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Simple Summary: Wide surgical excision is the standard treatment for dermatofibrosarcoma protu-
berans. Imatinib mesylate has been reported as an efficient neoadjuvant therapy to surgery in order to
reduce tumor size and post-operative relapses for locally advanced or unresectable tumors. The aim
of this study was to evaluate the long-term status of patients with advanced dermatofibrosarcoma
protuberans treated by neoadjuvant tyrosine kinase inhibitors. Based on the data of 27 patients
in our center, locally advanced and unresectable DFSP were efficiently treated with neoadjuvant
tyrosine kinase inhibitors followed by complete surgery with micrographic analysis with durable
local recurrence disease-free survival and few severe adverse events.

Abstract: In locally advanced dermatofibrosarcoma protuberans (DFSP), imatinib mesylate has been
described as an efficient neoadjuvant therapy. This retrospective study included patients with locally
advanced DFSP who received neoadjuvant TKI (imatinib or pazopanib) from 2007 to 2017 at Saint
Louis Hospital, Paris. The primary endpoint was the evaluation of the long-term status. A total
of 27 patients were included, of whom nine had fibrosarcomatous transformation. The median
duration of treatment was 7 months. The best response to TKI treatment before surgery, evaluated
according to RECIST1.1 on MRI, consisted of complete/partial response (38.5%) or stability (46.2%).
DFSP was surgically removed in 24 (89%) patients. A total of 23 patients (85%) were disease-free
after 64.8 months of median follow-up (95% confidence interval 47.8; 109.3). One patient developed
distant metastases 37 months after surgical tumor resection and finally died. Two patients (7%) did
not get surgery because of metastatic progression during TKI treatment, and one patient refused
surgery even though the tumor decreased by 30%. Treatment-related adverse events (AE) occurred in
23 patients (85%). Only four patients (imatinib: n = 3, pazopanib: n = 1) had grade ≥3 AE requiring
temporary treatment disruption. Neoadjuvant TKI followed by complete surgery with micrographic
analysis is an effective strategy for locally advanced and unresectable DFSP, with durable local
recurrence disease-free survival.
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1. Introduction

Dermatofibrosarcoma protuberans (DFSP) is a rare soft-tissue sarcoma [1] representing
approximatively 6% of all soft-tissue sarcomas and characterized by slow infiltrative growth
of CD34+ spindle cells with high risk of local recurrence and low rate of metastasis [2].
Although most tumors are low-grade, a high-grade fibrosarcomatous component is found
in 10–20% of cases [3].

The standard treatment of localized primary or recurrent cases is wide excision to
obtain tumor-free margins. A complete surgery with micrographic analysis of margins
reduces the local recurrence rate to less than 10% [4,5]. However, in some cases, the first
resection is not possible due to tumor extension or size, or the risks of cosmetic or functional
impairment [6]. Metastatic disease and local relapse after a complete surgical resection are
closely related to fibrosarcomatous transformation [7–9].

DFSP is characterized by a genomic rearrangement involving chromosomes 17 and 22,
in a supernumerary ring chromosome containing chromosomes 17 and 22 sequences, or in
a reciprocal balanced translocation t (17; 22) (q22; q13). It leads to the fusion of collagen
1 alpha 1 (COL1A1) and platelet-derived growth factor beta (PDGFβ) genes [3,10–12]. The
result of this rearrangement is an abnormal activation through an autocrine loop of the
PDGFβ, which is a potent mitogen for mesenchymal cells that activates the Ras MAPK
and PI3K–AKT–mTOR pathways, leading to cell growth and differentiation [11,13,14].
The identification of dysregulated expression of PDGFβ led to the use of tyrosine kinase
inhibitors (TKI), such as imatinib mesylate, to treat patients with unresectable, recurrent,
or metastatic DFSP [15,16]. Several studies have shown the benefit of neoadjuvant imatinib
to reduce tumor size, facilitating complete surgical resection and decreasing early post-
operative relapses [12,17–19].

Although imatinib is the main TKI for treatment of DFSP, pazopanib could be used
in case of failure of imatinib in unresectable tumors. It is a multityrosine kinase inhibitor
(VEGF, PDGF, KIT) with anti-angiogenic activity, which is also approved in soft-tissue
sarcomas [20–23]. Given the rarity of this tumor, there are very few reports of a cohort of
DFSP patients treated with imatinib as a neoadjuvant treatment, with a long-term follow
up [24].

The aim of this study was to evaluate the long-term outcome of patients with locally
advanced DFSP treated by neoadjuvant TKI (imatinib or pazopanib).

2. Materials and Methods
2.1. Study Design

We conducted a retrospective monocentric study of all patients with histologically
proven locally advanced DFSP at Saint-Louis Hospital Paris, who received neoadjuvant
TKI (imatinib, pazopanib) from November 2007 to February 2017. Patients were selected
from the multidisciplinary tumor board records. The inclusion criteria were locally ad-
vanced and unresectable, primary, or recurrent DFSP, without metastasis, and confirmed by
pathological examination. The first surgical resection was not feasible because of aesthetic
or functional risks, such as head and neck tumors, locoregional invasion of underlying
structures: tendon, muscle, bone, or periosteum. Non-resectability criteria were also appre-
ciated by the surgeon who evaluated that he could not perform complete surgery without
sequelae. Hence, these patients were eligible for a neoadjuvant treatment. All the patients
had cytogenetic confirmation of the presence of COL1A-PDGFβ (by fluorescence in situ
hybridization (FISH)). This study was approved by the local ethical committee. Informed
written consent was obtained for all patients.

2.2. Treatment

The neoadjuvant TKI treatment consisted of imatinib mesylate 400 to 800 mg once
daily depending on the tolerance, or pazopanib 600 to 800 mg daily. In case of grade 3
or 4 toxicities, the treatment was interrupted and resumed at a lower dose after adverse
event resolution (≤grade 1). The switch from one to the other TKI was authorized in
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case of limited toxicity or lack of efficacy (progression disease according to RECIST 1.1) as
well as the switch to another TKI (sunitinib, nilotinib, two multityrosine kinase inhibitors
targeting the PDGR receptor) in case of progression disease according to RECIST 1.1. The
first tumor evaluation after TKI introduction was performed at month 3 and then every
3 months until surgery was performed. No maximum duration of treatment was planned.
Feasibility of resection, depending of radiological response, was discussed regularly in a
multidisciplinary board comprising an experimented surgeon and radiologist. Adjuvant
radiotherapy was optional and was discussed for each patient individually, depending on
tumor size and fibrosarcomatous transformation status.

2.3. Endpoints

The primary endpoint of this study was the long-term status from the date of complete
tumor resection to the date of relapse (local or metastasis), death due to any cause, or the
most recent follow-up. The follow-up after surgery consisted of clinical examination
with local MRI every six months and associated with a chest CT scan for patients with
transformation. Secondary endpoints included radiological response before the surgery
using RECIST 1.1 criteria, histological response based on surgical specimen analysis, and
safety using the Common Terminology Criteria for Adverse Events v5.0.

2.4. Pathological and Immuno-Histochemical Examination

Pre-TKI biopsies and post-TKI surgical resection specimens were retrospectively
analyzed by a trained dermatopathologist. Analysis performed on the biopsy samples
evaluated mitotic index, CD34 staining, and fibrosarcomatous transformation. Maximal
histological diameter and thickness were studied on the surgical specimens. Therapeutic
response was evaluated by the percentage of the surface response, the location of this
response with the deepest anatomic structure invaded, the density of tumor-infiltrating
lymphocytes (TILs), and mitotic index post TKI.

3. Results
3.1. Patients

Patients characteristics at baseline are summarized in Table 1. Twenty-eight patients
received TKI as neo-adjuvant therapy during the study period. One patient was excluded
from the analysis because of lung metastatic disease that was retrospectively present before
inclusion. A total of 27 patients were included in the study, of whom nine had pathological
fibrosarcomatous transformation on pre-TKI biopsy. The COL1A-PDGFB fusion gene was
detected in all patients using fluorescence in situ hybridization technique. There was a
predominance of men (56%). Median tumor size (longest diameter determined by clinical
assessment) was 6.0 cm (interquartile range (IQR) = (5.0; 11.3)). The median age at the
beginning of the TKI treatment was 45.1 years old (IQR (38.1; 49.6)) (Table 1). Lesions
were localized on the trunk (n = 16), scalp/face (n = 9), and limbs (n = 2). Locoregional
invasion of underlying structures were present in 19 patients: tendon (n = 3)/muscular
(n = 9), bone abutment (n = 5)/periosteum (n = 2). Seventeen patients had been previously
treated by large but incomplete surgical resection before receiving TKI treatment because
the diagnosis of DFSP was not initially suspected and clinically relapsed.

3.2. Treatment

Twenty-two patients received imatinib (median dose = 600 mg/day), two received
pazopanib (median dose = 700 mg/day), and three received several TKI due to side
effects or inefficiency of the first TKI before surgery (Table 1). For one patient, imatinib
was replaced with pazopanib because of cholestasis, and for two patients, imatinib was
replaced respectively with pazopanib or sunitinib and nilotinib because of progression
with imatinib. Median treatment duration was 7 months (IQR (4.61; 12.48)).



Cancers 2021, 13, 2224 4 of 11

Table 1. Patients characteristics at baseline, and treatment characteristics N = 27 patients.

Characteristics N Median (Q1; Q3) or N %

Age at DFSP diagnosis
(years) 44.2 (33.6; 47.19)

Sex
Men 15 (55.55%)

Women 12 (44.45%)

Localization
Trunk 16 (60%)

Scalp + Face 9 (33%)
Limbs 2 (7%)

Diameter:
Clinical (cm) 6 (5; 11.25)

Radiological (cm) 5.1 (3.5; 8.6)

Fibrosarcomatous transformation
No 18 (66.67%)
Yes 9 (33, 33%)

FNCLCC grade 1 3
FNCLCC grade 2 3
FNCLCC grade 3 3

Previous therapy for DFSP
Surgery without margins 17 (63%)

None 10 (37%)

Type of neo-adjuvant TKI
Imatinib 22 (81%)

Pazopanib 2 (7%)
Pazopanib to Imatinib * 1 (0.04%)
Imatinib to Pazopanib ** 1 (0.04%)

Imatinib/Sunitinib/Nilotinib ** 1 (0.04%)

Dose mg (median, range)
Imatinib 600 (400–800)

Pazopanib 700 (600–800)

Median duration (months) 7.02 (4.607; 12.48)

Number of surgeries needed to obtain clear
margins

1 10 (42%)
2 10 (42%)

3 or more 4 (16%)
Not applicable 3

Adjuvant treatment
Radiotherapy 3 (11.11%) ***

* Switch because of cholestasis. ** Switch due to therapeutic failure of imatinib. *** Two patients with fibrosarco-
matous transformation and one with progression with imatinib and pazopanib before surgery.

DFSP was surgically removed in 24 patients (89%) after a median follow-up of
7 months. Two patients (7%) did not get surgery because of metastatic progression during
TKI treatment (respectively 14 and 11 months after starting TKI), and one patient refused
surgery even though the tumor decreased by 30% and was lost during follow-up.

The first surgery was performed within 2 weeks after TKI withdrawal. The initial
surgical margins were delineated based on the border of the palpable lesions and were
comprised between 10 and 20 mm, which were chosen according to the localization, the
skin laxity, and the size of the tumor margins. Pathological analysis used the ‘vertical
modified technique’. The first resection was complete for 10 patients (42%), but additional
surgical resections were needed to obtain clear margins for other patients (10 patients with
two resections and four patients with three or more resections). Three patients received
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adjuvant radiation therapy completing surgical resection, as two of them presented tumor
progression under neoadjuvant imatinib requiring its switch with another TKI. The third
patient received adjuvant radiotherapy because the primary tumor was larger than 20 cm
with a fibrosarcomatous transformation (Table 1).

3.3. Efficacy

Twenty-three patients (85%) were disease-free after a median follow-up of 64.8 months
(IC at 95%: (47.8; 109.3)). One patient developed several metastases (subcutaneous, pul-
monary, pleural, lymph nodes, adrenal glands) 37 months after the complete surgical
resection, with no local relapse, and they died after 8 years. Concerning the three patients
who did not get surgery, two patients presented metastatic progression during TKI but
were alive at the end of the study, and the third patient presented a stability disease under
TKI and was lost during follow-up. The best response to TKI treatment before the surgery
evaluated on MRI consisted of complete response (CR) in 7% (two of 26), partial response
(PR) in 30% (eight of 26), stable disease (SD) in 46% (12 of 26), or progression disease
(PD) in 15% (four of 26). Thus, two patients with radiologically PD had finally complete
surgery requiring wide resection and skin grafting. No imaging data were available in
the records for one patient. The disease control rate (CR, PR, and SD) was 85%. Pre and
post-MRI evaluation showed a median decrease of 24% (IQR (−0.38; 0)) of the maximal
tumor diameter when compared to initial tumor diameter (Figure 1, Table 2). Among the
patients with fibrosarcomatous DFSP, one patient (11%) had CR, one patient (11%) had PR,
four patients (44%) had SD, and two patients (22%) had PD.
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Table 2. Tumor evaluation.

Best Response to TKI (RECIST) N (%)

For all patients
Complete Response (CR) 2 (7, 69%)

Partial Response (PR) 8 (30, 77%)
Stability Disease (SD) 12 (46, 15%)

Progression Disease (PD) 4 (15, 38%)
Not available 1

DFSP without transformation
Complete Response (CR) 1 (5, 55%)

Partial Response (PR) 7 (38, 89%)
Stability Disease (SD) 8 (44, 45%)

Progression Disease (PD) 2 (11, 11%)

DFPS with transformation
Complete Response (CR) 1 (11, 11%)

Partial Response (PR) 1 (11, 11%)
Stability Disease (SD) 4 (44, 45%)

Progression Disease (PD) 2 (22, 22%)
Not available 1

Last known status N (%)
No evidence of disease (NED) 23 (85, 19%)

PR 0 (0%)
SD with refusal of surgery 1 (3, 70%)

PD with metastasis after complete resection (R0) 1 (3, 70%)
PD before surgery 2 (7, 41%)

3.4. Histological Analysis

Among the 24 patients who had surgery, 23 had histological analysis in our center.
Histopathological response was characterized by a decrease in a cellular density and modi-
fications of extracellular components with varying degrees of hyalinic fibrosis. Localization
of the histopathological therapeutic response was patchy (n = 10), diffuse (n = 7), central
(n = 4), peripheral (n = 1), or absent (n = 1). The median percentage of therapeutic response
surface was 65% (range 0–95%). The tumor-infiltrating lymphocytes after TKI were absent
in 1 (4%), non-brisk in 21 (91%), and brisk in 1 (4%) patients (Figure 2). CD34 was expressed
in all surgical specimens after TKI treatment. Median maximum tumor thickness was
16 mm (range 5–55). The last anatomic structure invaded by the tumor was subcutaneous
fat in eight cases, sub-aponeurotic adipose tissue in seven cases, and striated skeletal
muscle in eight cases. Before TKI treatment, the median mitotic index on initial biopsy
(including the patients with progression before surgery) was 4. After TKI treatment, the
median mitotic index, evaluated on surgical specimen was reduced to 0. On average, the
mitotic index decreased after TKI by 60% (range: −100%–+60%) (Figures 1 and 2).

3.5. Safety

Treatment-related adverse events occurred in 23 patients (85%). These were asthenia
(grade 1 or 2, n = 14), edema (grade 1, n = 9), diarrhea (grade 1 or 2, n = 4), abdominal
pain (grade 1, n = 3), muscle pain (grade 1, n = 2), acid reflux (grade 1, n = 1), aphthous
stomatitis (grade 1, n = 1), thrombopenia (grade 1, n = 1), tachycardia (grade 1, n = 1),
transient memory loss (grade 1, n = 1), CPK increased (grade 2, n = 1), and transaminitis
(grade 1 n = 1). Four patients (17%) (imatinib: n = 3, pazopanib: n = 1) had grade 3
or higher toxicities. Two patients had grade 3 or 4 neutropenia, requiring temporary
treatment discontinuation for one month and subsequent dose reduction. One of these two
patients also presented grade 3 anorexia with significant weight loss (ten kilos in 1 year).
Another patient presented grade 3 nausea requiring treatment disruption for one week
and dose reduction. One patient presented grade 3 cholestasis with pazopanib 400 mg/d



Cancers 2021, 13, 2224 7 of 11

requiring treatment discontinuation and a switch to imatinib. Cholestasis was controlled
after treatment interruption with no recurrence after imatinib replacement (Table 3).
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Table 3. Toxicities with TKI treatment.

Events
No. of Adverse Events

Total Grade 1 Grade 2 Grade 3 Grade 4

Asthenia 14 13 (93%) 1 (7%) 0 0
Edema 9 9 (100%) 0 0 0

Nausea/vomiting/anorexia 9 6 (67%) 1 (11%) 2 (22%) 0
Diarrhea 4 3 (75%) 1 (25%) 0 0

Abdominal pain 3 3 (100%) 0 0 0
Gastroesophageal reflux 1 1 (100%) 0 0 0

Toxidermia 5 4 (80%) 1 (20%) 0 0
Aphthous stomatitis 1 1 (100%) 0 0 0
Thrombocytopenia 1 1 (100%) 0 0 0

Neutropenia 2 0 0 1 (50%) 1 (50%)
Myalgias 2 2 (100%) 0 0 0

Elevated liver enzymes 1 1 (100%) 0 0 0
Cholestasis 1 0 0 1 (100%) 0
Tachycardia 1 1 (100%) 0 0 0

Amnesia 1 1 (100%) 0 0 0
CPK increased 1 0 1 (100%) 0 0

4. Discussion

To our best knowledge, this study presents the largest cohort of locally advanced
DFSP without metastases and treated with neoadjuvant TKI with a long-term follow-up.
Only one patient presented with distant recurrence after complete surgery without local
recurrence. Metastatic DFSP was rare.

As shown by Kérob et al. [17], this study confirms that TKI and especially imatinib
mesylate are effective neoadjuvant treatments for DFSP. The first purpose of our study
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was to confirm these results at long-term follow-up and in particular the efficacity of
both imatinib and pazopanib on long-term disease-free survival. We included all patients
who received tyrosine kinase inhibitors with a neoadjuvant intention, whether or not
they got surgery and not only present data of patients with a good response to TKI
allowing surgery. In addition to patients’ long-term status, we analyzed clinical response,
radiological response before surgery, and histological response based on surgical specimen.
After 50 months of follow-up, 85% of our patients were disease-free.

The long-term efficacy of imatinib was previously published including inoperable
but also metastatic patients. In 2005, McArthur et al. described eight patients with locally
advanced or metastatic DFSP treated with imatinib, with a duration of follow-up ranging
from 32 to 845 days [12]. Rutkowski et al. reported in 2017 the long-term efficacy of
imatinib in 31 patients (inoperable or metastatic) with a 5-year PFS rate of 58% [24]. These
results are comparable to previous studies reporting the efficacy of imatinib as neoadjuvant
therapy [25–28]. Several phase II trials also reported the benefit of imatinib in patients
with advanced or metastatic DFSP, in order to reduce the extent of surgery [5,12,17,18,29].
To our knowledge, we present the first study assessing the efficacy and the safety of TKI,
using both imatinib and pazopanib, as a neoadjuvant treatment for locally advanced and
nonresectable DFSP with 5 years follow-up, in a large cohort.

In the present study, four patients received pazopanib, including one patient who had
previously been treated with imatinib. The multicenter phase II study recently published
reported only patients treated with pazopanib with 22% of tumor responses for patients
with unresectable DFSP [22]. Pazopanib seems to induce a lower response compared
to those previously reported for imatinib. In our study, three patients with pazopanib
as first line were stable before surgery, but the low number of patients with pazopanib
makes the comparison with imatinib impossible. One patient presented grade 3 cholestasis
with pazopanib 400 mg/d requiring treatment discontinuation and a switch to imatinib.
Delyon et al. also reported a low tolerance of pazopanib with 100% of grade 2 clinical or
biological adverse events, and 74% of grades 3 and 4 adverse events. Our study concurs
with the supposition that pazopanib should be considered in second-line therapy for DFSP,
especially in resistance to imatinib, because of its response rate and toxicity profile.

Nine patients in our cohort had fibrosarcomatous transformation, and six of them
presented a complete response or stability during the follow-up after the surgery. Sarco-
matous transformation and large initial tumor size are the main risk factors for recurrent
lesions and metastasis DFSP reported in the literature [7,30,31]. All our patients with
metastatic progression before or after surgery had a fibrosarcomatous transformation. For
one patient with transformation, the tumor locally relapsed 4 years before needing imatinib
replacement with sunitinib 37.5 mg/d and then nilotinib 400 mg twice a day with partial
efficacy. Finally, 3 years after complete surgery, distant metastasis developed, leading
to the patient’s death. Another two patients with transformation presented metastatic
progression, leading to imatinib discontinuation and replacement with pazopanib. None
of them responded to this second-line TKI, and finally, they did not get surgery because of
metastatic progression. Furthermore, for these three patients, the initial tumor size was
large > 20 cm. Fibrosarcomatous transformation is also associated with partial response
to imatinib. For tumors with fibrosarcomatous component or with poor prognostic mark-
ers, radiation therapy has been reported to improve local control and reduces the risk of
recurrence after surgery [32,33].

Little is known about the mechanism of resistance to imatinib [34]. The action
of imatinib is related to the inhibition of platelet-derived growth factor receptor beta
(PDGFRB) [35]. It blocks cellular proliferation and induces the apoptosis of malignant
cells and hyalinic fibrosis [36]. All of our patients presented COL1A–PDGFB fusion. The
absence of response to imatinib could be associated to a weak PDGFRB phosphorylation [5]
or a CDKN2A/p16 loss, thus implying CDK4 as a possible target in imatinib-resistant
DFSP [37].
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Another strength of this study is the pathological evaluation after TKI treatment. We
sought to evaluate the effect of TKI on histologic parameters. Histological response was
defined as decreased tumor density, mitotic index, and hyalinic fibrosis induction. The
histological response after treatment can be diffuse, patchy, observed at the periphery or in
the center of the tumor. In our study, most therapeutic responses were patchy or diffuse.
There was no correlation between the localization of therapeutic response and clinical
response. The only factor of poor prognosis was the absence of histologic response. Clinical
response was previously correlated with decreased cell density, which was itself associated
with the score for fibrosis [17]. Stacchiotti et al. also reported these pathological changes
associated with response to imatinib in metastatic DFSP [34]. TILs play an important role in
regulating tumor immunity. It has been demonstrated that imatinib modifies the immune
profile of DFSP tumors, with activation of the T cells response at the tumor site. T cells
infiltration was correlated with the pathological response. The presence of active T cells
infiltration was required to progress from IM-induced tumor senescence to tumor apoptotic
death [38]. The presence of TILs is a prognostic factor, and a dense lymphocytic infiltrate
within and around the tumor is correlated with better prognosis in DFSP. Infiltrate with
TILs was classified as absent, non-brisk, or brisk. These immunological changes in the
tumor suggest that combined or sequential treatments with imatinib and immunotherapy
could be a therapeutic option for advanced DFSP. Interestingly, in this study, only one
patient who had a complete resection of DFSP with fibrosarcomatous transformation
relapsed. This patient was the only one with no TILs and no pathological response. Despite
adjuvant radiotherapy, the tumor relapsed after four years. This is consistent with the fact
that the absence of lymphocytes infiltration in the tumor represents a risk factor of tumor
progression in DFSP.

The adverse events reported in our study are consistent with what was previously
shown, and they are dose dependent [17,18,39]. These side effects were mild for a vast
majority of patients (83%). Grade 3 and 4 toxicities occurred in only four patients. Two of
them received imatinib 800 mg per day, and the symptoms were easily managed by dose
reduction or interruption.

This study has limitations, particularly due to the retrospective design. However, our
data are consistent with previous studies concerning TKI efficacy in a neoadjuvant setting.

In order to reduce bias, we included all the patients who received TKI with a neoadju-
vant intention, even if they finally did not get surgery.

5. Conclusions

Our retrospective study suggests the long-term efficacy of imatinib and pazopanib as a
neoadjuvant therapy followed by completed surgery for locally advanced and unresectable
DFSP, including for DFSP with transformation.
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Long-term results of treatment of advanced dermatofibrosarcoma protuberans (DFSP) with imatinib mesylate—The impact of
fibrosarcomatous transformation. Eur. J. Surg. Oncol. 2017, 43, 1134–1141. [CrossRef] [PubMed]

25. Han, A.; Chen, E.H.; Niedt, G.; Sherman, W.; Ratner, D. Neoadjuvant imatinib therapy for dermatofibrosarcoma protuberans.
Arch. Dermatol. 2009, 145, 792–796. [CrossRef]

26. Wang, C.; Luo, Z.; Chen, J.; Zheng, B.; Zhang, R.; Chen, Y.; Shi, Y. Target therapy of unresectable or metastatic dermatofibrosarcoma
protuberans with imatinib mesylate: An analysis on 22 Chinese patients. Medicine (Baltimore) 2015, 94, e773. [CrossRef]

27. Malhotra, B.; Schuetze, S.M. Dermatofibrosarcoma protruberans treatment with platelet-derived growth factor receptor inhibitor:
A review of clinical trial results. Curr. Opin. Oncol. 2012, 24, 419–424. [CrossRef]

28. Lemm, D.; Muegge, L.O.; Hoeffken, K.; Aklan, T.; Mentzel, T.; Thorwarth, M.; Schultze-Mosgau, S. Remission with Imatinib
mesylate treatment in a patient with initially unresectable dermatofibrosarcoma protuberans—A case report. Oral Maxillofac.
Surg. 2008, 12, 209–213. [CrossRef] [PubMed]

29. Heinrich, M.C.; Joensuu, H.; Demetri, G.D.; Corless, C.L.; Apperley, J.; Fletcher, J.A.; Soulieres, D.; Dirnhofer, S.; Harlow, A.;
Town, A.; et al. Phase II, open-label study evaluating the activity of imatinib in treating life-threatening malignancies known to
be associated with imatinib-sensitive tyrosine kinases. Clin. Cancer Res. 2008, 14, 2717–2725. [CrossRef] [PubMed]

30. Allen, A.; Ahn, C.; Sangüeza, O.P. Dermatofibrosarcoma Protuberans. Dermatol. Clin. 2019, 37, 483–488. [CrossRef]
31. Hayakawa, K.; Matsumoto, S.; Ae, K.; Tanizawa, T.; Gokita, T.; Funauchi, Y.; Motoi, N. Risk factors for distant metastasis of

dermatofibrosarcoma protuberans. J. Orthop. Traumatol. 2016, 17, 261–266. [CrossRef] [PubMed]
32. Du, K.; Li, J.; Tang, L.; Lin, X.; Kong, X.; Liao, X.; Peng, Q.; Dong, Y.; He, J.; Huang, Y.; et al. Role of postoperative radiotherapy in

dermatofibrosarcoma protuberans: A propensity score-matched analysis. Radiat. Oncol. 2019, 14, 20. [CrossRef] [PubMed]
33. Chen, Y.-T.; Tu, W.-T.; Lee, W.-R.; Huang, Y.-C. The efficacy of adjuvant radiotherapy in dermatofibrosarcoma protuberans: A

systemic review and meta-analysis. J. Eur. Acad. Dermatol. Venereol. 2016, 30, 1107–1114. [CrossRef]
34. Stacchiotti, S.; Pedeutour, F.; Negri, T.; Conca, E.; Marrari, A.; Palassini, E.; Collini, P.; Keslair, F.; Morosi, C.; Gronchi, A.; et al.

Dermatofibrosarcoma protuberans-derived fibrosarcoma: Clinical history, biological profile and sensitivity to imatinib. Int. J.
Cancer 2011, 129, 1761–1772. [CrossRef] [PubMed]

35. Kerob, D.; Pedeutour, F.; Leboeuf, C.; Verola, O.; de Kerviler, E.; Servant, J.M.; Sarandi, F.; Bousquet, G.; Madelaine-Chambrin, I.;
Pruvost, C.; et al. Value of cytogenetic analysis in the treatment of dermatofibrosarcoma protuberans. J. Clin. Oncol. 2008, 26,
1757–1759. [CrossRef] [PubMed]

36. Thomison, J.; McCarter, M.; McClain, D.; Golitz, L.E.; Goldenberg, G. Hyalinized collagen in a dermatofibrosarcoma protuberans
after treatment with imatinib mesylate. J. Cutan. Pathol. 2008, 35, 1003–1006. [CrossRef]

37. Eilers, G.; Czaplinski, J.T.; Mayeda, M.; Bahri, N.; Tao, D.; Zhu, M.; Hornick, J.L.; Lindeman, N.I.; Sicinska, E.; Wagner, A.J.; et al.
CDKN2A/p16 Loss Implicates CDK4 as a Therapeutic Target in Imatinib-Resistant Dermatofibrosarcoma Protuberans. Mol.
Cancer Ther. 2015, 14, 1346–1353. [CrossRef]

38. Tazzari, M.; Indio, V.; Vergani, B.; De Cecco, L.; Rini, F.; Negri, T.; Camisaschi, C.; Fiore, M.; Stacchiotti, S.; Dagrada, G.P.; et al.
Adaptive Immunity in Fibrosarcomatous Dermatofibrosarcoma Protuberans and Response to Imatinib Treatment. J. Investig.
Dermatol. 2017, 137, 484–493. [CrossRef]

39. Navarrete-Dechent, C.; Mori, S.; Barker, C.A.; Dickson, M.A.; Nehal, K.S. Imatinib Treatment for Locally Advanced or Metastatic
Dermatofibrosarcoma Protuberans: A Systematic Review. JAMA Dermatol. 2019, 155, 361–369. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejso.2017.03.011
http://www.ncbi.nlm.nih.gov/pubmed/28365129
http://doi.org/10.1001/archdermatol.2009.140
http://doi.org/10.1097/MD.0000000000000773
http://doi.org/10.1097/CCO.0b013e328353d78d
http://doi.org/10.1007/s10006-008-0130-8
http://www.ncbi.nlm.nih.gov/pubmed/18751744
http://doi.org/10.1158/1078-0432.CCR-07-4575
http://www.ncbi.nlm.nih.gov/pubmed/18451237
http://doi.org/10.1016/j.det.2019.05.006
http://doi.org/10.1007/s10195-016-0415-x
http://www.ncbi.nlm.nih.gov/pubmed/27289468
http://doi.org/10.1186/s13014-019-1226-z
http://www.ncbi.nlm.nih.gov/pubmed/30696463
http://doi.org/10.1111/jdv.13601
http://doi.org/10.1002/ijc.25826
http://www.ncbi.nlm.nih.gov/pubmed/21128251
http://doi.org/10.1200/JCO.2007.14.7330
http://www.ncbi.nlm.nih.gov/pubmed/18375907
http://doi.org/10.1111/j.1600-0560.2007.00948.x
http://doi.org/10.1158/1535-7163.MCT-14-0793
http://doi.org/10.1016/j.jid.2016.06.634
http://doi.org/10.1001/jamadermatol.2018.4940
http://www.ncbi.nlm.nih.gov/pubmed/30601909

	Introduction 
	Materials and Methods 
	Study Design 
	Treatment 
	Endpoints 
	Pathological and Immuno-Histochemical Examination 

	Results 
	Patients 
	Treatment 
	Efficacy 
	Histological Analysis 
	Safety 

	Discussion 
	Conclusions 
	References

