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Opinion statement

Cutaneous sarcoma is a group of malignant mesenchymal tumors primarily involving
the dermis, and it is characterized by extreme clinicopathological heterogeneity.
Although its occurrence rate is rare, dermatofibrosarcoma protuberans (DFSP) is
one of the most common types of dermal sarcoma. DFSP grows slowly and tends to
relapse locally after inadequate resection. There are various histological variants of
DFSP tumors and it often mimics benign lesions such as dermatofibroma and scar,
which make accurate diagnosis difficult and delayed, and some cases progress to the
stage where the tumor is unresectable. Recent advancements in cancer genetics and
molecular biology methods have elucidated the COL1A1-PDGFB fusion gene, some
novel fusion gene variants and pathways related to DFSP pathogenesis that have
resulted in the evolution of cutaneous sarcoma diagnosis and treatment. For example,
some clinical studies have confirmed the efficacy of imatinib methylate, an aPDGFR-
targeted therapy for unresectable or metastatic DFSP. The present review summarizes
recent updates in DFSP research, diagnostics, and treatment.
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Introduction

Cutaneous sarcoma is a group of malignant mesenchy-
mal tumor primarily involving the dermis. These tumors
are rare, but demonstrate extreme clinicopathologic and
genetic heterogeneity. Although cutaneous sarcoma is
thought to arise from dermal mesenchymal cells, the
exact histogenesis is not yet well established. Therefore,
cutaneous and soft tissue sarcomas are classified accord-
ing to the line of differentiation in a given neoplasm. In
other words, sarcomas show a broad range of differenti-
ation and are histologically classified according to the
non-neoplastic counterpart of mature tissue they resem-
ble, such as fibroblast (dermatofibrosarcoma
protuberans [DFSP]), smooth muscle (leiomyosarcoma),
and endothelium (angiosarcoma). The most common
primary cutaneous sarcoma is Kaposi sarcoma (KS)
(71.1%), followed by DFSP (18.4%), leiomyosarcoma
(2.2%), and angiosarcoma (1.6%) in the USA [1].

Although the most common type of KS in the USA is
AIDS-associated KS, KS is extremely rare in Japan. There-
fore, there is a great regional difference in the prevalence
of the dermal sarcoma subtype. Since cutaneous sarco-
mas show similar morphological features and are com-
posed of several subtypes and histological variants within
a single entity, it is often difficult to make an accurate
histological diagnosis. An accurate clinical diagnosis is
often delayed, making curative treatment sometimes
impossible.

Recent advancements in molecular pathology have
made it possible to classify sarcomas based on underly-
ing molecular alterations. In turn, this has enabled the
development and application of new molecular targeted
therapies to treat sarcomas. In the present review, we
discuss recent updates regarding DFSP research, differ-
ential diagnostics, and treatment.

Clinicopathological features of DFSP
- 0000000000000

DFSP is a low-grade and locally invasive soft tissue sarcoma that originates from
the dermis or superficial subcutis of young to middle-aged adults. These tumors
were initially characterized as keloid-like sarcomas and were named DFSP by
Hoffman in 1925 [2]. It accounts for approximately 5% of all soft tissue
sarcomas and 18% of all cutaneous soft tissue sarcomas, which are most
common in Japan and second common in the USA. The tumor location is
usually the trunk, the head and neck being the other common locations. In the
earliest growth phase, DFSP shows as polypoid protuberance or an indurated
plaque on the skin.

Histologically, DFSPs are composed of mildly atypical but uniform
spindle cells arranged in a prominent storiform whorled pattern, invading
the surrounding subcutaneous fat (Fig. la-c). Immunohistochemically,
DFSP tumor cells are strongly positive for cluster of differentiation (CD)
34 (Fig. 1d) and vimentin and negative for CD44, S100 protein, and factor
XIITa. Differential diagnoses of conventional DFSP include cellular
dermatofibroma (factor XIIla-positive; CD34-negative), fibrosarcoma un-
differentiated pleomorphic sarcoma (UPS), atypical fibroxanthoma,
desmoplastic melanoma, KS, and solitary fibrous tumor. However, it
should be noted that between 6 and 10% of DFSPs are CD34-negative
and approximately 15-25% are factor XIIla-positive [3-5]. In addition,
CD34 expression can also be observed in other sarcomas, such as
myofibrosarcoma, epithelioid sarcoma, and angiosarcoma, as well as some
benign fibrohistiocytic lesions. Therefore, many studies have attempted to
find more specific diagnostic makers able to distinguish DFSP from other
spindle cell tumors. For example, apolipoprotein D is reportedly highly
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Fig. 1. Histological appearance of classic dermatofibrosarcoma protuberans (DFSP). a, b Panoramic (a) and lower magnification (b)
view of DFSP infiltrating the surrounding adipose tissue (hematoxylin and eosin staining). ¢ Classical DFSP is comprised of
interwoven, dense, atypical spindle cells forming a storiform pattern. d Classical DFSP is generally reactive with anti-CD34
immunostaining. a-c Hematoxylin and eosin stain.

expressed in the cytoplasm of DFSP (9/10 cases) and DFSP variants (12/16
cases), including Bednar tumor and giant cell fibroblastoma, but not in UPS
[6].

The 10-year survival rate for patients with DFSP is 99.1%; factors related to
adverse treatment outcomes include advanced age, male sex, African heritage,
and anatomic location of the tumor, including limbs and head [7].
Fibrosarcomatous transformation worsens the prognosis (discussed later).
While the cellular origin of DFSP is unknown, principal theories of its histo-
genesis include precursor histiocytes, fibroblasts, and dendritic, perineural, or
endoneural cells.

Histological variants of DFSP

Unusual DFSP variants are comprised of at least 10 subtypes, most com-
monly including pigmented (Bednar tumor), myxoid, myoid, granular cell,
sclerotic, atrophic and fibrosarcomatous DFSPs, and giant cell
fibroblastoma (Fig. 2) |3, 8].

Giant cell fibroblastoma

Giant cell fibroblastoma (GCF) is a morphological variant of DFSP. Previ-
ously, GCF was considered as a juvenile form or precursor lesion of DFSP,
because this tumor is often observed in infants and children. However,
recent morphological, immunohistochemical, and molecular studies
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Fig. 2. Histological appearance of variants of dermatifibrosarcoma protuberans (DFSP). a Giant cell fibroblastoma is a DFSP variant
characterized by bizarre, multinucleated giant cells with cellular pleomorphism. b Giant cell fibroblastoma often shows pseudo
vascular pattern. ¢ Bednar tumor is a pigmented variant of DFSP characterized by DFSP with admixed melanin-bearing dendritic
cells. d Myxoid DFSP is characterized by moderately cellular areas with abundant pale to clear myxoid stroma. e Macroscopic feature
of plaque-Llike DFSP (atrophic DFSP) lesion (chest wall). It shows depressed plaque with reduction in dermal thickness. f, g The tumor
areas in the subcutis showing non-protuberance feature (f) and reactive with anti-CD34 immunostaining (g). a-d and f Hematoxylin
and eosin stain.

suggest that GCF is on a same spectrum with DFSP [9]. These tumors are
composed of loosely arranged, spindle to pleomorphic cells that are often,
multinucleated, and infiltrate into the dermis and subcutaneous tissue (Fig.
2a). Pseudovascular tissue spaces lined by multinucleated giant cells are
often observed (Fig. 2b) [9, 10]. Some studies have reported the occurrence
of a GCF in recurrent lesions following DFSP or Bednar tumors. Further-
more, although local recurrence has been observed, metastasis has not been
reported yet.

Pigmented DFSP (Bednar tumor)

Bednar tumor is a pigmented DFSP characterized by melanin-containing
dendritic cells. It was first reported by Bednar in 1957 [11], occurs predom-
inantly in persons of African heritage, and represents 1-5% of all DFSP
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cases [12]. The incidence of local recurrence from Bednar tumor is 11-13%,
which is lower than that from conventional DFSP (20-50%). Metastasis of
Bednar tumors is extremely rare and in later disease stages, and the principle
sites of metastasis include the lungs, bones, liver, pancreas, stomach, intes-
tine, thyroid, and brain [13]. Histologically, these tumors are characterized
by spindle cells arranged in a tight storiform pattern and admixed melanin-
containing dendritic cells (Fig. 2c). Ultrastructural studies have also con-
firmed the pigmented cells mostly contain mature or stage IV melanosomes
[14, 15].

While the origin of the Bednar tumor remains unclear and controversial, two
main theories propose its histogenesis via neuroectodermal differentiation or
melanocytic colonization. The differential diagnosis of Bednar tumor includes
fibrous histiocytoma, neurofibroma, malignant melanoma, and cellular blue
nevus. Immunohistochemically, the vast majority of Bednar tumors are CD34-
positive, but their positivity for melanocytic markers (e.g., human melanoma
black-45), and tyrosinase are controversial. While the first reported case by
Bednar was negative for S-100, some have reported cases where melanin-
containing dendritic cells were positive for usual melanocytic makers, including
$-100 [11].

The fact that conventional DFSP sometimes recurs as pigmented DFSP
supports the idea that these subtypes have different morphologic expression
of the same neoplasm.

Plaque-like DFSP (atrophic DFSP)

The very early clinical stage of DFSP is considered to be that of a non-
protuberant flat lesion, which eventually develops into the typical protuberant
form [16]. But in some cases, the lesion retains the non-protuberant feature.
This is called atrophic or plaque-like DESP, which is characterized by the
presence of a depressed plaque with more than 50% reduction in dermal
thickness. The dermal thickness is measured by comparing the subcutis with
the surrounding dermis and fat (Fig. 2e-g) [3]. The first case was reported by
Lambert in 1985 [17]. Atrophic DFSP tumors often occur in young adults
(median age, 24 years old), but may also occur in infants and children [18,
19]. Clinically, these tumors often mimic benign lesions, such as morphea,
atrophoderma, atrophic scars, anetoderma, lipoatrophy, or medallion-like der-
mal dendrocyte hamartoma [3].

Sclerosing DFSP (sclerotic DFSP)

Sclerosing or sclerotic DFSP is characterized by the existence of paucicellular
or hypocellular collagen accounting for at least 50% of the tumor [20-22].
This tumor is often misdiagnosed as other benign sclerosing lesions and
mesenchymal neoplasms, such as sclerosing epithelioid fibrosarcoma, scle-
rotic or desmoplastic LMS, and desmoplastic melanoma [20]. This variant is
often admixed with classical DFSP, and histological transition from classical
DEFESP to sclerosing DFSP has also been observed. Although its pathogenesis
remains unknown, some studies suggest its morphological features have
resulted due to the production of large amounts of collagen by neoplastic
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cells [22].

Myxoid DFSP

Myxoid DFSP is a DFSP subtype composed of stellate or spindle-shaped
tumor cells that are embedded in an abundant pale to clear, myxoid stroma
(comprising at least 50% of the tumor) (Fig. 2d); prominent but delicate
thin-walled blood vessels are also admixed. Clinically, myxoid DFSPs are
similar to conventional DFSP, and it is important to distinguish myxoid
DFSPs from benign tumors with myxoid stroma, such as spindle cell lipoma
[23]. Immunohistochemically, the majority of myxoid tumors are CD34-
positive and S-100-negative, similar to conventional DFSP. Furthermore,
these tumors sometimes coexist with focal areas of fibrosarcomatous and
giant cell fibroblastoma-like component [24-26].

Myoid DFSP

In 1996, Calonje and Fletcher first reported five cases of DFSP with myoid
differentiation [27]. This feature is more often associated with fibrosarcomatous
DFSP than with conventional DFSP [27-29]. The origin of myoid features is
thought to be myofibroblastic differentiated tumor cells or reactive
hyperproliferated pericytes or vessel wall smooth muscle [30].
Immunohistochemically, myoid tumor areas are CD34-negative, desmin-neg-
ative, and smooth muscle actin-positive.

Granular cell DFSP

Previously, three cases of granular cell variant of DFSP were described as tumors
characterized by an intimate mixture of spindle cells with a significant popula-
tion of cells having abundant lysosomal granules around eccentric nuclei and
prominent nucleoli [31]; these granules are diastase-resistant and periodic acid-
Schiff-positive [31].

Immunohistochemically, the granular cells are strongly positive for natural
killer cell inhibitory factor 1C3 but negative for S-100, neurospecific enolase,
and macrophage marker 387 (MAC387) [31].

Fibrosarcomatous DFSP

DFSPs occasionally exhibit high-grade histological transformation, namely
fibrosarcomatous DFSP (FS-DFSP). This phenomenon is observed in 10-
20% of DESP cases and increases the risk of recurrence (55%) and metas-
tasis (57%) typically resulting in adverse outcomes [32-35]. Histologically,
the fibrosarcomatous area is characterized by atypical spindle or pleomor-
phic cells with numerous mitoses arranged in a herringbone appearance
(Fig. 3a-e). Immunohistochemically, the fibrosarcomatous component is
distinguished by conversion to CD34 negativity (Fig. 3b) and an elevated
Ki-67 index (DFSP 8.9% + 6.3% vs FS-DFSP 21.5% + 5.1%) (Fig. 3c) [36],
but the detailed oncogenic mechanism of FS-DFSP is not clear. In our
previous study, we showed that microsatellite instability and p53 mutation
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Fig. 3. Histological and macroscopic appearance of DFSP with fibrosarcomatous component [FS-DFSP]. a, b The fibrosarcomatous
component (*) showed greater cell density than the conventional DFSP component (t) (a) as well as conversion to negative anti-
(D34 immunoreactivity (b). ¢ Ki-67 index is higher in fibrosarcomatous component (*) than in conventional DFSP component ().
d, e Fibrosarcomatous component often proliferates in fascicular (d) or herringbone (e) pattern. a, d, and e Hematoxylin and
eosin stain.

status may be associated with fibrosarcomatous changes in DFSP [37].
Another report showed p53 and mouse double minute 2 homolog
(MDM2) overexpressions in the fibrosarcomatous area and suggested that
those factors are involved in fibrosarcomatous transformation [38]. Our
recent study also showed fibrosarcomatous transformation was accompa-
nied by an activation of the protein kinase B (Akt)-mechanistic target of
rapamycin (mTOR) pathway [39]. FS-DFSP occasionally mimics other spin-
dle cell sarcomas such as malignant peripheral nerve sheath tumor
(MPNST), synovial sarcoma, and leiomyosarcoma. MPNST can be associat-
ed with neurofibromatosis type 1 and is characterized by frequent loss of
histone H3 tri-methylated at K27 (H3K27me3) modification. However,
surprisingly, loss of H3K27me3 modification was reported in 10-38% of
FS-DFSP cases, so this aberrant modification is not specific to MPNST [40,
41]. Synovial sarcoma has specific fusion gene such as S§18-SSX1 or SS18-
SSX2. Leiomyosarcomas show consistent expression of smooth muscle
markers such as desmin and h-caldesmon.

Fusion genes and genetic findings

DFSP is characterized by t(17;22)(q22;q13) translocation of supernumerary
ring chromosome or unbalanced linear translocation der(22) that results in
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the fusion of exon 2 of B-type platelet-derived growth factor (PDGFB) to
various exons (exons 6-49) of the collagen (COL) type 1 a1 (COL1A1) gene.
PDGFB breakpoints are constantly found in exon 2, whereas COLI1A1
breakpoints vary from exons 6-49. This fusion product has been identified
in 85-96% of cases. COL1A1-PDGEFB fusions lead to upregulation of PDGFB
receptor (PDGFRB) signaling through an autocrine activation loop [42, 43]. In
routine practice, diagnostic assays for detecting the PDGFB rearrangement in
DESP involve reverse transcriptase-polymerase chain reaction (RT-PCR) and
fluorescence in situ hybridization (FISH) with dual fusion or break-apart probes.
A COL1A1-PDGEFB fusion gene or PDGFB rearrangement is considered to be
present if found in at least 10% of tumor cells by FISH.

Previous cytogenetic studies have reported the possibility of other trans-
location events, including t(2;17)(q33;925), t(17;22)(q22;q13),
1(9;22)(q32;q12.2), t(5;8)(q13-14;p21), and t(X;7)(q21.2;q11;2). Recent-
ly, three novel fusion gene variants (COL1A2-PDGFB, COL6A3-PDGFD, and
elastin microfibril interface 2 [EMILIN2]-PDGFD) were identified from
DFSP using RNA-sequencing [44e, 45¢, 46e] (Table 1). A COLGA3
breakpoint occurred in exon 42 in most of cases (n = 8/9), whereas COL1A1
breakpoints varied. COL6A3 overexpression has been observed in various
carcinomas, including gastric, ovarian, colorectal, and pancreatic cancers.
Clinicopathological, morphological, and immunohistochemical features of
DFESPs with COL6A3-PDGFD fusion gene are identical to those of conven-
tional DFSP with PDGFR-COL1A1 [45e, 46e].

PDGEFD is a newly identified isoform of PDGFs. The PDGF family comprises
four different polypeptide chains encoded by different genes: classical PDGFA
and PDGFB and the novel PDGFC and PDGFD. PDGFD specifically binds to
and activates beta-receptors [10]. The main pathological effect of PDGFR acti-
vation is cellular proliferation and migration.

Previously, two cases of FS-DFSP containing EMILIN2-PDGFD were reported.
In addition, both cases showed homozygous cyclin-dependent kinase inhibitor
(CDK) 2A (CDKN2A) deletion, which is often observed in hypercellular areas of
conventional DFSP and FS-DFSP [45e, 47]. It remains controversial whether
fibrosarcomatous transformation is related to EMILIN2-PDGFD fusion tran-
scripts or not.

Recently, Saab et al. reported a case of DFSP-like tumors with COL1A1 copy
number gain in the absence of t(17;22) [48]. This case showed similar mor-
phology to DFSP, as well as CD34 expression, and responded to imatinib
therapy. Therefore, this case might be a novel molecular variant of DFSP. An
awareness of PDGFB-COL1A1-negative DFSP is important for pathologists
because it will not be detected using conventional RT-PCR- or FISH-based

Table 1. Fusion genes and breakpoints

Fusion genes
COL1A1-PDGFB
COL1A2-PDGFB
COL6A3-PDGFD
EMILIN2-PDGFD

5' gene breakpoint 3’ gene breakpoint Reference #
COL1A1 (exon6-49) PDGFB (exon?2) [3]

COL1A2 (exon26) PDGFB (exon?2) [44°]

COL6A3 (exon42-43) PDGFD (exon6) [46°]
EMILIN2 (exon4) PDGFD (exon6) [45¢]
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diagnostic assays for DFSP. These fusion genes described above are summarized
in Table 1.

Treatment of DFSP

DEFSP can be treated by local excision with wide margins (2.8-4 cm). Due to
the difficulty in obtaining clear surgical margins, Mohs micrographic sur-
gery is typically used and leads to a significantly lower recurrence rate [49].
Nonetheless, DFSP has a high recurrence rate as approximately 17-90%
cases recur locally and approximately 1-6% distantly metastasize, predom-
inantly to the lung [34, 50]. In addition, DFSP responds poorly to conven-
tional chemotherapy. Recent advances in DFSP genomic and molecular
studies led to the identification of various candidates of molecular targeted
therapies. Various molecular targeted therapies, (described below), have
been utilized to treat the unresectable DFSP. However, to date, only a
tyrosine-kinase inhibitor, imatinib mesylate, has proven to be a highly
promising therapeutic option.

Mohs micrographic surgery

Conventional resection with predetermined margins has only evaluated the
limited histological margin because of using representative vertical section.
Mohs micrographic surgery is a horizontal sectioning technique that can
evaluate 100% of the surgical margin. The lesion is excised with a narrow
margin of normal tissue 45 degrees from the standard vertical cut. Then, the
tissue is pressed flat so that the peripheral margins are flattened into the
same plane for sectioning. Finally, the tissue is rapidly frozen and sectioned
in a microtome. For more information on this technique, see the article of
Acosta and Vélez [51].

Conventional chemotherapy

To date, no conventional chemotherapy has been reported to be effective
against DFSP, with one exception, a pediatric case showing favorable outcome
after administration of vinblastine (6 mg/m?) and methotrexate (20 mg/m?)
[52]. Before applying vinblastine and methotrexate, the patient had been given
vincristine, actinomycin, and cyclophosphamide therapy; however, there was
no response.

Radiotherapy

DFSPs are moderately radio-responsive. Several previous reports have
shown that adjuvant radiotherapy decreased the risk of local recurrence,
especially in patients with close or positive margins [53-55]. Meta-analysis
of two retrospective cohort studies revealed that there was no significant
difference in pooled odds ratios between adjuvant radiation therapy and
surgery alone (odd’s ratio 0.31; P=0.07). However, there was a trend of
lower recurrence toward adjuvant radiotherapy with positive or close surgi-
cal margins (33%) versus surgery alone (17.3%) [56]. The recommended
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dose varies from 50 to 70 Gy and depends on the residual tumor size and site
[57]. Although some cases using preoperative radiotherapy have been reported,
the effectiveness is largely unknown because case sizes are still small.

Recently, various molecular target therapies have been attempted for DFSP.
Since COL1A1-PDGFB fusions lead to upregulation of PDGFRB signaling
through autocrine activation loops [58], administration of the tyrosine-kinase
inhibitor imatinib mesylate (specifically inhibits breakpoint cluster region/
Abelson murine leukemia, KIT, PDGFRA, and PDGFRB) is currently Food and
Drug Administration-approved for adults with unresectable recurrent or meta-
static DFSP in the USA (though not in Japan). The combined results of two
phase II studies by the European Organization for Research and Treatment of
Cancer and Southwest Oncology Group show a 50% response rate with ima-
tinib regardless of dose (400 or 800 mg/day). In 2010, a phase II multicenter
trial of neoadjuvant imatinib therapy for 2 months reported nine out of 25
(36%) patients achieved a clinical response [29]. The median decrease in tumor
size was 20.0%, and tumors showed reduced cellularity and hyaline changes
after treatment.

In metastatic DFSP, imatinib has been shown to result in a median survival
of more than 19 months but had unfavorable outcomes with FS-DFSP [59].
Unfortunately, imatinib response rates are only approximately 50% in most
DFSP cases, transient in FS-DFSP cases, and are associated with nonresponse in
pigmented DFSP [59]. Imatinib has also reportedly ineffective for treatment of
DFSP without COLIAI-PDGEB [59, 60].

Resistance to imatinib often emerges rapidly. However, the biological mech-
anisms of resistance to imatinib are not well characterized in DFSP. Stacchiotti
et al. reported low level of PDGFRB phosphorylation, such as of Akt and extra-
cellular signal-regulated kinase 1/2, in the presence of high levels of pS6 and
p4EBP1 are associated with imatinib resistance [61]. Recently, homozygous
deletion of CDKN2A and CDKN2B was identified in DFSP and it is associated
with loss of p16 expression and imatinib resistance [47]. Loss of the p16/
CDKN2A/inhibitors of CDK4A locus at 9p was also reported in metastatic FS-
DESP [47]. Oh et al. proposed a clonal evolution model to explain imatinib
resistance in DFSP by analyzing whole exome sequencing data of serial tumor
samples obtained from a patient with a 10-year history of recurrent and metasta-
tic 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.

Sunitinib is an oral multitargeted receptor tyrosine-kinase inhibitor that in-
hibits PDGFR, vascular endothelial growth factor receptors 1-3, KIT, colony
stimulating factor-1 receptor, and fms-like tyrosine-kinase-3. Its binding capac-
ity for PDGFRB is approximately 10-times greater than that of imatinib [63].
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Sunitinib therapy is approved by the U.S. FDA for the treatment of renal cell
carcinoma (RCC) and imatinib-resistant gastrointestinal stromal tumor (GIST).
Sunitinib treatment has been shown to have favorable outcomes for patients
with DFSP after imatinib failure [64, 65].

Sorafenib

Sorafenib is also an oral multikinase inhibitor approved by the U.S. FDA for the
treatment of unresectable hepatocellular carcinoma, RCC, and metastatic or
recurrent thyroid carcinoma, which targets both RAF family of serine/threonine
kinases and the tyrosine-kinase receptor VEGFR-2 (KDR), VEGFR-3 (Flt-4), Flt-
3, PDGFR, and KIT [66]. Kamar et al. reported effective sorafenib (800 mg/day)
treatment of recurrent DESP after imatinib failure [67]. This case showed a
dramatic response with 5 months of progression-free survival.

Pazopanib

Pazopanib is a multitargeted tyrosine-kinase inhibitor with high affinity for
vascular endothelial growth factor receptor and lower affinity for PDGFR.
Reports of its efficacy are controversial [68, 69]. Although PDGFR is an essential
therapeutic target of DFSP, epidermal growth factor receptor, insulin receptor,
and insulin-like growth factor I receptor phosphorylation [59, 61], as well as
increased epidermal growth factor receptor expression with DFSP progression
to high-grade sarcoma, have also been reported [70].

Everolimus

Everolimus is a mammalian target of rapamycin (mTOR) inhibitor. Upreg-
ulation of PDGFB is known to activate Ras-mitogen-associated protein
kinase and phosphatidylinositol-3-kinaseK-Akt-mTOR pathways leading
to cell growth and differentiation [39]. A single case of imatinib-resistant
fibrosarcomatous DFSP with a beneficial response to everolimus treatment
has been reported [61].

Programmed death (PD)-ligand 1 (PD-L1)

Recently, immunotherapy targeting the PD-1/PD-L1 pathway has been reported
to be effective against various malignancies. PD-1/PDL1 interaction inhibits the
function of T cells and tumor-infiltrating lymphocytes and blockade of the
interaction by anti-PD-L1 antibodies brakes the immune tolerance, and a case
of DFSP with PD-L1 expression has been reported [69]. In this case, PD-L1
expression was observed in the metastatic tumor but not in primary tumors
without fibrosarcomatous changes.

Other drug candidates

As DFSP is often more aggressive during pregnancy, hormonal receptors have
been investigated [71, 72]. Progesterone receptors have been found to be
expressed in approximately 30% of pregnant DFSP cases, whereas estrogen
receptor expression is controversial [71-73]. These results suggest progesterone
expression might be associated with DESP growth.
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Conclusion

Stacchiotti et al. reported FS-DFSP showed upregulation of enhancer of zeste
homolog 2 (EZH2), a histone H3H3K27 methyltransferase [74]. Aberrant overex-
pression of EZH?2 is also found in various malignant tumors, such as those of
prostate cancer, breast cancer, ovarian cancer, and non-Hodgkin's lymphoma and
is associated with poor outcomes [75-77]. EZH2 functions as a transcriptional
suppressor and as a transcriptional co-activator, depending on H3K27me3 or not
[78]. Phase 1 clinical trial of tazemetostat, an EZH2 inhibitor, in patients with
relapsed or refractory B cell non-Hodgkin’s lymphoma and those with advanced
solid tumors was completed and durable objective responses were observed in
38% of patients with B cell non-Hodgkin lymphoma and 5% of patients with solid
tumors [77]. These results suggest EZH2 may be a druggable target for DESP.

Aurora kinase A (AURKA) is a G2-M kinase involved in cell division.
Aberrant AURKA overexpression has been observed in many malignancies,
including gastrointestinal tract cancer, pancreatic cancer, and sarcoma. A
phase II clinical trial study of the AURKA inhibitor MLN8237 (alisertib) for
treatment of sarcoma showed a median progression-free survival of
11.7 weeks [79]. Furthermore, a Japanese group reported AURKA overex-
pression in the vast majority of DFSP tumors examined, and its expression
levels significantly correlated with CD34 expression [80]. Any DFSP patients
participate in the phase II trial of AURKA inhibitor, but AURKA overexpres-
sion in DFSP may present the potential efficacy of alisertib therapy for the
treatment of patients with DFSP.
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