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definitive surgical attempts. Recent progress has identi-
fied the underlying molecular basis of the disease and has
led to the development of targeted therapies for DFSP.
This article examines recent evidence for optimal man-
agement of DFSP, including the use of imatinib mesylate,
which is now approved by the U.S. Food and Drug
Administration (FDA) for managing “adult patients with
unresectable, recurrent and/or metastatic dermatofibrosar-
coma protuberans (DFSP).”1

Presentation and Diagnosis of DFSP
DFSP commonly presents in younger adults with a cuta-
neous or subcutaneous mass that usually has been pres-
ent for many years with gradual growth.2,3 Frequently, the
diagnosis is not suspected until biopsy shows the classi-
cal morphology of a fibroblastic tumor with a storiform
pattern of cell alignment. DFSP most commonly occurs
on the trunk (35%–75%),2–4 where wide margins of sur-
gical resection are usually easily obtained, but also oc-
curs on the limbs and in the head and neck region, often
requiring potentially morbid reconstructive surgery.3

DFSP is diagnosed based on morphology showing
spindle cells that form swirling or storiform patterns. The
mitotic count is usually low. Immunohistochemistry is
useful because more than 80% of DFSPs are CD34+.5,6

Immunohistochemistry also helps differentiate these tu-
mors from dermatofibromas, fibrosarcomas, or malignant
fibrous histiocytomas.7,8 Dermatofibromas are typically
negative for CD34 and positive for FXIIIa, stromelysin 3,
and tenascin.6,9 One significant histologic variant of the
disease is DFSP with fibrosarcomatous elements (FS-
DFSP). This variant demonstrates higher grade histol-
ogy with nuclear pleomorphism, the presence of mitotic
figures and increased cellularity. FS-DFSPs have a more
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Abstract
Dermatofibrosarcoma protuberans (DFSP) is a low-grade malignancy
of the skin and subcutaneous tissues that only rarely forms distant
metastases. More than 90% of cases are associated with a chromo-
somal translocation involving the COL1A1 gene on chromosome 17
and the platelet-derived growth factor B gene on chromosome 22.
Management of this disease is primarily surgical with excellent rates
of local control obtained using either wide local excision or Mohs
micrographic surgery. Data have recently shown that inhibiting
platelet-derived growth factor receptors (PDGFR) with imatinib can
induce high rates of clinical response in patients with unresectable
or metastatic DFSP. These data have led to approval of imatinib by
the U.S. Food and Drug Administration for treating uresectable
DFSP. Although wide surgical excision remains standard care, pa-
tients with locally advanced disease not suitable for surgical excision
can be treated with the PDGFR-inhibitor imatinib, which sometimes
allows residual DFSP to be surgically excised. (JNCCN 2007;5:557–562)

Dermatofibrosarcoma protuberans (DFSP) is a rare low-
grade malignancy involving the skin and subcutaneous tis-
sues. Unlike other soft tissue sarcomas, it rarely forms
distant metastases (<5% of cases) and the clinical chal-
lenge in managing this disease arises from its pattern of
infiltrative growth that leads to local recurrence after
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aggressive course with an elevated risk for local recur-
rence (14%–52%) and distant metastases (8%–29%)
compared with DFSP without fibrosarcomatous ele-
ments, which has risks of approximately 3% to 16%
and less than 2% for local recurrence and distant
metastases, respectively.2,3,10 Therefore, a synoptic style
of pathology reporting is useful, containing the fol-
lowing elements: microscopic description of the tu-
mor; size; microscopic surgical margins; the presence
of fibrosarcomatous elements; mitotic count; results of
a CD34 stain; and, in certain cases, molecular analy-
ses or cytogenetics. These parameters allow manag-
ing clinicians to be confident of the diagnosis and
provide some indication of the risk for recurrence,
which is useful in planning follow-up.

Molecular Biology of DFSP
The identification of a chromosomal translocation
t(17;22)(q22;q13) in more than 90% of DFSP has led
directly to the application of targeted therapy.11,12 The
t(17;22) results in fusion of the COL1A1 and PDGFB
genes that encodes a fusion transcript, which then en-
codes a fusion protein that is processed into fully func-
tional platelet-derived growth factor B (PDGFB).13

Because PDGFB is a ligand for both PDGF receptor
(PDGFR)� and PDGFR�, pharmacologic inhibition
of these active receptors has been investigated for the
treatment of DFSP. The t(17;22) translocation is fre-
quently associated with a supernumerary ring chro-
mosome that contains increased copy numbers of
COL1A1 and PDGFB genes and is associated with a
characteristic gene-expression profile.14,15 Alternative
chromosome fusions also have also been described,
including t(9;22)(q32;q12.2) and other more com-
plex karyotypes.14,16–18 These more complex genetic
changes usually involve chromosome 22, which con-
tains the PDGFB gene, and therefore experts believe
that these genomic abnormalities result in transcripts
that may encode functional PDGFB.14,19 These obser-
vations suggest that that dysregulated expression of
PDGFB is the critical molecular event in the patho-
genesis of DFSP. Because some genomic changes in-
volving chromosome 22 are only detected with in situ
hybridization or comparative genomic hybridisation,
simple karyotyping cannot be relied on to detect
changes in the PDGFB gene.14

Although histology and immunohistochemistry
for CD34 are reliable in diagnosing DFSP, karyotyp-

ing or in situ hybridization techniques to detect
t(17;22) can be useful in cases posing diagnostic dif-
ficulties.14

Surgical Management of DFSP
The standard treatment of DFSP is wide surgical ex-
cision. The surgical goal is to achieve clear margins,
although the ideal width of the surgical margins re-
mains uncertain. Standard practice is to use margins
typical for excision of soft tissue sarcomas, with 2 to
4 cm often believed ideal.4,20,21 These margins are sig-
nificantly greater than those recommended for man-
aging other malignant skin tumors, such as melanoma
or non-melanoma skin cancer.22,23

Some investigators advocate using Mohs micro-
graphic surgery for resecting DFSP. The Mohs tech-
nique uses intraoperative assessment of resection
margins to detect microscopic tumor cells to help
decide the extent of surgery. However, this technique
is not widely used internationally, and partly because
of resource issues related to surgical time and patho-
logic examination.24 Clinical outcomes from Mohs
micrographic surgical technique have been very good,
with low reported rates of local recurrence ranging
from 0% to 7% in series with follow-up of more than
40 months.25–27 However, a single institution has shown
excellent outcomes using wide margins without Mohs
technique.3 Similar results have also been obtained
with wide excision in other single centers with ex-
pertise in sarcoma and skin surgery.28 Mohs technique
has not been evaluated in randomized trials for any in-
dication,24 and opinions continue to differ about its
usefulness. 

In the series by Fiore et al.,3 66 of 218 patients
treated with wide excision required reconstructive
surgery. These investigators also examined the out-
comes of patients undergoing surgery for recurrent
disease, a frequent problem in DFSP reported in ap-
proximately 25% of cases.2 Disease control was ob-
tained with surgery alone in 95% of patients with
recurrent disease,3 indicating that for most of these pa-
tients, molecular targeted therapies are not first-line
treatment.

Given the slow rate of progression of DFSP,
follow-up routinely involves regular physical exam-
ination at 6- to 12-month intervals.29 Few data are
available to guide the use of imaging in follow-up of
DFSP. Because of the low rate of distant metastases,
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regular computed tomography (CT) scanning, which
is used in some patients with other soft tissue sarco-
mas, is difficult to justify.30 Ultrasonography and
magnetic resonance imaging (MRI) can also be use-
ful in preoperatively assessing the extent of local
disease and monitoring for local recurrence.31,32

Treatment of Unresectable DFSP:
Targeted Therapy or Radiotherapy?
DFSP that is completely unresectable is a rare occur-
rence, with only 2 of 159 patients in the series from
Bowne et al.2 unable to undergo complete resection.
However, surgeons and oncologists more frequently
encounter difficult situations in which aggressive sur-
gical resection may be accompanied by significant
functional or cosmetic morbidity, and therefore non-
surgical means are used to control and palliate the dis-
ease. These patients currently have 3 options: 1)
treatment on clinical trials, 2) radiotherapy, or 3) tar-
geted therapy with imatinib. In principle, enrollment
in a clinical trial should always be considered after
treatment failure or for patients who are not surgically
curable. However, access to appropriate clinical trials
is often difficult for rare malignancies such as DFSP,
and therefore radiotherapy or targeted therapy with
imatinib is a current option for many patients. Experts
have limited experience with radiotherapy in patients
with unresectable DFSP. Suit et al.33 reported disease
control in 3 of 3 patients treated with 67 to 75 Gy of
external electron bean radiotherapy coupled with
brachytherapy. They treated another 3 patients with
preoperative radiotherapy and were able to control
disease in 2. Ballo et al.34 treated 2 patients with pre-
operative radiotherapy, and 1 patient with bulky
aggressive disease experienced treatment failure.
Fortunately recurrence in a previous radiation field is
very uncommon and often difficult to manage surgically.
Molecularly targeted therapy would be one option for
these patients (later discussion). Therefore, one can
conclude that radiotherapy is effective in treating
DFSP, but its role in patients with unresectable disease
is unclear compared with other therapeutic options. 

Identification of COL1A1:PDGFB as the fusion
genes involved in the t(17;22) present in more than
90% of patients with DFSP has initiated investiga-
tion of the PDGFR-inhibitor imatinib. Imatinib is
small-molecule inhibitor of PDGFR and several other
tyrosine kinases, including ABL, KIT, ARG, and

FMS.35 Imatinib has been investigated in patients with
metastatic DFSP and those with localized DFSP not
suitable for definitive surgery. Patients with metasta-
tic disease who took imatinib showed significant clin-
ical activity, with more than 50% (5 of 7 published
cases) experiencing objective responses.36–40 Those with
locally advanced disease not suitable for surgical resec-
tion also had significant activity. McArthur et al.39 re-
ported objective responses in 8 of 8 cases of DFSP with
locally advanced disease. All patients became disease-
free either after experiencing complete responses to
imatinib or undergoing surgical resection after expe-
riencing partial responses to imatinib. Based on these
data, several neoadjuvant studies are underway.
Although patients taking imatinib have shown high
rates of clinical activity in DFSP with t(17;22), those
with DFSP-like tumors with high-grade morphology
but lacking t(17;22) or with complex cytogenetics
may not respond to imatinib.37,39 Only 2 of 4 patients
experienced response to imatinib, and this was short
in 1 patient.36,37,39 Therefore, in selected cases, espe-
cially those with high-grade morphology, routine
pathology should be supported by molecular analy-
ses of the tumor with cytogenetics, in situ fluores-
cence hybridization (FISH), or comparative genomic
hybridization (CGH). Cytogenetics is widely avail-
able, and specialist centers in sarcoma pathology can
perform FISH on formalin-fixed paraffin-embedded
material.

Evidence is now emerging that inhibition of
PDGFR with drugs such as imatinib is a useful thera-
peutic strategy for treating unresectable DFSP.
Radiotherapy is also a treatment option; however, the
impressive results of imatinib coupled with surgical
excision of residual masses suggest that this approach
is worthy of ongoing investigation and use in selected
patients who are not primary surgical candidates.

Dose and Duration of Targeted Therapy
for DFSP
The high rates of clinical activity of imatinib in treat-
ing DFSP warrant the questions of how much and how
long. This has become an issue because some patients
with initially unresectable disease experienced com-
plete response with a strategy of treating until maxi-
mum response, which for some was after 6 months of
therapy.39 This approach is being investigated further.41

In contrast, other current studies have prospectively

JN055_Jrnl_50504McArt.qxd  4/28/07  5:06 PM  Page 559



560 Original Article

McArthur

© Journal of the National Comprehensive Cancer Network | Volume 5 Number 5 | May 2007

planned resection of the DFSP after a defined period.42

Collective analyses of data from these studies may pro-
vide useful information about the optimal duration of
therapy. However, treatment to maximum response
before surgical excision of residual tumor, or resection
of the tumor bed, will probably be a preferred approach
given the potential to limit surgical morbidity and the
lack of any practical concern about the development
of distant metastases during targeted medical therapy. 

Responses of DFSP to imatinib have been ob-
tained at daily doses of 400 mg, 600 mg, and 800 mg.
However, because most experience has involved 800 mg,
this dose is the one currently approved. Compared
with 400 mg, a starting dose of 800 mg of imatinib has
been associated with higher rates of edema, fatigue, and
gastrointestinal and hematologic toxicity.43 Patients
with gastrointestinal stromal tumors whose doses were
escalated to 800 mg after progressing on an initial dose
of 400 mg experienced better toxicity than those whose
imatinib therapy was initiated at 800 mg daily.44

Therefore, one potential approach to minimize the
toxicity of 800 mg of imatinib is to begin at 400 mg
and escalate the dose in a stepwise manner. Further
data are required to determine if this approach of grad-
ual intrapatient dose-escalation has equivalent effi-
cacy to beginning therapy at higher doses.

Neoadjuvant and Adjuvant Therapy for
DFSP
Because the major cause of treatment failure in DFSP
is local recurrence, a neoadjuvant approach of tar-
geted therapy or radiotherapy in DFSP may prevent
local occurrence and potentially limit surgical mor-
bidity. This approach has gained support in the man-
agement of soft tissue sarcoma where neoadjuvant
treatment with radiotherapy is an option in cases with
significant risks for local recurrence.30 As discussed
previously, experience with neoadjuvant radiother-
apy for treating DFSP is limited. More experience has
been reported for neoadjuvant imatinib in a highly
selected patient population.39 Formal prospective stud-
ies are underway, but preliminary results have been
encouraging.41,42 Although routine neoadjuvant ima-
tinib in patients with resectable disease currently can-
not be supported, neoadjuvant targeted therapy with
imatinib has a place in treating marginally resectable
cases given the growing experience in patients with
locally advanced disease. Ideally, this application of

imatinib should be part of a clinical trial to gather
more data in this uncommon disease.

Patients at high risk for local recurrence, such as
those with fibrosarcomatous histology, positive mar-
gins, or high mitotic count, are obvious candidates for
effective adjuvant therapies. Among these risk fac-
tors, positive margins have been associated with a very
high risk for further recurrence.2 Therefore, the goal
of surgery is to obtain clear margins; adjuvant thera-
pies are not substitutes for inadequate surgery.
Nonetheless, some patients with positive margins are
not candidates for further surgical excision because of
the associated functional or cosmetic morbidity, and
therefore adjuvant therapies can be considered.

Several studies have reported good outcomes for
patients with positive margins treated with adjuvant
radiotherapy after surgery.33,34,45,46 Although these stud-
ies report limited follow-up compared with larger
surgical series, radiotherapy is an option for patients
who cannot undergo further surgery and have posi-
tive margins or other risk factors, such as fibrosarco-
matous histology or high mitotic count. Currently, no
data are available on the use of imatinib in the adju-
vant setting. Given the difficulty in performing ran-
domized trials in an uncommon disease with such good
outcomes with surgery alone, data will probably not be-
come available to guide clinicians on the adjuvant use
of PDGFR inhibitors in DFSP. Therefore, the adju-
vant use of imatinib currently cannot be supported,
particularly because the management of local recur-
rence with surgery, surgery plus radiotherapy, or ima-
tinib followed by surgery has shown such impressive
results.

Conclusions and Current Indications for
Targeted Therapy
Because of the excellent rates of disease control ob-
tained with aggressive surgical approaches, surgery
continues to be the focus of optimal management of
DFSP. Adjuvant radiotherapy may also offer some ben-
efit to selected patients. Recent data have shown sub-
stantial activity of the targeted therapy imatinib in
patients with unresectable disease, leading to approval
by the FDA and European Agency for the Evaluation
of Medicinal Products for this indication. High rates
of clinical activity of imatinib in DFSP further rein-
force the value of targeting specific molecular abnor-
malities in human malignancy. 
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