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Abstract

Objective Suspected soft-tissue sarcomas are typically investi-
gated using magnetic resonance imaging (MRI), with a view to
planning image-guided core needle biopsy for confirmation of
the histological diagnosis. Indeterminate superficial lesions may
be small and therefore potentially difficult to biopsy safely, such
lesions possibly being more amenable to primary excision biop-
sy. The aim of this study is to determine the suitability of this
practice in the setting of a specialist sarcoma service.

Materials and methods All patients referred over a 12-month
period to the sarcoma service with a small (<3-cm), indeter-
minate, superficial soft-tissue mass according to MRI criteria,
or a small lesion of the hand or foot deemed unsafe for percu-
taneous biopsy, and who underwent primary excision biopsy
were included. The histology results were categorized into
neoplastic and non-neoplastic lesions, and assessed for resec-
tion completeness.

Results Fifty-eight patients fulfilled the inclusion criteria from
all patients referred to the sarcoma service in a 12-month pe-
riod. Of these, 42 out of 58 (72.4%) had benign neoplasms, 4
out of 58 (6.9%) had malignant tumours, 2 out of 58 (3.4%) an
intermediate grade lesion, while 10 out of 58 (17.2%) were
non-neoplastic. All 4 malignant lesions were completely ex-
cised at the time of excision biopsy.

Conclusions Primary excision biopsy of small, indeterminate
soft-tissue masses within the setting of a specialist sarcoma
service is a suitable management option. Only a small
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proportion of small superficial soft-tissue lesions with indeter-
minate MRI features are malignant tumours.
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Introduction

Sofi-tissue masses have a wide differential diagnosis, including
benign neoplasms, malignant tumours that may be primary (sar-
coma, lymphoma) or metastatic, and non-neoplastic lesions.
They may also arise superficially or deep to the superficial fascia
and vary considerably in size and imaging characteristics.

Optimal management requires accurate diagnosis, usually
followed by surgical excision when appropriate. Diagnosis may
be achieved by imaging alone, particularly for many benign [1,
2] and non-neoplastic lesions [3], but more frequently requires
pre-operative biopsy. The latter is best performed in the setting of
a multidisciplinary team (MDT) in a specialist centre [4—6] using
percutaneous core needle biopsy (PCNB) with image guidance
[7-9]. A potential complication of PCNB is the contamination of
surrounding uninvolved tissue, which, although having a very
low incidence of larger and deeper soft-tissue lesions [10, 11],
could potentially be relatively more likely in the case of smaller
lesions since maintaining the needle purely within the lesion at
the time of biopsy could be more difficult.

It has been suggested that lesions measuring less than 3 cm
in the maximal dimension and located superficial to the fascia
can be treated with a primary surgical excision [12], but we are
unaware of any study that has determined the suitability of
such a protocol in a specialist setting, while the inadvertent
or inadequate excision of unsuspected small sarcomas in non-
specialist centres is a well-recognised phenomenon [13].
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The purpose of this study is to determine the suitability of
primary surgical excision biopsy of small, indeterminate su-
perficial soft-tissue lesions referred as suspected sarcomas to a
specialist sarcoma service.

Materials and methods

Because of the retrospective nature of the study, the local
Research and Development Board has in a written consent de-
clared that they did not require formal ethics approval. All pa-
tients referred to a specialist musculoskeletal sarcoma service
during a 12-month period (beginning of January to end of
December 2014) were identified from the new patient multidis-
ciplinary team (MDT) meeting decision sheets and retrospective-
ly analysed. The imaging investigations for all cases had been
reviewed at a weekly sarcoma MDT meeting by an experienced
(>20 years) musculoskeletal radiologist with a special interest in
bone and soft-tissue tumour imaging. The decision to undertake a
primary surgical excision biopsy for small (<30 mm) superficial
soft-tissue lesions that were considered indeterminate in nature
by magnetic resonance imaging (MRI) criteria was made in col-
laboration with the attending orthopaedic oncology surgeon, and
these patients formed the final study group. A lesion was consid-
ered indeterminate if an MRI diagnosis could not be suggested
with confidence, such lesions typically being well-defined with

intermediate T1-weighted (T1W), proton density-weighted
(PDW) and T2-weighted (T2W) signal characteristics and
intermediate-to-increased signal intensity (SI) on fat
suppressed/short tau inversion recovery (STIR) sequences
(Figs. 1, 2 and 3). In the hands and feet, lesions with typical
imaging signal characteristics of a tenosynovial giant cell tumour
and appropriate anatomical positions were excluded, but lesions
within the size criteria that are centred away or not in contact with
the joints and tendons or not of typical MRI signal intensity have
been included. The histological diagnoses were categorized into
benign neoplasms, intermediate neoplasms, malignant neo-
plasms and non-neoplastic lesions.

Excision was considered to be satisfactory if the lesion was
histologically described as a complete resection with the
narrowest clear margin of >3 mm, most specimens being re-
ported two or three times by dedicated musculoskeletal histo-
pathologists. If a subsequent further surgical resection was
required, this histology result was also assessed for complete-
ness of resection and potential complications from the initial
excision biopsy.

Results

Fifty-eight patients met the inclusion criteria from all patients
referred to the sarcoma service in a 12-month period. There

Fig. 1 a, b Axial fat-suppressed proton density-weighted (PDW) fast
spin echo (FSE) and sagittal T2-weighted (T2W) FSE magnetic
resonance imaging (MRI) demonstrating a superficial dorsal upper arm
lesion (white arrows) of intermediate signal intensity on both sequences.
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The maximal lesion dimension was 20 mm. Histology demonstrated this
to be a low-grade spindle cell sarcoma (malignant neoplasm category
lesion)
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Fig. 2 a, b Axial short tau inversion recovery (STIR) and coronal T1-
weighted (T1W) spin echo (SE) MRI demonstrating a small superficial
lesion close to the skin surface of the knee (white arrows) and of

were 29 male and 29 female patients with a mean age of
41 years (range 4-71 years).

The mean maximal lesion dimension was 14.2 mm (range
6-26 mm). Seventeen lesions measured <10 mm, 35 between
11 and 20 mm and 6 between 21 and 30 mm. With regard to
location, 34 lesions arose in the upper limbs, 16 in the lower
limbs and 8 on the trunk. Table | further subdivides the num-
ber of lesions in each anatomical location.

All excision biopsies yielded a definitive histological diag-
nosis. Forty-two lesions (72.4%) were benign neoplasms with
a wide variety of histological diagnoses (Table 2), the most
frequently encountered being pilomatrixoma (n = 6),
tenosynovial giant cell tumour (» =4) and schwannoma (n =
4). Four lesions (6.9%) were malignant, including a metastasis
of unknown gastrointestinal origin, a malignant peripheral
nerve sheath tumour (MPNST), a malignant melanoma and
a spindle cell sarcoma (Table 2). Two patients (3.4%) had
intermediate grade neoplasms, a soft-tissue giant cell tumour
and a myxoinflammatory fibroblastic tumour, because of their
rare potential for metastasis (Table 2). Ten lesions (17.2%)
were non-neoplastic. The various histological diagnoses are
displayed in Table 3.

All 4 malignant tumours occurred in adults. All four lesions
were fully excised at the time of excision biopsy, with no
further resection required owing to the clear margins at

intermediate to mildly increased signal intensity. The maximal lesion
dimension was 6 mm. Histology demonstrated this to be a benign
fibrous histiocytoma (benign neoplasm category lesion)

histological analysis. The patient with a spindle cell sarcoma
(low-grade) underwent further wider local excision in view of
the sarcoma diagnosis rather than an inadequate margin at
primary excision, but the re-resection specimen confirmed
complete resection at the time of initial excision biopsy.

The two sarcoma patients have been followed up in our ser-
vice and, to date, at 2 years post-excision, no local recurrence or
distant metastatic disease has been demonstrated. The remaining
2 patients with aggressive but non-sarcoma lesions were trans-
ferred to the relevant oncology services and managed elsewhere.
Of the 2 patients with intermediate-grade lesions, the
myxoinflammatory fibroblastic tumour patient had follow-up
imaging at 1 year post-excision, which did not show any local
recurrence, whereas the other patient chose to have follow-up
elsewhere.

Discussion

Classical teaching is that a soft-tissue mass should be
suspected of being a sarcoma if it is greater than 5 cm in
dimension, located deep to the fascia and growing [14].
Older age at presentation is also a significant differentiating
factor suggestive of malignancy [15]. However, it has also
been well documented that soft-tissue sarcomas not
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Fig.3 a, b Axial PDW FSE and sagittal T2ZW FSE MRI demonstrating a
small superficial lesion abutting the anterior margin of the superior
patellar pole and quadriceps tendon (white arrows), which is of

uncommonly arise superficial to the fascia [15], and MRI
features suggest that a superficial lesion might be more likely
to be malignant have been described, including size greater
than 5 cm, a lobular contour, fascial oedema and skin involve-
ment [16]. It should be noted that superficial sarcomas are not
uncommonly smaller than 5 c¢cm, presumably because their
superficial location results in earlier presentation.

The differential diagnosis of superficial soft-tissue lesions
is wide and varies depending upon whether the lesion arises in
the epidermis, dermis or subcutaneous fat [17]. Differential
diagnosis also depends upon age at presentation and location
in the body. A correct diagnosis can often be suggested by
ultrasound in the case of lipomas, vascular malformations,
epidermoid cysts and nerve sheath tumours, which were the
commonest lesions in a large ultrasound study of patients
presenting with superficial soft-tissue masses [18]. MRI is
also of value in lesion characterization [1-3, 19], often pre-
cluding the need for pre-operative biopsy, but it is also recog-
nized that many lesions, in particular, non-fat-containing sar-
comas have indeterminate imaging features [20]. In such
cases, as with tumours arising deep to the fascia, a pre-
operative image-guided core needle biopsy should be per-
formed by a radiologist working in the setting of a specialist
sarcoma service, with the biopsy planned in conjunction with
the operating surgeon [4—6]. The use of ultrasound or CT
guidance for palpable lesions is associated with greater diag-
nostic accuracy than non-image-guided biopsy performed in
the outpatient clinic [21], and MRI is also of value in planning
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intermediate signal intensity on both sequences. Maximal lesion
dimension was 14 mm. Histology demonstrated this to be an
angioleiomyoma (benign neoplasm category lesion)

needle biopsy [22]. Following diagnosis, wide surgical exci-
sion is the mainstay of treatment, with either neo-adjuvant or
adjuvant radiotherapy utilized in selected cases [4—6].

The assumption that small, superficial soft-tissue tumours
are unlikely to be malignant may be true, and is supported by
the fact that only 11 out of 247 superficial soft-tissue masses
diagnosed by ultrasound were malignant [18], but the inad-
vertent and/or inadequate excision of unsuspected sarcomas is
also not uncommon. Such lesions are often not imaged before
excision and are commonly incompletely excised, the most
frequent diagnosis being leiomyosarcoma [13]. In such cases,
re-excision of the tumour bed is required, often resulting in a

Table 1  Anatomical distribution of lesions

Body region Subdivision Number of lesions

Location Upper limb Upper arm 10
Elbow
Forearm
Hand 15
Thigh
Knee
Calf
Ankle
Foot
Chest

Abdomen

N W

Lower limb

Trunk
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Table 2 Neoplastic lesions

categorized into benign, Benign (42)

Intermediate (2) Aggressive (4)

indeterminate and malignant
(alphabetical order and number in
parentheses)

Angioleiomyoma (3)

Angiolipoma (2)
Arteriovenous malformation (1)

Benign fibrous histiocytoma
(dermatofibroma) (2)
Capillary haemangioma (2)

Cutaneous leiomyoma (1)
Fibrolipoma (1)

Fibroma of tendon sheath (3)
Glomus tumour (2)

Granular cell tumour (1)
Haemangioma (2)
Myopericytoma (1)
Myofibroma (1)

Myxoma (2)

Nodular fasciitis (2)

Palmar fibromatosis (1)
Pilomatrixoma (6)
Schwannoma (4)

Spindle cell lipoma (1)
Tenosynovial giant cell tumour (4)

Soft-tissue giant cell tumour Malignant melanoma (1)

)]
Myxoinflammatory
fibroblastic tumour (1)

Malignant peripheral nerve sheath
tumour (1)

Soft-tissue metastasis (unknown
gastrointestinal origin) (1)

Spindle cell sarcoma (low-grade) (1)

greater resection of tissue than would have been necessary had
the tumour been adequately treated initially. If radiotherapy is
subsequently required, then this also necessitates wider field
coverage [23-25]. Therefore, any indeterminate soft-tissue
mass should be considered to represent a sarcoma until proven
otherwise, and referred to a specialist sarcoma service for bi-
opsy [6], irrespective of size or site in relation to the fascia.

A potential risk of needle biopsy is the contamination of
healthy surrounding tissue; although this risk is potentially
very low in larger and deeper lesions [10, 11], to the authors’
knowledge, there is little published literature regarding the
frequency of tumour seeding following percutaneous biopsy
in small superficial sarcomas and it may be that this risk is
greater with tumours that are <2 cm in maximal dimension, as
maintaining the needle purely within the lesion at the time of
biopsy may be more difficult. This could potentially result in
incomplete excision and a higher risk of local recurrence, al-
though we are unaware of any study that has shown this to be
the case.

Because of the indeterminate nature of the lesions, we as-
sume them to be malignant. Although the ultrasound study by
Hung et al. [18] indicated that less than 5% of pathologically
proven superficial soft-tissue masses were malignant, the
commonest lesions in their study were lipomas, vascular
malformations, epidermoid cysts and benign neural tumours,
accounting for approximately 65% of the cases. Such lesions

can usually be well characterized by ultrasound and MRI and
would not fit into our criteria of being indeterminate. This
would suggest that the percentage of lesions with indetermi-
nate imaging features that are malignant might be higher.
Lesion size was not taken into consideration, but Calleja
et al. in their study [16] did suggest that size greater than
5 cm might increase the likelihood of malignancy in superfi-
cial soft-tissue tumours. However, a study looking at the char-
acteristics of inadvertently resected sarcomas found 50% of
them to be small and superficial to the fascia [13]. This may be
due to misinterpretation of the current guidelines on the man-
agement of soft-tissue tumours, which state that a sarcoma

Table 3  Non-neoplastic lesions (alphabetical order and number in
parentheses)

Non-neoplastic lesions (10)

Benign squamous cyst (1)

Endometriosis (2)

Epidermal cyst (1)

Foreign body abscess (from vegetable/plant material) (1)
Ganglion (1)

Gout (2)

Non-specific inflammation (1)

Thrombus (1)
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should be suspected when a lesion is greater than 5 cm in
dimension, deep to the fascia and growing [14]. However,
the guidelines do not state the opposite to be the case, and
small superficial lesions may well be malignant, although
the likelihood of this is unknown.

Some limitations of the study include its retrospective na-
ture, and also the small number of sarcomas within the study
group relative to the benign and non-neoplastic lesions, but
this reflects the rarity of such lesions. The relative lack of
long-term follow-up of the patients with sarcoma is also a
potential limitation, but it is known that no local recurrence
has been demonstrated for these patients at 2 years post-
resection.

Recent European Guidelines have suggested that superfi-
cial lesions less than 3 cm in dimension might safely be treated
using primary excision biopsy [10]. The current study sug-
gests that primary excision of small, superficial soft-tissue
masses that are indeterminate according to MRI criteria might
be a safe practice, but only in the setting of a specialist sarco-
ma service, with none of 58 lesions being incompletely ex-
cised. It also identifies that superficial indeterminate lesions
with a maximal dimension less than 3 cm are very unlikely to
be malignant, with only 4 out of 58 cases (6.9%) being
malignant.
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