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B Soft tissue tumours of the elbow are mostly benign. Malig-
nant tumours in this area, although uncommon, often
present unique clinical and histopathological characteris-
tics that are helpful for diagnosis.

B Management of soft tissue tumours around the elbow may
be challenging because of their rarity and the proximity
to neurovascular structures. Careful staging, histological
diagnosis and treatment are essential to optimize clinical
outcome. A missed or delayed diagnosis or an improperly
executed biopsy may have devastating consequences for
the patient.

W This article reviews the most common benign and malig-
nant soft tissue tumours of the elbow and discusses the
clinicopathological findings, imaging features and current
therapeutic concepts.
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Introduction

Soft tissue tumours around the elbow are rare, with an
incidence of around 3.8% of all soft tissue tumours.’
Benign soft tissue tumours occur approximately 10 times
more frequently than malignant ones.2 Nevertheless,
although the clinical presentation of the most frequent
lesions might be straightforward, it can often be difficult
to differentiate benign and reactive lesions from malig-
nant and aggressive ones on purely clinical grounds.
Thus, it is important for the clinician to be aware of the
wide variety of these lesions and treat appropriately or
refer to a specialist centre. When a lesion raises suspi-
cions, it should not be only treated with excisional
biopsy, as this approach might lead to errors which are
difficult to remedy. Where there is doubt after initial

assessment, this should prompt referral to a specialized
tumour centre, where an appropriate biopsy and pre-
operative and reconstructive planning should take place
prior to undertaking any treatment. This article reviews
the most common benign and malignant soft tissue
tumours of the elbow and discusses the clinicopatholog-
ical findings, imaging characteristics and current con-
cepts of treatment.

Benign soft tissue tumours of the elbow

Lipomata (Lipomas)

Lipomas are palpable, mobile, painless masses that are
either superficial or deep to the fascia and in the elbow
and represent 5.2% of all lipomas.! Deep lesions are diffi-
cult to evaluate with ultrasound and a magnetic reso-
nance imaging (MRI) scan is required. Although lipomas
are benign in nature, lipomatous lesions that are deep to
the fascia could be intra or inter-muscular lipomas, or
atypical lipomatous tumours such as well-differentiated
lipomas like liposarcomas with amplification of the
MDM2 gene.3 On MRI, a lipoma presents as a homogene-
ous non-enhancing fatty mass. The T1 and T2-weighted
MRI images show high signal intensity, whereas low sig-
nal intensity is seen on Short Tau Inversion Recovery
(STIR) images or fat saturated sequences (Fig. TA-C).
Biopsy is not necessary in most cases. ‘Watchful waiting’
may be satisfactory for small or asymptomatic lipomas but
large tumours which manifest with pain and/or limitation
of function justify marginal excision.

Synovial osteochondromatosis

Synovial osteochondromatosis is a monoarticular meta-
plastic proliferative disorder of the synovium character-
ized by the formation of multiple cartilaginous nodules in
the synovium, many of which detach creating loose bod-
ies. When the lesion occurs in the upper limb it has a
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Fig. 1 Forty-five-year-old female complaining of a painless mass at the front of the elbow area which proved to be an intramuscular
lipoma. (AB) Anteroposterior and lateral radiograph of the elbow demonstrating a well circumscribed mass at the anterior surface of
the elbow. (C) Magnetic resonance imaging contrast-enhanced sagittal T1 sequences of the mass measuring 4.5 x 2.7 cm.

predilection for the elbow followed by the shoulder.>-8
Symptoms include diffuse joint discomfort and decreased
elbow range of motion with a sensation of joint locking or
catching. Large intra or extra-articular calcified cartilagi-
nous masses, which are formed by the fusion of multiple
synovial chondromas or due to the growth of a solitary
synovial chondroma, have been described as ‘giant soli-
tary synovial osteochondromatosis’.? The last may cause
ulnar nerve neuropathy due to nerve compression.510.11
The diagnosis is based on plain radiographs of the elbow
which show multiple oval, well defined, intra-articular cal-
cified loose bodies that are present in up to 66% of
cases.'213 If radiolucent, these lesions may be detected via
ultrasonography, arthrography, CT, arthro-CT or MRI.1213
Differential diagnosis includes chronic articular infection,
osteoarthritis, tenosynovial giant cell tumour (TGCT),
monoarticular inflammatory arthritis and synovial sar-
coma.’ The treatment consists of open or arthroscopic
synovectomy with removal of loose bodies.’>'¢ Open
radical synovectomy of the elbow joint requires a circum-
ferential approach through medial/lateral or anterior/pos-
terior surgical procedures.” Currently, arthroscopic
synovectomy with loose-body removal via two anterior
(medial/lateral) and two posterior (posterior/posterolat-
eral) portals is a safe and effective option, resulting in low
disease recurrence, low morbidity and early return to
activities.’”.'® The mainstay of treatment should be com-
plete removal of the synovium, otherwise recurrences
may occur in up to 22% of cases and in these cases syn-
ovectomy must be repeated.’” Although this is a benign
tumour, transformation to chondrosarcoma has been
reported in up to 5% of cases, especially when periosteal
reaction and cortical erosion are present.’?

|

Tenosynovial giant cell tumour

Another monoarticular benign but locally aggressive syn-
ovial neoplastic process of the elbow is the diffuse type of
tenosynovial giant cell tumour (TGCT) or pigmented vil-
lonodular synovitis (PVNS). As a term, PVNS is no longer
used by the World Health Organization.?° The tumour can
be localized or diffuse and is rarely malignant.?’ TGCT is
associated with characteristic cytogenetic abnormalities
resulting in the overexpression of the CSF1 gene.?? It com-
monly affects adults in their third or fourth decade of life.?3
Although the knee is most frequently involved, the shoul-
der, followed by the elbow are the most common sites of
occurrence in cases of upper limb involvement.?* Approxi-
mately 0.8% of all TGCT are located in the elbow.!.25-31
Pain, stiffness, recurrent effusion, functional impairment
and posterior interosseous nerve palsy are the most com-
mon clinical presentations.32 MRI with signal attenuation
by haemosiderin, results in low signal intensity on both T1
and T2-weighted sequences and has a positive predictive
value of almost 85% (Fig. 2).3334 A biopsy is always
required for definitive diagnosis. Optimal treatment of
TGCT of the elbow remains controversial.3? Complete
open or arthroscopic synovectomy is the currently recom-
mended.3> Unfortunately, the incidence of local recur-
rence after synovectomy ranges from 9% to 44%3¢ and
destruction of the elbow joint37:38 with secondary arthritis
remains a common outcome. Because of the anatomical
complexity of the elbow joint, complete resection of the
synovium is often challenging and, in order to minimize
the risk of recurrence, adjuvant external beam radiation
therapy (RT)3%40 is sometimes recommended as an adju-
vant therapy, mainly after incomplete resection or in case
of renewed progression after failure of multiple previous
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Fig. 2 Tenosynovial giant cell tumour (TGCT) diffuse type in
a 74-year-old female. Coronal sequence magnetic resonance
imaging of the elbow/upper forearm.

procedures. In select cases, instillation of intra-articular
radioactive colloid such as 90-yttrium#' can be a safe and
potentially effective local adjuvant treatment; however,
further studies are required to assess long-term out-
comes.3142 Neo-adjuvant systemic targeted therapy tar-
geting the CSF1/CSF1R axis (imatinib)*® or other tyrosine
kinase inhibitors such as nilotinib, emactuzumab** and
pexidartinib (PLX3397) have been tested in patients with
locally advanced or relapsed disease, particularly when RT
is contraindicated.*®

Desmoid tumours

Desmoid tumours are benign but locally aggressive fibro-
blastic neoplasms that arise sporadically due to mutations
leading to increased beta-catenin protein level and activ-
ity.4647 These tumours mostly occur in the proximal part
of the limbs. In the elbow, the incidence of desmoid
tumours is approximately 3%.! The progress of these
tumours is not fully understood*® and while some sponta-
neously regress, others can growth quickly but do not
metastasize. Little is known about the prognostic factors
that can differentiate between indolent and aggressive
cases; however, mutations in the beta-catenin gene have
been shown to have prognostic value and may predict the
risk of recurrence.4” The recommended treatment varies
depending on tumour aggressiveness and location. Treat-
ment consists of surgery, cryo-ablation,*® isolated limb
perfusion,®%>1 RT32 and pharmacological therapy: anti-
inflammatory medication such as sulindac or other non-
steroidal anti-inflammatory drugs such as celecoxib,3
tamoxifen,*3 interferon-alpha,*>* cytotoxic chemotherapy
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such as methotrexate,>>, vinblastine,>> doxorubicin,*¢ and
targeted therapies with tyrosine kinase inhibitors such as
imatinib,>” sunitinib, pazopanib and sorafenib.’85° The
infiltrative nature of desmoid tumours and the fact that
they frequently lack a pseudocapsule makes it difficult to
determine the true extent of disease at the time of exci-
sion. In the upper extremity, the ability to achieve ade-
quate surgical margins can lead to patient morbidity due
to the removal of nerves, tendons, and other vital struc-
tures. Factors associated with increased risk of local recur-
rence (LR) after surgery are younger age, positive
margins,%° tumour located in the extremities and a large
tumour size.6' Regarding positive margins though, they
do not lead inevitably to LR, since many tumours recur
after wide resection whereas after incomplete resection
disease may remain stable for many years.6? If the tumour
relapses or the surgical margins are positive, RT may be
utilized and reduce the risk of further recurrence.>? How-
ever, a consensus regarding the optimal treatment
approach is lacking.®3 Surgical resection is nowadays less
frequently used; instead, an initial period of observation is
recommended when the patient is asymptomatic and the
tumour is not progressing.>%:62,64

Schwannomas

Schwannomas also called neurilemmomas or neurino-
mas, are benign nerve sheath tumours originating from
Schwann cells. Most schwannomas are single sporadic
benign neoplasms; however, sometimes they can be part
of multiple schwannomatosis, regarded as the third type
of neurofibromatosis.®> They are the commonest tumours
of peripheral nerves and their incidence in the upper limb
is 19% of all schwannomas, with approximately 5.2%
occurring in the elbow.(1,66) They present as painless
swellings and usually remain asymptomatic for a few
years. They occur more frequently in mixed nerves rather
than pure sensory or motor nerves. Most schwannomas
can be diagnosed clinically. Schwannomas are mobile
firm masses in the longitudinal plane, along the course of
the involved nerve.6” They may cause symptoms with or
without a Tinel’s sign upon percussion of the tumour, if
the affected nerve is a sensory or a mixed nerve.’®¢ On
imaging, the tumour may cause bone scalloping and
appears longitudinal along the course of a peripheral
nerve (Fig. 3A-C).%° A specific finding in the MRl is the ‘tar-
get’ sign due to the difference in signal intensity between
the periphery and central portion of the mass which cor-
responds to the biphasic histological pattern (Antoni A
and B areas).”® Surgery, as a ‘shell out’ procedure/mar-
ginal excision is all that is required in symptomatic
schwannomas. Despite the classical description that
schwannomas are well encapsulated and can be com-
pletely enucleated during excision without producing a
neurological deficit, a percentage of them have fascicular
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Fig. 3 Elbow schwannoma in a 58-year-old female. Magnetic resonance imaging showing the 1.3 x 1.3 x 3.6 cm mass abutting the
proximal ulna. (A) Axial T1. (B) Axial T1 with contrast. (C) Sagittal T2 fat saturated sequence of the mass.

involvement and could not be completely shelled out.”'.72
Even with meticulous dissection, removal of a tumour
without damaging any fascicles can be technically difficult
and increases the risk of transient or permanent neuro-
logical damage. However, the threshold for iatrogenic
injury during surgical dissection of a peripheral nerve
tends to be lower in the upper limb than in the trunk or
lower limbs.”2

Haemangiomata (Haemangiomas)

Haemangiomas are unusual benign soft tissue tumours
originating from vascular tissues, that can occur in the
elbow. The most common type of haemangioma of the
limbs is the intramuscular variant which affects mainly
adolescents and young adults. They may cause pain and
fluctuate in size over time.”> On imaging, calcifications
may be observed (phleboliths) whereas on an MRI scan
they appear homogeneous and lobulated (‘bunch of
grapes’).”* Symptoms can be aggravated following exci-
sion and a conservative approach is usually advocated.
However, in cases of outsized tumours that may cause
symptoms, excision or embolization is recommended.”s

Malignant soft tissue tumours of the elbow

The incidence of soft tissue sarcomas (STS) in the upper
extremity is approximately 15-30%,%7677 and the elbow is
involved in less than 1% of cases.”8-83 The most common
STS subtypes encountered in the elbow are the synovial
sarcoma, myxofibrosarcoma and undifferentiated pleo-
morphic sarcoma (formerly known as malignant fibrous
histiocytoma).”68485 The clinical behaviour of STS s

frequently misleading and the diagnosis may be delayed
due to the characteristic slow growth of the tumours,
which also remain asymptomatic for a long time.8¢ How-
ever, when these tumours are located in the elbow, symp-
toms arise earlier due to the anatomical proximity of the
tumours to neurovascular structures which are com-
pressed.80 Contrast-enhanced MRI of the elbow is the
diagnostic method of choice for STS but biopsy is also
required as a confirmatory test. Because STS often metas-
tasize to the lung, a spiral computerized tomography (CT)
scan of the thorax is included in the diagnostic work-up.
The positron emission tomography ('8Fluoro-D-Glucose
Positron Emission Tomography (PET)) has not been estab-
lished as standard imaging modality>®78 but it is useful to
evaluate the response of the tumour to neo-adjuvant
treatment.®”

The treatment of STS of the elbow is challenging since
it is difficult to balance the necessity for resection in ‘safe’
oncological margins while preserving the native anatomi-
cal relationships of the structures as well as their function.
STS of the upper extremities are twice as likely to undergo
unplanned excision compared to those occurring in the
lower extremities, probably because of their smaller size
and their superficial location.”6:88 Consequently, residual
disease and local recurrence is also encountered more
often.® Although in the past high-grade sarcomas of the
elbow were treated with amputation due to high rates of
LR, currently limb-sparing surgery can be performed in
more than 90% of patients.?®

The most established adjuvant treatments for STS are
chemotherapy and radiation therapy (RT). Whether
chemotherapy is beneficial for the treatment of STS
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is controversial.”" Newer agents such as Trabectedin,®?
Eribulin,®® and targeted therapies such as Oralatumab that
blocks PDGFR-a,?* Pazobanib a tyrosine kinase inhibitor,®>
Sunitinib/Sorafenib,?¢ other mTOR inhibitors such as
Sirolimus/Terserolimus®” and Palbociclib a cyclin-dependent
kinase inhibitor,® are promising. In contrast, RT is an
established treatment modality in combination with en
bloc tumour excision. Radiation therapy significantly
reduces the likelihood of LR, except in cases with small,
low grade, superficial tumours. It may be given pre or
post-operatively with similar oncological results but differ-
ent toxicities: pre-operative RT that utilizes a smaller radi-
ation field and smaller dose (around 50 Gy) has a higher
wound complication rate (around 35%); post-operative
RT that utilizes larger fields (to accommodate for the sur-
gical manoeuvres) and higher doses (60—66 Gy) is asso-
ciated with reduced wound complications (around 17%)
but higher late toxicity (limb oedema and fibrosis).%%100
Newer cutting-edge modalities, such as intensity modu-
lated RT (IMRT) or particle RT (proton or carbon ion)
maximize efficacy while minimizing toxicity to the sur-
rounding tissues, and may gradually replace the tradi-
tional techniques.’0!

Synovial sarcoma

Synovial sarcoma is one of the most common soft tissue
sarcomas in the elbow. In the upper extremity these sar-
comas have and incidence rate of 16-25%.76102 They
may be encountered either as an extra-articular or intra-
articular tumour and typically affect adolescents and
young adults.’92 The cytogenetic abnormality t(X:18)
(p11;911) is found in 95% of patients with synovial sar-
coma.'® On imaging studies, findings such as a slow
calcified growing soft tissue mass near but not in the
elbow joint in a young patient suggest the presence of
this tumour. The tumour size, location, patient age, and
presence of poorly differentiated areas determine the
prognosis in patients with these lesions. Tumours
located in the upper extremity have more favourable
prognosis compared with those in the head and neck,
axial or lower extremity lesions,’%4 along with those in
patients younger than 15-20 years.'%5 The presence of
extensive calcification suggests improved long-term sur-
vival.1% There is considerable controversy regarding the
prognostic significance of tumour cell type (monopha-
sic or biphasic). The gene fusion type SYT-SSX2 (more
common in monophasic lesions) has been associated
with a better prognosis and an 89% metastasis-free sur-
vival compared with that for SYT-SSX1.(107-109) The
gold standard treatment for synovial sarcoma is wide
tumour resection (Fig. 4A-H) plus chemoradiation
because it is a chemosensitive tumour.’%11 Newer
agents have been successfully administered such as

672

trabectedin'’?2 and some centres advocate neo-adjuvant
treatment.62113 The clinical course of synovial sarcoma is
characterized by a high LR rate of 30—-50% and marginal
excision is associated with even higher rates.'’* Meta-
static disease is observed in approximately 41% of
patients'’> with the majority of metastases occurring
within the first two to five years after treatment. The
most frequent metastatic site is the lung, followed by
lymph nodes (4—18%) and bone (8-119%).107,116117 The
five-year survival rate of patients with synovial sarcoma
ranges from 36% to 76%. At 10 years, the survival rate
has been reported to range from 20% to 63%.'13

Myxofibrosarcoma

Another STS frequent in the elbow area is the myxofibro-
sarcoma. These sarcomas are malignant fibroblastic
tumours with myxoid stroma. They appear more fre-
quently in the sixth to eight decades with a slight male
predominance. There are encountered more frequently in
the upper extremity than other STSs (such as leiomyosar-
coma) with a frequency of between 22-32%11811° and the
elbow is involved in approximately 3% of cases.’'8120 Half
of them arise subcutaneously, often associated with
unplanned excision.21.122 The most striking feature is high
incidence of LR: between 30-60% in many series (around
15% in some modern series).'811° This can probably be
attributed to a highly infiltrative pattern and growth along
fascial planes, seen on MRl scans as a high signal ‘tail’.121,123
Indeed, high incidence of positive margins (43% with
microscopic spread of up to 29 mm beyond macroscopic
tumour) has been reported.’® Therefore wide excision
with further re-excision if needed is of utmost importance.
All of the high signal area in the MRI should be resected if
possible, leading to significant soft tissue defects.!19.124
Reconstruction/flap coverage should probably be carried
outin a delayed fashion as a second-stage procedure, after
ensuring that margins are negative.'%125 Peri-operative RT
is also very important. The radiation field should include
the initial tumour plus adjacent suspicious tissues; reduc-
ing field size may not be advisable in this particular
tUmOUr.118'119’121

Undifferentiated pleomorphic sarcoma

Undifferentiated pleomorphic sarcoma, formerly known
as Malignant Fibrous Histiocytoma (MFH) mainly occurs
in the upper extremities in a frequency of 19%, with the
region of the elbow most commonly affected.”"’ It is the
second most common high-grade STS among adults
between 60 and 70 years old, and frequently presents as
a slow growing painless and enlarging mass.2¢ Wide
resection with negative margins plus peri-operative
chemo and RT achieves optimal results for local control
and overall survival.’?”



SOFT TISSUE TUMOURS OF THE ELBOW

Fig. 4 A 64-year-old man presented with a small painful mass of his left elbow. (A) Sagittal T1-weighted magnetic resonance imaging
(MRI) showing a well circumscribed mass with homogenous intensity. (B) Sagittal T2 Short Tau Inversion Recovery (STIR) MRI. (C)
Axial T1 fat saturated contrast MRI. (D) Intra-operative image following wide excision of the tumour, including the proximal part

of the ulna attached to the tumour. The biopsy confirmed the diagnosis of synovial sarcoma. (E) Post-operative radiographs after
tumour resection. However, a pathological fracture of the proximal ulna occurred secondary to radiation therapy. (F) Anteroposterior
and (G) lateral elbow radiographs following open reduction and internal fixation of the pathological fracture of the ulna with two
plates. (H) Post-operative axial T1 MRI with contrast showing no signs of recurrence three years post-operatively.

Conclusions

Soft tissue tumours around the elbow are rare. Although
the characteristics and treatment of benign lesions such as
lipoma are relatively straightforward, synovial disorders
such as synovial chondromatosis and TGCT remain diffi-
cult, with high incidence of local recurrence even after
complete synovectomy. Soft tissue sarcomas in the elbow
are sometimes misdiagnosed and the treatment is delayed.
Limb salvage surgery is the treatment of choice for

malignant soft tissue tumours of the elbow. Unfortunately,
in many cases, resection in ‘safe’ oncological margins
results in significant compromise of the function of the
forearm and hand. Following wide tumour resection, adju-
vant therapies may lessen local recurrence, but the effect
on overall survival rate remains unclear. The role of chem-
otherapy in the treatment of malignant soft tissue tumours
of the elbow is controversial. By contrast, RT is an estab-
lished therapeutic modality in the managements of these
lesions.
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