orange and green normal signals, and multiple yellow (orange/green) fusion signals indicate COL1A1/PDGFB translocation. PDGFB, platelet 
derived growth factor subunit B; COL1A1, collagen type I α 1 chain; FISH, fluorescence in situ hybridization.

Figure 3. Immunohistochemical examination of tissue from a patient with dermatofibrosarcoma protuberans of the breast (200x). (A) Strong and diffuse 
staining for CD34 indicating spindle cell proliferation. (B) The index of Ki‑67 proliferative activity was 10% positive. (C) Focal weak staining for smooth 
muscle actin and (D) irregular weak/middle staining for CD10. CD, cluster of differentiation.
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Histologic classification recognizes several subtypes of 
DFSP: Pigmented (Bednar tumor), giant cell fibroblastoma‑like, 
atrophic, sclerosing, granular cell variant, fibrosarcomatous 
and myxoid DFSP  (5). A definitive diagnosis of DFSP is 
usually established on the basis of routine histopathological 
and immunohistochemical features. Immunohistochemical 
expression of CD34 has been considered as a diagnostic 
marker for DFSP. CD34 is expressed in 80‑100% of DFSP 
tumors (5,8,14,15). Factor XIIIa is useful in the differential 
diagnosis between DFSP and cellular fibrous histiocytoma (15). 
Novel immunohistochemical markers have been identified 
for use in differential diagnosis, including stromelysin III, 
apolipoprotein D, nestin and CD163 (5,16). Despite the pres-
ence of a fibrosarcomatous component in DFSP, DFSP differs 
from breast sarcoma in its cutaneous derivation  (15‑19). 
Fine‑needle aspiration cytology has low diagnostic accuracy 
for mesenchymal breast tumor. Core biopsy is considered the 
optimal procedure for diagnosing such tumors, though adjunc-
tive immunohistochemical analysis is often required (18‑21). 
However, a diagnosis from a core biopsy is often difficult. 
The differential diagnosis of solitary fibrous tumors (SFTs) is 
expansive, and a diagnosis based on core biopsy specimens 
can be challenging, since certain distinctive features of SFT, 
including alternating cellular and hypocellular architecture, 
and vascular pattern, may not be appreciable (15,19,21).

Genetically, DFSP is characterized by a reciprocal trans-
location t(17;22)(q22;q13), or more often, as a supernumerary 
ring chromosome involving chromosomes 17 and 22 (21‑23). 
These chromosomal rearrangements result in the fusion of 
the COL1A1 gene in chromosome bands 17q21 and 33 with 
the PDGFB gene in chromosome 22q13  (22). The main 
consequence of the t(17;22)(q22;q13) translocation is the 
overproduction of PDGFB by tumor cells, which leads to a 
constitutive activation of the PDGFB receptor, which is a type 
III tyrosine kinase receptor (23). The t(17;22)(q22;q13) trans-
location can be detected either by FISH on interphase nuclei 
and/or by multiplex reverse transcription‑polymerase chain 
reaction, which can be used to detect COL1A1/PDGFB fusion 
transcripts (5,21‑24).

Complete surgical resection is accepted as the optimal local 
treatment for DFSP. However, the minimum resection margin 
required to achieve local control remains undefined (25‑27). 
When DFSP has been excised with close margins, the local 
recurrence rates range between 26 and 60%. Following wide 
local excision (2‑3 cm), reported local recurrence rates are 
lower (0‑30%) (25‑27). Farma et al (26) suggested that with the 
use of a standardized surgical approach, including a meticu-
lous pathological evaluation of margins, a low recurrence rate 
(1%) was achievable with relatively narrow margins (median 
size, 2 cm), allowing primary closure in 69% of patients. DFSP 
is considered to be radiosensitive, although the role of adjuvant 
radiotherapy in treating this neoplasm remains uncertain (28).

As mentioned above, the main consequence of the t(17;22)
(q22;q13) in DFSP is the overproduction of PDGFB by the 
tumor cells, which leads to the constitutive activation of the 
PDGFB receptor  (5,22).The PDGFB receptor has tyrosine 
kinase activity and activates various intracellular signaling 
pathways  (5,21‑24). Imatinib mesylate (STI571; Gleevec®; 
Novartis International AG, Basel, Switzerland), a tyrosine 
kinase inhibitor, was used in the Imatinib Target Exploration 

Consortium Study B2225 (24), where 10 assessable patients 
were treated with the drug. The results demonstrated that 
imatinib may assist in disease control in patients with locally 
advanced or metastatic disease. In 4  patients, imatinib 
therapy produced substantial regression of locally advanced 
tumors prior to surgical resection. However, fibrosarcoma-
tous variants of DFSP lacking t(17;22) may not respond to 
imatinib (22,24,27,29). Fields et al (27) analyzed the therapy 
results from 244  patients with DFSP following a median 
follow‑up of 50 months. It was concluded that primary or 
recurrent treatment of DFSP should be excision with negative 
margins, which should result in low recurrence rates and infre-
quent metastatic spread. Multimodality treatment, particularly 
the use of tyrosine kinase inhibitors, could be effective, but 
should not be considered as curative (5,18,21,24‑29). DFSP 
follow‑ups subsequent to surgery are recommended for a 
minimum of 3 years, in 6‑month intervals (18).

In conclusion, DFSP is a rare breast neoplasm. Despite its 
classification as a tumor of intermediate malignancy with a 
limited potential for metastasis, DFSP does possess the poten-
tial for aggressive local behavior. Complete surgical resection 
is accepted as the optimal local treatment for DFSP. Imatinib 
may assist in disease control in patients with locally advanced 
or metastatic disease. Due to the rare involvement of the breast 
in patients with DFSP, the present study reports this unique 
case with the clinical features and histological and cytogenetic 
findings.
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