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Summary

Dermatofibrosarcoma protuberans (DFSP) is a rare, slow-growing, spindle cell neoplasm with low to intermediate grade
malignant potential, commonly found in young and middle-aged adults, more in males than females. DFSP mostly
originates in the dermis; rarely, it may be located in the deeper tissues without dermal involvement. Typically, DFSP
appears as a multinodular mass, which then spreads into the subcutaneous tissues and muscle; it rarely dedifferentiates to
high-grade fibrosarcoma, and more rarely, it may metastasise. We describe magnetic resonance imaging (MRI) features
in three female patients with histologically proven DFSP and review the literature.

Introduction

DFSP is a rare tumour that grows with finger-like projections.
Adequate and appropriate preoperative imaging is required
to visualise these extensions and determine the extent of
the tumour. Imaging features are not specific and may be
confused with other pathologies such as benign peripheral
nerve sheath tumour (BPNST). Characteristic location
(extremities, chest, head and neck) and shape should prompt
inclusion of this condition in the differential diagnosis of
a soft tissue tumour. MRI is effective for determining the
extent of tumour penetration and involvement of deeper
structures prior to surgery and is also useful in the assessment
of atypical lesions or recurrent disease. We describe the MRI
features in three cases of histologically proven DFSP.

Materials and methods

Patients with features of DFSP, identified from the MRI
registry between 2016 and 2018, were included. Clinical
records were retrieved from the hospital medical filing
system.

MRI was performed on 1.5Tesla Philips Multiva unit
(Netherlands). Routine protocol in our department for soft
tissue tumours includes T1- and T2-weighted sequence in
axial, coronal and sagittal planes, and a short tau inversion
recovery (STIR) sequence in the axial plane. Diffusion-
weighted imaging (DWI) was not part of the protocol;
postcontrast imaging was included for aggressive lesions
and to exclude deeper invasion, perivascular and perineural
spread. Contrast agent (Gadolinium DTPA; Magnevist;
Schering AG) was administered at a dose of 0.1 mmol/kg.
Signal characteristics of DFSP on MRI were compared with
those of muscle and fat. Anatomical location, size and depth
as well as definition of the lesions were assessed.

A staging computerised tomography (CT) was done to
exclude regional and distant metastases.
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Results

Four patients, three female and one male, were identified
from the MRI registry. DFSP was confirmed histolog-
ically in three patients. In the fourth patient, the histology
demonstrated a BPNST. This patient was excluded from the
series.

The study cohort, therefore, consisted of three patients
whose age ranged from 27 to 82 years. All patients were
female. Staging CT imaging did not demonstrate metastases
in any of these patients.

Case no 1

An 82-year-old female patient presented with four-month
history of a right thigh mass and intermittent bleeding
from the mass. Clinically there was a hard multilobulated
reddish-brown mass, freely mobile over the underlying soft
tissue structures. A clinical diagnosis of DFSP was made.
MRI was requested to assess the extent and underlying local
infiltration.

MRI findings

A well-defined multilobulated soft tissue mass arising from
the dermal and subcutaneous tissues of the right superior
lateral thigh was noted. There was a clear plane of separation
from the underlying muscle. No bone or vascular infiltration
was seen. This mass had MRI characteristics of a typical
DFSP, i.e., isointense to skeletal muscle and hypointense to
fat on coronal T1-weighted; hyperintense to skeletal muscle
on T2-weighted (not shown) and on axial STIR; homogenous
enhancement on postcontrast axial T1-weighted sequence
(Figure 1a, b & c) respectively.
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Figure 1

a. Coronal Tl-weighted MR image shows a typical DFSP as a soft tissue dermal mass hypointense to fat on lateral aspect of

the right thigh.

b. On T2W STIR the mass is of heterogenously high signal intensity with no underlying oedema or infiltration seen.
c. There is homogeneous enhancement on postcontrast T1-weighted axial fat saturated images.

Case no 2

A 63-year-old immunocompromised female patient on
anti-retroviral medication presented with an ill-defined left
buttock mass involving the dermis. Superficial ulceration
and bleeding were noted. The mass appeared fixed to
the underlying soft tissues. Clinically an aggressive soft
tissue tumour was suspected, and multiple tru-cut biopsies
were taken. MRI was requested post-biopsy to assess the
extent and infiltration of the underlying muscle and bone.

MRI findings

A well-defined lobulated soft tissue mass with mixed solid
and cystic components and infiltration of the subcutaneous
fat was noted in the dermis of the left buttock. There was a
clear plane of separation with the gluteus maximus muscle
which appeared oedematous. The underlying bone was in-

tact. The mass was isointense to muscle and hypointense to
surrounding fat on coronal T1-weighted images (Figure 2a),
and heterogeneous with central higher signal than skeletal
muscle on T2-weighted axial and sagittal images, respectively
(Figure 2b & c). The mass was heterogeneous with areas of
high intensity and a central higher signal intensity compared
to subcutaneous fat in keeping with cystic change/necrosis
noted on coronal STIR sequence (Figure 2d & e). There were
areas of blooming on T2 Fast Field Echo (FFE - not shown)
suggestive of haemorrhage secondary to biopsy. There was
heterogeneous enhancement on postcontrast axial images
(Figure 2f). Due to the heterogeneity of the tumour on T2-
weighted and STIR, the differential diagnosis included a soft
tissue sarcoma, lymphoma and atypical DFSP.

Figure 2

a. Coronal T1-weighted MR image shows a homogenous lobulated mass with lower signal intensity than surrounding fat,

involving dermal and subcutaneous soft tissues.

b & c. Axial and sagittal T2-weighted MR images respectively demonstrate the mass to be of heterogeneously predominantly
lower signal than that of surrounding fat and slightly higher than that of skeletal muscle. The mass has a central
higher intensity in keeping with necrosis or cystic change.

d & e. STIR coronal consecutive images showing the mass to be heterogeneously high signal intensity with oedema of the
underlying subcutaneous tissue and gluteus maximus muscle, no direct infiltration seen.

f Axial postcontrast T1-weighted image in the same patient shows heterogeneous enhancement of the mass with areas
of nonenhancement centrally atypical of dermatofibrosarcoma protuberance.
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Case no 3

A 27-year-old female presented with an enlarging mul-
tilobulated soft tissue mass involving the dermis of the left
thigh. Clinical features were in keeping with a possible
DFSP. This was confirmed on histology.

MRI findings
A superficial well defined exophytic mass was noted arising
from the dermis on the anterolateral aspect of the left thigh.
There were no signs of deeper extension. It was isointense to
surrounding muscle and hypointense to fat on T1-weighted
images (Figure 3a), moderately hypointense compared
to fat on the T2-weighted sagittal image (Figure 3Db),
homogenously high on axial STIR (Figure 3c) and showed
heterogeneous avid enhancement with a non-enhancing area
anteriorly on post Gadolinium coronal T1-weighted images
(Figure 3d). The findings of hypointensity on T2-weighted,
and heterogeneous postcontrast enhancement were atypical
of a DFSP. Histology confirmed the diagnosis of DFSP.

The fourth case was excluded based on MRI features
typical of BPNST: a fusiform shape and the presence of a
target sign. The diagnosis was confirmed on histology.

Discussion

DFSP is an uncommon spindle cell tumour originally
described in 1924 by Darier and Ferrand. The term
“dermatofibrosarcoma protuberans” was given by Hoffman
in 1925 and remains in use."? DFSP is described as a rare,

Figure 3

infiltrative, locally aggressive, slow-growing neoplasm
with low to intermediate grade malignant potential that has
mostly been described in young and middle-aged adults with
amale preponderance.’ It usually remains in the dermis as a
plaque or a protuberant mass but in more aggressive lesions
may extend into the subcutaneous tissue with involvement
of the underlying fat and muscle.! The cure rate after surgery
is excellent. DFSP rarely metastasises, but chances of local
recurrence are high in cases of atypical and deep lesions.’#
Fifty per cent of DFSP arise in the trunk; the rest in the
extremities (20—30%) and head and neck region (10-15%).
The size of the DFSP may vary from 1 cm to 25 cm.!34DFSP
mostly arises in the normal skin but has been described to
arise in the area of a scar, after repeated trauma, a vaccination
site or following radiation.!* Clinical diagnosis of the lesion
is not always possible and open biopsy, either excisional or
incisional, is the diagnostic method of choice.

Ultrasound, CT imaging and MRI are the most commonly
utilised imaging modalities for diagnosing and assessing
DFSP>* Ultrasound examination, although not specific,
may also be useful, mainly for the detection of smaller
lesions.> Sonographically, DFSP typically presents as a
well-defined subcutaneous lesion which may be mildly
lobulated, hypoechoic with discrete areas of increased hypo-
echogenicity together with small echogenic foci, central and
peripheral vascularity as well as posterior enhancement.>”-%1°
Ultrasound diagnosis is suspected on the strength of mul-
tiple ultrasound features in conjunction with the clinical
presentation and not on the basis of one or two features only.

a. Axial T1-weighted MRI image in the 3rd patient shows superficial soft tissue mass isointense to adjacent muscle involving

dermis and subcutanous fat.

b. Sagittal T2-weighted MR image, the mass is moderately hypointense to surrounding fat and muscle. No oedema or

infiltration of the underlying muscle.
c. The mass is homogenously high on axial STIR sequence.

d. The mass enhances heterogeneously with central non-enhancing area on post gadolinium T1-weighted MR image.
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CT imaging is used for anatomical location, determination
of underlying bone involvement or calcifications, and for
staging purposes in suspected aggressive cases. These cases,
particularly if the lesions are advanced or recurrent, may
harbour pulmonary metastases.>® Chest radiography should
be performed for all patients and CT imaging reserved for
advanced stage tumours.

MRI is used to evaluate larger and atypical lesions, assess
local extension and is essential for preoperative planning.>>!!
It is considered more accurate than Doppler ultrasonography
or CT imaging.’

Clinically, the history is that of a superficial, firm reddish-
brown to bluish lesion that may remain small and stable or at
times show a rapid aggressive growth pattern with ulceration
and bleeding."*® DFSP accounts for ap-proximately
6% of soft tissue tumours. Large lesions can infiltrate
subcutaneous tissue and involve the deep structures; rarely
DFSP may arise de novo in the subcutaneous tissue without
dermal involvement.>%!® Two primary groups have been
described, namely “classic” protruding DFSP with elevation
or protrusion, and “non-protuberans” DFSP with atrophy or
depression. A case of pedunculated DFSP believed to be a
neurofibroma or fibroepithelioma on clinical grounds has
also been reported.”® According to a study by Ramakrishnan
et al., as quoted by Shih et al., DFSP is considered deep,
yet not involve the dermis, if it is 0.4—1 cm deep to the
dermal surface;>!° however, Torreggiani et al. identified a
mean depth of 17 mm.? The fourth case in our series was
clinically challenging as it presented as a subcutaneous mass
without dermal involvement similar to the lesion reported
by Ramakrishnan et al., as quoted by Shih et al.” Clinically,
there was no neurological involvement. The differential
diagnosis included a deep DFSP, BPNST or other benign
mesenchymal tumour. MRI features were typical of a
BPNST, which was confirmed on histology. The first patient
in our series had typical MRI features of a DFSP while the
second and third cases were considered atypical because of
the presence of cystic changes, heterogeneous enhancement,
central non-enhancement and low signal on T2-weighted
sequence. Tumour was considered superficial in all cases,
i.e., mainly involving dermal and subcutaneous tissues with
associated bulging into the dermal surface.

DFSP can be multiple and coalesce to form an indurated
plaque which is often violaceous clinically.’’ It may grow
asymmetrically in a horizontal or vertical frond-like growth
pattern into subcutaneous tissues. It rarely infiltrates the
investing fascia to extend into sub fascial tissues.”*!' DFSP
rarely demonstrates perineural spread, or is associated with
nodal or distant metastases; however, deeper lesions may
erode the underlying bone.?

MRI is the preferred imaging modality of choice for soft
tissue tumours due to the high soft tissue contrast resolution.
It is frequently performed as part of the workup of DFSP
to evaluate larger or atypical primary lesions or recurrent
disease. MRI has greater sensitivity than palpation for
detecting the depth of infiltration. MRI has been proposed
for the delineation of DFSP, allowing accurate localisation
before surgery.’>%10-13 Galant et al. reported on the use of
MRI to evaluate the location of soft tissue masses relative
to the superficial fascia. Although their group of 64 pa-
tients did not include any cases of DFSP, they reported
that subcutaneous lesions crossing the superficial fascia
presented with a 6.88 times greater risk of malignancy than
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lesions that did not cross the fascia.!* A tumour that is close
to investing fascia should be removed en bloc to reduce the
chance of recurrence.’

MRI protocol includes three sequences: T1-weighted, T2-
weighted and STIR sequence. Gadolinium is not routinely
used but is employed if an alternate diagnosis is suspected,
as in two of our cases. An intravenous dose of 0.1-0.2 mmol/
kg of contrast agent (Gadolinium DTPA) is administered to
patients undergoing contrast-enhanced MRI. DFSP is usually
intermediate to hypointense to fat and skeletal muscle on
T1-weighted and hyperintense on T2-weighted sequence. It
demonstrates marked enhancement on post-gadolinium T1-
weighted images. STIR sequence with an inversion time of
150 msec provides fat suppression allowing clear definition
of the tumour.>*¢31°Two of the cases in our series had atypical
heterogeneous MRI appearance as described above. DWI is
an MRI technique providing information on the mobility of
water protons and for assessing tumour cellularity. It aids
in the differentiation of tumour involvement from reactive
oedema. Tumour infiltration within the fascia shows per-
sistent hyperintensity on high b-value DWI and appears
hypointense on apparent diffusion coefficient (ADC) maps
due to diffusion restriction. This may help differentiate
tumour infiltration from reactive oedema in cases of fascial
involvement and recurrence after surgery.!! Kransdorf and
Meis-Kindblom described four patients out of a total of 11
patients in their series who underwent MRI. The tumour in
these four cases was described as a well-defined soft tissue
neoplasm on MRI with low signal on T1-weighted images
and higher than fat on T2-weighted sequences. The tumour
in one case had areas of high signal on T1-weighted sequence
compatible with that of haemorrhage.?

A study by Torreggiani et al. showed similar MRI char-
acteristics of DFSP as described by Kransdorf and Meis-
Kindblom, predominantly high signal on T2-weighted and
STIR, low or intermediate signal on T1-weighted, and either
uniform or patchy pattern of enhancement.?

While MRI is excellent in determining the anatomical
extent of the lesion, its ability to characterise soft tissue
lesions is limited and a differential diagnosis should be
considered. Differential diagnoses that can be confused
with DFSP include dermatofibroma, epidermal cyst, pe-
ripheral nerve sheath tumour, nodular fasciitis, cavernous
haemangioma, liposarcoma, nodular type melanoma, and
mycosis fungoides.>*6%1° Although dermatofibroma has
similar imaging features as DFSP, it is seen most frequently
on the extremities, whereas DFSP is most common on the
trunk. Epidermal cyst does not enhance on postcontrast
scans; peripheral nerve sheath tumours are closely associated
with a nerve and have a classical split fat or fascicular
or target sign, as was seen in our fourth case. Plexiform
neurofibromas are diffuse and asymmetric, whereas DFSP
is nodular. Nodular fasciitis favours the upper extremity and
has an enhancing fascial tail sign. Cavernous haemangiomas
have calcifications which is not a feature of DFSP, and
liposarcomas contain fat which is also not a feature of DFSP.
Nodular type melanoma is mostly blue to black on clinical
examination, whereas DFSP is often violaceous. Mycosis
fungoides is the cutaneous form of T-cell lymphoma and has
other features of lymphoma not seen in DFSP.46.7.9

In the majority of cases, local recurrences of DFSP occur
within the first three years of resection, with approximately
half of these patients presenting within the first year of



Figure 4: Diagram summarising the imaging pathway and management!¢-18
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_ Imaging plan _
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Ultrasound Preoperative evaluation, surgical planning and
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hypo-echoic. Nodular/lobulated. Discrete bone erosion/infiltration.
hypo-echogenicity and small echogenic foci with Staging for distant metastasis in cases
central and peripheral vascularity. of aggressive lesions.
Ultrasound-guided biopsy
Typical DFSP Atypical DFSP

T1W — Hypointense
T2W — Hyperintense
T1WC — Homogenous
Intense enhancement

WLE or MMS

surgery, but recurrence has been reported up to five years
later.+%191t is therefore important to follow these patients up
over a longer period. Distant metastases are rare and occur in
less than 2—4% of cases. The 5-year disease-specific survival
rate is over 95%.4>!3 The most important clinical feature
of DFSP is its locally aggressive growth and a tendency
for local recurrence (20-50%) after simple excision.*®3
Tumour recurrence is characterised by the presence of a
discrete nodule or mass, with typically prolonged T1 and
T2-weighted relaxation times.*%8 It has been hypothesised
that if the tumour has specific findings such as high intensity
in T2-weighted imaging or enhancement on T1-weighted
images (including invasion of fascia or muscle) and nodules
in the capsule of the tumour, the potential for recurrence is
higher. However, if the tumour displays well-defined borders
the incidence of recurrence is lower after resection.’*

It is sometimes difficult to assess the clinical extent of
DFSP. Microscopic tumour has been detected 0.3—-12 cm
beyond the macroscopic tumour margins. Infiltration can
extend to muscle and even tendons. Preoperative MRI has
been shown to facilitate surgical planning and assess the
extent of tumour invasion and degree of involvement of
critical structures.'>!1516

Surgical techniques include wide local excision (WLE)
with tumour free margins and Mohs micrographic surgery
(MMS). Wide resection involves a three-dimensional ex-
cision including normal skin, subcutaneous tissue and
underlying investing fascia with a 2—4 cm margin from the
gross tumour boundary and is the standard treatment for
DFSP. All patients in our series underwent wide excision of
the lesions.!®!% Although WLE is a simple procedure, it does
not permit intraoperative evaluation of surgical margins and
is consequently associated with a higher rate of recurrence
compared to MMS.!!8 MMS is a surgical technique where
thin layers of tissue are removed and histologically analysed
to ensure a negative margin.'*!>! Some authors propose
that MMS reduces the amount of tissue resected and lowers
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T1W — Hypo- or hyperintense
T2W — Hypointense or heterogenous
T1C — Areas of non-enhancement
DWI — Restriction

Biopsy
punch or excisional

WLE or MMS

the recurrence rate to around 1%,!469-16-18 35 it allows en-
tire margins of surgically removed tissue to be studied
histologically. It is considered the treatment of choice for
DFSP.!516 Radiation and treatment with imatinib, a tyrosine
kinase inhibitor, has been used to treat unresectable, recur-
rent or metastatic DFSP prior to surgery.

Study limitations

Retrospective analysis with limited cases and restricted MR
imaging, DWI was not utilised to assess fascial involve-
ment.

Conclusion

DFSP is a rare soft tissue tumour characterised by asym-
metrical and poorly defined growth. MRI is useful in
determining the site of tumour origin, its extent, relation
to adjacent anatomic structures, and for follow-up after
therapy as well as in cases of disease recurrence. Knowledge
of DFSP imaging characteristics may alert radiologists to
include it in the differential diagnosis of lesions with similar
imaging characteristics. Our cases were unique, as all were
female, one was much older than the age stipulated in the
literature and two had atypical MRI features.
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