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Electronic Supplementary Material

Statements and comments:

Section 1. Primary diagnosis, local imaging

1.1 History and Physical Examination (“H & P”):

1.1.1. Past medical history (PMH)

The following information should be available for the radiologist:

- When did the patient first notice the lesion?

Does it change in size? Is it growing, and how fast?
- Has there been a recent trauma? Is the patient anticoagulated?
- Is there any oncologic history of the patient?

Is there a family history of tumors or syndromes?

- Is there history of previous surgery or of radiation therapy?

A standardized checklist, primarily filled out by the patient, and discussed with the radiologist, is
considered advisable. The patient or the referring clinician should also be asked to provide previous
imaging if available.

Comments:

The past medical history of the patient is considered important and has to be taken into account not only
by the clinician, but also by the radiologist. The following information regarding the PMH should be
available for the radiologist:

(a) When did the patient first notice the lesion? (b) Is it growing, and how fast? Does it change in size
(e.g., dependent on position, exercise, or muscle contraction/relaxation)? [1]

(c) Has there been a recent trauma? [2] Caveat: many patients report trauma that may be unrelated
and misleading [3]. (d) Is the patient anticoagulated? [4] (e) Is there any oncologic history (malignancy,
chemotherapy, or radiotherapy)? (f) Is there a family history of cancer, soft tissue tumors or syndroms
[5] (e.g., Neurofibromatosis [6], Gardner syndrome [7], Li-Fraumeni syndrome [8], Retinoblastoma [9],
Rothmund-Thomson syndrome [10], Werner syndrome [11], Gorlin syndrome [12], Tuberous sclerosis

[13] )? (g) Is there history of previous surgery or of radiation therapy? [14-16]
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A standardized checklist [17], primarily filled out by the patient, and discussed with the radiologist, is
considered advisable.

The patient or the referring clinician should also be asked if, where and when previous imaging had
been performed . The previous imaging studies and their radiological report should be provided to the
assessing radiologist (if available).[18]

1.1.2. Clinical symptoms and palpation

The following information should be available for the radiologist:

- Is the lesion palpable, and if so, is it hard or soft?

- Is it movable against the skin and underlying tissue?
- Is the lesion painful? Tinel sign?

- Are there skin alterations or pathologic vessels?

- Single or multiple lesions?

Comments:

The consistency of sarcomas often appears firm, while lipomas appear soft and vascular malformations
can be compressed. [19] Fixed masses are often malignant, though locally aggressive lesions of
intermediate dignity (such as desmoids) also may be fixed. [19]

The radiologist should know whether the lesion is painful (constant pain or pain on palpation), though
indeterminate soft tissue tumors cannot be further characterized by this information.[20] Tumors of
neural origin may be painful on palpation, and irritated nerves adjacent to tumors also may cause a tinel
sign.[19]

Cutaneous sarcomas are rare, but there may be skin alterations or pathologic vessels adjacent to
sarcoma.[3]

Typical examples for multiple lesions are vascular malformations [21] , tenosynovial giant cell tumors
[22], desmoids [23], xanthomata [24, 25], Kaposi’s sarcoma [26], and neurofibromas in

Neurofibromatosis (NF) type 1 [6]. schwannomas in NF2 [27] or in schwannomatosis. [28]

1.2 Imaging modalities and algorithm:
1.2.1. Role of Ultrasound.

- Ultrasound (US) is considered the appropriate initial triage imaging modality for a suspected
soft tissue tumor, if accessible by US and small (<5cm). When US diagnosis is not typical for a
diagnosis, refer to Magnetic Resonance Imaging (MRI) or even biopsy
Caveat: MRI should be performed prior to biopsy (if it will add to lesion characterization), not

afterwards
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- Benign lesions that can be diagnosed on US include:

- simple cyst, bursa, synovial/ganglion cyst (purely cystic well-defined lesion without any solid
component, anechoic, with posterior acoustic enhancement and no internal vascularity);

- superficial lipoma (homogeneous well defined, often encapsulated, and compressible with no
clinical concern, clinically stable, < 10 cm and with documented stability on US (at least 6
months follow-up)),

- foreign body granuloma with a compatible history,

- superficial fibromatosis (e.g., palmar and plantar fiboromatosis, infantile digit fiboromatosis),

- muscle hernia and

- Morton neuroma.

- Benign lesions that can often be diagnosed on US include aneurysms and muscle tears. In any

case of doubt, MRI should be performed.

- Small, superficial soft tissue masses that are likely to be benign, or which have been diagnosed
with US (see above) but show interval growth should undergo biopsy (in lesions < 2-3 cm,

excisional biopsy can be considered).

Comments:

In patients with a suspected soft tissue tumor, ultrasound (US) is considered the appropriate initial triage
imaging modality if the tumor is accessible by US and <5cm in size [29-31]. The presence of a soft
tissue tumor can be confirmed, but characterization is limited, as is local staging: invasion of juxta-
articular structures, intra-articular extension and osseous involvement cannot be diagnosed reliably. US
is readily available, “real time,” radiation free, and cost effective but depends on the skill of the
sonographer and may be challenging in obese patients. Reproducibility and reliability depend on
consistent documentation.

Ultrasound is highly accurate for diagnosis of specific superficial lesions with typical ultrasound features
[32] (see also section 1.4.1 on ultrasound report). Although US is excellent for the detection of even
very small lesions, it may miss lesions in deep locations [32, 33]. Small areas of scar tissue can be
misinterpreted as recurrence in patients who have had previous surgery. If a lesion is detected but not
clearly benign, refer for biopsy or MRI [18]. Ultrasound should be used as primary guidance modality for
biopsy in accessible areas [34]

US is able to provide a diagnosis of a benign soft tissue mass in the following lesions:

Simple cyst, bursa, synovial/ganglion cyst: purely cystic well-defined lesion without any solid
component, anechoic, with posterior acoustic enhancement and no internal vascularity [34, 35]. Bursae
[36] and ganglia [37] may show complex appearances but can also be diagnosed with US when they
occur in typical sites and show otherwise compatible imaging features. Superficial lipomas are
homogeneous, well defined, encapsulated and compressible, but show variable reflectivity; no
significant internal vascularity on color Doppler, with no clinical concern and documented stability [38,
39] . Foreign body “granuloma” should be considered when there is a compatible history [40]. Superficial
fiboromatosis (e.g., palmar and plantar fibromatosis, infantile digital fioromatosis) [40-42]. Muscle hernia

[43]. Morton neuroma can also be diagnosed by typical ultrasound features [44].
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1.2.2. Role of Magnetic Resonance Imaging

- MRl is the imaging technique of choice for characterisation and local staging of musculoskeletal
soft tissue masses with indeterminate ultrasound features and large tumors.
- Primary MRI should be considered instead of US if there is a clinical suspicion of malignancy, if the

mass is deep, rapidly enlarging, and if there is osseous or joint involvement

Comments:

A soft tissue mass with indeterminate ultrasound features requires MR imaging, which is accepted as
the imaging method of choice for diagnosis and local staging of musculoskeletal soft-tissue masses
[45]. MRI should be performed for any large tumor with a chance of being malignant [46] .

Primary MRI should be performed as an initial imaging technique in the following indications [47]:

— Clinical suspicion of malignancy: suspicious clinical examination (fixed lump, large mass), deep mass,
persistent swelling after trauma, rapidly enlarging lesion (except small superficial lesions), osseous
involvement, joint involvement.

—In every case of abdominal/ pelvic/ retroperitoneal/ paravertebral mass lesion detected incidentally

with other imaging modalities.

The following lesions can/may be reliably characterized by MRI:

- Anatomic variations, vascular malformation (+ high flow/low flow)

- ganglion cyst, Baker cyst, bursitis

- Lipoma, peripheral nerve sheath tumor (neurofiboroma/schwannoma, apart from
“ancient’schwannoma), TSGCT/pigmented villonodular synovitis (PVNS)

hematoma, muscle tear, myositis ossificans, and aneurysm

Comments:
The following lesions can/may be reliably characterized by MRI:

- Anatomic variations, such as accessory muscles [48]

- Vascular malformation [49], either low flow (typically multiseptated masses of fluid-signal intensity with

thin septations, signal voids, often containing fatty signal within or at the periphery, potential fluid-fluid
levels due to stagnant flow), or high flow (typically with a cluster of irregular high flow vessels with one

or more feeding arteries and one or more draining veins)
- Purely cystic lesions without any intralesional enhancement, such as Baker’s cysts, or a bursitis,

intraneural ganglia at typical locations (i.e. peroneal nerve) [50, 51], or an abscess with rim

enhancement and fluid content in the appropriate clinical setting.
- Lipoma [52, 53], in terms of an encapsulated or non-encapsulated lesion with fat signal intensity,

potentially with thin (<2 mm) non enhancing septae. However, areas of higher signal intensity on T2 FS
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images, due to inflammation, fibrosis, necrosis, hemorrhage, spindle cell lipomas, angiolipomas or
brown fat in hibernomas may mimic well-differentiated liposarcomas. Superficial angiolipomas, (the
rare) nerve lipomatosis, diffuse lipomatosis of the synovium (lipoma arborescens), (discrete) lipomas of
the tendon sheath or joint [54, 55] and adiposis dolorosa subcutaneous lesions [56] can be confidently
diagnosed on MR imaging.

- peripheral nerve sheath tumor (PNST), when there is typical relation to a nerve which appears tapered
or normal [57] along with fusiform morphology, a bright T2 rim of the tumor, a target sign or fascicular
sign (neurofiboroma/schwannoma). However, definite characterization is only possible in cases of proven
nonpainful neurofibromatosis (NF), when follow-up imaging is used to detect and monitor typical
neurofibromas. Of note, so-called “ancient” schwannomas can often not be differentiated from malignant
PNST [58]. A history of NF 1 is typical for large plexiform neurofibromata, while a history of NF2 for

multiple schwannomas.
- Tenosynovial giant cell tumor (TSGCT)/pigmented villonodular synovitis (PVNS) [59], [60]. T2

hypointensity is characteristic for those tumors. Blooming effects are typically seen in the diffuse form of
TSGCT due to their hemosiderin content, but may be missing in the rare localized intra-articular PVNS
or TSGCT; in that subgroup, intense enhancement is often seen. A common subgroup of TSGT is

related to a tendon sheath.

- Hematoma [61, 62], although the MRI appearances of chronic hematomas with peripheral nodular
enhancement due to granulation tissue or large chronic expanding hematomas can be misleading

- Myositis ossificans (MO) [63], together with Projection radiography or CT; however in early stages,

before the typical early peripheral mineralisation (eggshell-like in CT)develops, MO may masquerade

sarcomas; alignment along the long axis of the muscle and extensive adjacent edema may be helpful
[2]

- Muscle tear [64]. Rarely spontaneous (i.e. corticosteroid use, chronic renal failure) neglected ruptures
of long muscles or tendons, such as Achilles, biceps or rectus femoris may present as pseudomasses
[65].

- Aneurysm [66].

Other lesions that may be reliably characterized by MRI include lesions due to friction in certain
anatomic locations, such as elastofibroma dorsi or plantar fibrous lesions under the metatarsal heads

[67, 68], and also pseudotumors of peripheral nerves such as Morton neuromas, traumatic neuromas

[69] and plantar / palmar fiboromatoses [70].

1.2.3. Role of Projection Radiography

- There is limited role of radiographs in local staging of soft tissue sarcoma.
- However, radiography is a complementary modality for the identification and characterization of (a)

intralesional mineralization patterns and (b) potential bone involvement of soft-tissue masses.
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Comments:

Radiographs are cheap and easily available. These if performed can delineate fat within a lesion.
Intralesional calcification and mineralization can be depicted [45, 71, 72]. This might be helpful in
extraskeletal chondrosarcoma, synovial sarcoma, liposarcoma, chondroid lipoma and extra-skeletal
mesenchymal chondrosarcoma. Characteristic calcifications can be pathognomonic in tumor mimics
such as myositis ossificans, periostitis ossificans, or vascular malformation (phleboliths).

Soft tissue tumors adjacent to the bone may lead to pressure erosions or infiltrate with bone destruction
(examples for pressure erosions are tenosynovial giant cell tumors, synovial chondromatosis or
schwannomas, and examples for osseous infiltration are synovial sarcoma, extraskeletal
chondrosarcoma, undifferentiated pleomorphic sarcoma, and liposarcoma) [71, 73].

The role of radiographs for local staging of soft tissue sarcoma is minimal [74].

1.2.4. Role of Computed Tomography

- For regions with a complex anatomy (e.g., axial skeleton, head/ neck, thoracic, and pelvic areas),
CT is preferred over radiography.

- In cases where metallic structures cause unacceptable artifacts on MRI, even though modern
metal artifact reduction techniques are applied, the use of CT with metal artifact reduction protocols
may be useful.

- Adeep soft tissue mass discovered incidentally during body CT requires further diagnosis.
Depending on the lesion morphology, either MRI or immediate biopsy may be indicated.

- CT can be considered instead of MRI for complex thoracic/ abdominal / other deep masses. CT
should be performed in case of complex thoracic/ abdominal / other deep masses if MRI is
unavailable or contraindicated.

- Dual energy CT scan (DECT) can aid in metallic artefact reduction as well as in evaluation of soft

tissue calcification.

Comments:

Primary CT should be considered instead of US when the lesion is intrathoracic or intra-abdominal
(including pelvic and retroperitoneal lesions). CT after US should be considered where there are
contraindications to MRI (such as pacemakers) or when MRI is not available.

In cases with metallic implants or other metal foreign bodies, which interfere with MRI imaging, CT can
act as an alternative tool to delineate local tumor extension and its relation to the metallic hardware [75].
CT and MRI may have complementary roles, with the capability of CT to demonstrate intralesional
mineralization patterns and potential bone involvement [76].

A deep soft tissue mass incidentally found at CT usually requires MRI examination. Tissue-specific
evaluation and multiplanar capability of high-resolution MRI permit better tumor localization and

characterization of pelvic / retroperitoneal masses [45, 46].
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In conventional CT, differentiation between tissues are dependent on the atomic number of the
materials involved, whereas in DECT, the difference in the attenuation is dependent on both the atomic
number and electron density [77].

DECT can assess other aspects of musculoskeletal system including bone marrow edema and as a
non-invasive alternative to synovial fluid aspiration in assessment of gout [78].

DECT can be effectively applied in reducing beam-hardening and metallic streak artefacts by using
high-energy X-ray photons [77, 79]. DECT combined with post-processing by metal artefact reduction

software can significantly enhance image quality [80].

1.2.5. Role of other techniques

- There is no role of bone scintigraphy in local staging of soft tissue sarcoma.

- There is no role of PET-MRI and MRS in routine local staging of soft tissue sarcoma

Comments:

There is no role of bone scintigraphy in local staging of soft tissue sarcoma [74, 81]. This has limited
value even in distant staging as bone metastasis are rare in soft tissue sarcoma. Although literature is
scarce, Technetium-99m SPECT might add to the specificity of radiologic imaging in lesions to prove
bone formation (myositis ossificans) [82], and if the differential diagnosis includes specific rare primary
soft tissue lesions (ossifying lipoma/osteolipoma, extraskeletal myxoid chondrosarcoma, chondroid
lipoma, ossifying fibromyxoid tumor) [54].

IMT-SPECT might add to the detection of soft tissue sarcoma >5mm (a small study of 32 patients
resulted in 100% sensitivity and 88% specificity) [83].

PET-MR and MR spectroscopy is used mainly for research purposes. These can enable evaluation of
metabolic activity of soft tissue sarcoma and assessment of response post treatment and diagnosis of

recurrence [84, 85].

1.3 Imaging technique:

1.3.1. Ultrasound technique

— The recommended frequency is at least 12 MHz. Lower frequencies can be used for detection of
deeper lesions.

— Contrast enhanced Ultrasound (CEUS) can be considered by radiologists with special experience
in CEUS for biopsy guidance in large lesions.

— Elastography is not considered necessary.

— Evidence regarding the application of ultrasound elastography for differentiating benign from
malignant MSK soft tissue tumors is conflicting. There is no significant proof to recommend

ultrasound elastography as a method for identification of MSK soft-tissue tumor malignancy.
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Shearwave elastography is a feasible technique for evaluation of benign MSK soft tissue tumors,

with insufficient proofs to be recommend as an imaging method for their differentiation.

Comments:

Minimal technical requirements (US probes, color-Doppler) are:

Linear broadband array higher frequency probes, at least 12 MHz, frequency for deeper lesions not
below 5-9 MHz.

Extended field of view, harmonics and color-Doppler must be available.

Complete visualization of the lesion and definition of the relation to bony structures is a minimum
condition for local staging with US.

Consider CEUS for detection of viable tissue in large lesions, especially for biopsy guidance [86].

Not essential to have elastography and contrast [87-89].

Several recent studies showed potential usefulness of several shear-wave elastography measures in

discrimination between benign and malignant MSK soft tissue tumors [90-92]. Other studies indicated

low reproducibility [93] and low diagnostic performance [87, 94, 95], due to heterogeneity of soft tissue

tumors [94, 95] and tumor surrounding tissue [95]. In superficial benign soft tissue tumor diagnosis the

mean shear modulus was different between epidermoid cysts, ganglion cysts and superficial lipomas

[96]. A study by Tavare et al [95] indicated that the shear wave velocity obtained by two dimensional

shear wave elastography had significant diagnostic accuracy in discriminating MSK soft tissue lesions

defined as probably or certainly benign by conventional ultrasound. It may provide an additional proof of

the lesion benignity and help avoiding unnecessary biopsy if larger prospective studies confirm its utility.

1.3.2. MRI technique

The recommended field strength of the MRI scanner for soft tissue tumors is at least 1.5 T. 3T may
be useful and is optimal for advanced imaging such as spectroscopy.

A cutaneous marker should be applied.

The field of view should be as large as necessary to image the entire lesion, peritumoral edema,
and a layer of adjacent normal tissue, and to image nonpalpable masses reliably.

The voxel size should be as low as feasible to demonstrate relevant morphologic features and
anatomic detail

The size of the tumor should be measured in three dimensions.

Axial sequences with high spatial resolution are important to define tumor margins, tissue and
compartment involvement, and neurovascular, bone, and joint involvement.

The recommended basic protocol includes combination of T1-weighted and a fluid-sensitive, fat-
saturated (FS) sequence, both parallel to the long axis of the tumor.

The use of Dixon technique for T2w and T1w sequences is advantageous, as a single Dixon based
acquisition provides four contrasts, including images with and without fat suppression, and
information about the fat content of a lesion (detection on Fat images and quantification on Fat

Fraction maps).
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— An axial T2-weighted sequence without fat saturation can provide further information about the
tumor matrix.

— A diffusion weighted sequence (DWI) with calculation of the apparent diffusion coefficient (ADC)
may also be useful.

— The diffusion-weighted sequence of the protocol should have at least two but optimally three b-
values ranging from 50 s/mm2 to max. 800 or 1000 s/ mm?2.

— In MR, intravenous gadolinium contrast administration with the use of dynamic contrast enhanced
sequences (DCE) can help in the differentiation of benign versus malignant soft tissue tumors.

— DCE enables to detect viable intra-tumoral areas and to determine their vascularization patterns,
and therefore assists in targeting tumor biopsy.

— Post Gd subtraction techniques are useful for ruling out areas which present an intrinsically high
signal intensity on T1w images (such as melanin or methemoglobin).

— When applying appropriate metal artifact reduction MRI techniques, subtraction images of post-
and pre- Gd T1lw MR images are useful for assessing contrast enhancement next to metallic
hardware, which may otherwise be obscured by failed spectral fat suppression.

Comments:

There are no studies that are directly comparing the diagnostic performance of 1.5 T and 3T magnets.
Currently, literature data on the value of MRI in the diagnosis of Soft Tissue Tumors are mostly based
on the use of a magnet strength of 1.5 T [97] . 1.5 T magnets are widely available and are known to
provide good quality images and are useful for evaluation of soft tissue tumors in daily practice [98] . For
more advanced imaging and multiparametric imaging, including Proton Nuclear MR Spectroscopy, 3 T
magnets may add additional information [99-104] , but there is currently no evidence that this may alter
clinical decision-making.

A cutaneous marker should be applied. Care should be taken not compress the mass by this marker
[98]. A marker proximal and a second marker distal to the lesion is most appropriate to define the
minimal FOV and to prevent local compression of the mass. The field of view should be as large as
necessary to image the entire lesion, peritumoral edema, and a layer of adjacent normal tissue [105],
and to image nonpalpable masses reliably (usually this aspect is especially important in coronal or
sagittal sequences).The use of a large field-of-view (FOV) may be used for initial detection or for
detection of multifocality. Multiplicity, satellite lesions, and abnormal proximal lymph nodes should be
described on these large FOV. However use of a large FOV results in loss of spatial resolution;
Therefore, a smaller FOV targeted to the lesion is recommended [98].

Axial sequences with high spatial resolution are important to define tumor margins, tissue and
compartment involvement, and neurovascular, bone [106], and joint involvement [107]. The matrix
should be optimized to achieve high in-plane spatial resolution, high signal-to-noise ratio, and a
reasonable examination time.

The tumor should be measured in three dimensions (sequences should be performed in at least two
planes). At least one sequence should include an external bony landmark for measuring and operation
planning. Axial imaging is usually the primary imaging plane. The choice of the other imaging planes
(either sagittal or coronal) depends on the location of the lesion. At least one T1-WI without fat-
suppression is needed. T1-WI in more than one plane is useful if any fat is detected within the lesion
[108].
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Recommended basic and minimal imaging protocols include T1-weighted and a fluid-sensitive, fat-
saturated (FS) sequence, both parallel to the long axis of the tumor. An axial T2-weighted and a T1-WI
FS sequence may provide further information about the tumor matrix [108-110], and improve specificity.
In T2-weighted sequences without fat saturation, hypointense areas may represent calcification or
ossification, fibrous tissue, substance depositions (examples are hemosiderin, amyloid, or some gout
tophi), or a combination of these [109]. Areas of the tumor which contain myxoid matrix are typically
very hyperintense and may even appear fluid-like [111]. In those areas, diffusion weighted sequences
(DWI) also show a high apparent diffusion coefficient (ADC) [112-114]. On the other hand, tumor stroma
with densely packed cells (in tumors such as extraskeletal Ewing sarcoma) appears less hyperintense
on T2w sequences, which, due to the image contrast, can be better differentiated without fat saturation,
compared to fat saturated fluid sensitive sequences. In those tumors, the apparent diffusion coefficient
(ADC) is typically markedly reduced [115] . Recommended b-values range from a minimal value of 50
s/mm2 (to minimize perfusion effects) to a maximal value of 800 s/mm2 (to avoid SNR degradation)
[116, 117] or 1000 s/mmz2 (to potentially provide even better conspicuity) [118].

The Dixon sequence, which was introduced in 1984 [119], is based on phase shifts created by fat—-water
resonance frequency differences, which allow to separate water from fat. A single acquisition results in

four contrasts (“in phase”, “out of phase”, and, by addition or subtraction, also “water only” and “fat
only”) [120]. A disadvantage is the need for longer scan times; however, with the development of
mDixon (it uses asymmetrical echos, resulting in shorter acquisition time) the issue of time penalty can
be addressed [121]. With technical advances, the technique became insensitive to BO and B1
inhomogeneities (which posed problems especially in anatomical regions such as the head/neck region
or the distal extremities, or areas near metallic objects), so that robust T1w, T2w and PD Dixon
sequences can be assessed, including fast spin echo sequences [122] . Thus, e.g., the T2w sequence
and the fluid sensitive fat suppressed sequence can be replaced by one T2w Dixon sequence, which
also includes a reconstruction showing the fat content of a lesion. The fat content of lipomatous tumors
has also been quantified by Dixon based sequences [123]. The fat suppression by Dixon T2 and Dixon
T1-Gd FSE has also been tested specifically in MSK tumor imaging; it proved to be more homogeneous
in areas of field inhomogeneity, compared with SPAIR [121]. A single T1w Dixon post Gadolinium can
therefore replace the concurrent acquisition of Tlw sequences with and without fat saturation [121]. If
Dixon is not available, spectral fat suppression is preferred over inversion recovery unless metal artefact
is present [108].

Although gradient echo imaging is not part of the routine imaging protocol, T2* imaging should be
performed whenever the lesion is suspicious for containing hemosiderin [98].

Unless the lesion can be characterized as a definite benign lesion, such as a lipoma or a synovial cyst,
we recommend using intravenous gadolinium-based contrast agents, if possible and feasible, at a
routine dosage (usually, 0.1 mmol/kg body weight).

In patients with renal insufficiency, the European Society of Urogenital Radiology (ESUR) guidelines
should be taken into account [124]. Post-contrast sequences should be performed in two planes
(routinely, the T1-weighted pre-contrast sequence along the long axis is repeated, and a FS T1-
weighted axial sequence is performed). Additional sequences may include dynamic contrast

enhancement that can be helpful in characterizing the tumor (especially vascularization and matrix)
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[102, 103, 106, 125, 126], and therefore assists in targeting tumor biopsy [127]. Pre-treatment dynamic
MR studies are useful as a baseline for follow-up MR scans to monitor response to chemotherapy.

- Subtraction (the sequence after intravenous gadolinium contrast administration minus the identical
sequence before) has been in use since the early days of MRI already [128]. It can help to differentiate
enhancing areas from those which are intrinsically bright on T1 due to components with short T1
relaxation times (such as melanin, proteinaceous fluid, hemorrhagic areas with met-hemoglobin, or
paramagnetic substances) [129, 130] (Gadolinium contrast subtraction has proved useful to reduce
metal artifacts and thus allows a better visualization of tissue contrast enhancement next to metallic
hardware [131].

1.3.3. Projection radiography technique

— Initial radiographic evaluation should be performed with at least two orthogonal views.

Comments:
Initial radiographic evaluation should be performed with two views at two orthogonal views [45, 71].

1.3.4. CT technique

— For the identification and characterization of intralesional mineralization patterns and potential bone
involvement, CT without contrast agent application is sufficient.

— lodinated contrast agents should be used in cases where CT serves for local staging instead of
MRI.

— In case of metallic hardware, metal artefact reduction algorithms should be used.

— CT angiography (CTA) can be used for evaluation of the vascular encasement as well as in

assessment of suspected tumoral thrombus of encased vessels.

Comments:

The use of soft tissue and bone windows, iodinated contrast, as well as multiplanar reconstruction
capabilities of CT scan are important features contributing to accurate evaluation of local tumor
extension and its relations to important surrounding structures [132]. However, for the identification and
characterization of intralesional mineralization patterns and potential bone involvement, CT without
contrast agent application is sufficient.

In cases with metallic implants or other metal foreign bodies, which interfere with MRI imaging, CT can
act as a replacement method to delineate local tumor extension and its relation to the metallic hardware
along with metal artefact reduction algorithms [75].

CT angiography (CTA) can be used in evaluating the vascular anatomy of a tumor as well as in the
assessment of the degree of vascular relation/ compromise [76], though MRI is widely applied [133]. In

cases when embolization is a treatment option; CT scan can be used for pre-operative planning.
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1.4 Imaging reports should contain the following information:

1.4.1. Ultrasound reports

Anatomical location: Relation to the fascia (superficial, deep), exact anatomical location including
compartmental involvement, intra- or intermuscular location, and the relationship to/infiltration of
vessels/nerves, and, if possible, joints and/or bone and crucial adjacent structures.

Size in three dimensions (for the method, please see the section below on MRI).

Morphology: borders/margins and shape (with estimation of growth pattern: infiltrative or
expansive) and (if possible) presence of a capsule/pseudocapsule; cystic, solid (intralesional echo
texture, vascularization (by color-Doppler based Giovagnorio classification), presence or absence
of necrosis, bleeding, suspected tumor matrix mineralization)

Concerns about tumor accessibility by US for a definitive diagnosis or the evaluation of local
extension

The fact that a lesion is indeterminate in US, with recommendation for subsequent imaging

Change to previous examination/ tumor at the site of a previous excision

Comments:

For color-Doppler consider using the classification by Giovagnorio et al., in which avascular lesions are

classified as type 1, hypovascular lesions feeding from single pole are classified as type 2,

hypervascular lesions with multiple peripheral vessels are classified as type 3, and hypervascular

lesions with multiple peripheral and central feedings are classified as type 4 [88, 134].

Although neoangiogenesis is a well-known paradigm in malignant tumors, and type 3 and type 4 lesions

are most often malignant, it should be kept in mind that benign vascular soft tissue tumors like

hemangiomas and vascular malformations may also demonstrate increased vascularity [88].

1.4.2. MRI reports (for details, please see checklist in figure S1):

Location and 3 D size, MR morphology, shape, border, relation to fascia,

— Intra- extracompartmental, relation to adjacent structures (vessels, nerves, joints,...) and
surrounding tissue alterations

— Distance to external landmark, satellites, multiplicity, locoregional lymph nodes, and other tissue
alterations.

— The image quality should be addressed.

— Changes to previous images (if available) should be described.

Comments:

The parameters to be described in local MRI serve to provide an exact local staging to target biopsy and

plan the surgery or serve as a basic study before neoadjuvant therapy. They include parameters for the

Enneking staging system [135] and the AJCC staging system [136].
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Findings to be described include the following parameters:

Lesion location and extension, containing the region of the tumor, the relation to the deep peripheral
fascia, intra- extracompartmental extension where applicable, with mentioning the compartments
involved, relation to adjacent structures (muscles (inter-/intramuscular), growth along fascia/tail sign
vessels, nerves, joints and/or bone) and to an external landmark, as well as the 3 D size [133, 135-143].
Different methods for lesion size measurement have been described. In the revised RECIST criteria,
assessment of the longest lesion diameter in the acquired (axial) imaging plane is recommended [144].
With technical advancement, and especially with the isotropic reconstruction, it is possible to perform
3D measurements (calculation of the volume on this base is justified only in the case of regular lesions
of spherical or ellipsoidal shape) or even semiautomated or automated volumetry [145]. To date,
standardization is difficult, as none of those methods seems to correlate with pathological response to
neoadjuvant chemotherapy and survival [146] (please also see section 2 on whole body staging).

The current AJCC TNM classification [147, 148] requires the assessment of the longest tumor diameter,
which is also correlated with the prognosis [149]

A feasible standardized method for the description of the lesion size could be the following method used
for Ewing sarcomas [142]: Measurement of the longest lesion diameter (a), definition of the
perpendicular cross section, and measure the two largest perpendicular diameters (b,c) in that plane
[142].

The MR morphology (matrix signal intensity (+ presence of fat, + of T2w hypointensity), homogeneity
(esp. heterogeneity of >50% of the tumor volume on fluid-sensitive fat suppressed images, diffusion
restriction (if available, with ADC) should be described. Moreover, the vascularity and enhancement (if
available with enhancement pattern and, in inhomogeneous tumors, closer description of enhancement
distribution), the presence of necrotic or hemorrhagic areas, calcification (evaluation together with
radiograph or CT; pattern, if possible) ; shape, lobularity, borders (e.g., low T1, T2 signal intensity,
pseudocapsule and /or contrast enhancement of the rim) [58, 150] , zone of transition, and surrounding
tissue alterations [58, 105, 109, 150-156] should be described.

Satellites, multiplicity, locoregional lymph nodes, and other tissue alterations should be mentioned
[108].Moreover, changes to previous images [157] and the image quality (esp. next to metal) should be

addressed.

1.4.3. Projection radiographs reports

- Characteristic calcification patterns, bone destruction, and soft tissue swelling

- If possible: Density, location, longest diameter

- Also important features of unsuspected differential diagnosis

- Concerns about superposition effects with, if indicated, recommendation for cross-sectional

imaging by CT

Comments:
The report should contain the description of characteristic calcification patterns, bone destruction, soft

tissue swelling andif possible, density, location, and longest diameter. Important features of
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unsuspected differential diagnosis, and concerns about superposition effects with, if indicated,

recommendation for cross-sectional imaging by CT [71].

1.4.4. CT reports

- Size/Extension: location, longest diameter, bone (cortical and bone marrow) involvement
(destruction/invasion, pressure arrosion/remodelling, sclerosis)

- Retroperitoneal liposarcoma: asymmetry in volume and extension of retroperitoneal fat

- Morphology: Density/attenuation, patterns of mineralization (e.g., phleboliths, ossification,
osteoblastic, chondroid, dystrophic,) and its organization (scattered, peripherally or centrally
mature), degree and pattern of vascularity/ contrast enhancement, necrosis.

- Margin, diffuse surrounding alterations such as stranding and inflammation, free fluid, free air,

subsequent alterations of thoracic/abdominal organs (obstruction of ducts, small bowel, ...)

Comments:

The report should contain the description of (1) Size/ extension of the lesion: Its location, longest
diameter, bone (cortical and bone marrow) involvement (destruction/infiltration, pressure
arrosion/remodelling, sclerosis,...) [158] (2) Morphology: Density/ attenuation, patterns of mineralization
(e.g., phleboliths, ossification, osteoblastic, chondroid, dystrophic,) [108] and its organization (scattered,
peripherally or centrally mature) [108], the degree and pattern of vascularity/ contrast enhancement,
necrosis. The report should also comment on the margin, diffuse surrounding alterations such as
stranding and inflammation, free fluid, free air, subsequent alterations of thoracic/abdominal organs
(obstruction of ducts, small bowel, ...) [23, 108, 158]. Retroperitoneal liposarcoma may be
underdiagnosed due to the difficulty in differentiating from surrounding fat. Subtle difference of fat

volume and asymmetry should be looked for, to diagnose these cases [159]

1.4.5. PET/CT reports

CT features + SUV, also satellite lesions and lymph nodes should be described [160, 161].

Section 2. The role of tumor centers and guidelines

2.1. Criteria for referral to or contacting a sarcoma treatment center

- Criteria for referral to a sarcoma treatment center include: Any patient with a tumor = 5-cm, or with
indeterminate or suspicious US findings, or with clinical suspicion of malignancy.

- Any patient with indeterminate MRI findings or those suspicious for malignancy.

- Teleradiologic second opinion workup by a tumor center is appropriate in patients with
indeterminate or suspicious MRI findings. It should be offered to the local hospitals in all patients in

whom soft tissue sarcoma is suspected.
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Comments:

Patients with indeterminate soft tissue tumors or suspicion of sarcoma should be referred to a sarcoma
treatment center for a primary or a secondary opinion, to avoid delay in diagnosis or unplanned surgery
(“whoops procedure”) [162-165], both of which can result in a potentially worse prognosis [166-169].
Clinical suspicion of sarcoma should be raised in patients with a painless lump or a lump that increases
in size or other alarm symptoms, such as deep, large, rapidly growing. Those patients should be
referred urgently to a sarcoma unit [170, 171].

Any patient with a = 5-cm superficial tumor or with a deep-seated tumor regardless of size should be
referred to a sarcoma unit [163, 172].

In superficial lesions less than 5 cm in maximal diameter, suspicion of sarcoma should be raised at least
if there is fascial edema, skin thickening, skin contact, fast peripheral enhancement, hemorrhage, or
necrosis [173]. Of note, in the latest, 8", edition of the Cancer Staging Manual of the American Joint
Committee on Cancer (AJCC), the tumor depths (in relation to the superficial fascia) has been erased

as a criterion for the T-staging of soft tissue sarcomas [148].

A second opinion MRI report from an expert center increases the overall accuracy in the diagnosis of
soft tissue tumors, with fewer false-negative and false-positive diagnoses [163, 174-176].

Problem in attendance of specialists due to geographical location is an important barrier to effective
functioning of multidisciplinary teams (MDTSs) [177]. Switch to virtual MDTs in sarcoma care following
the unprecedented COVID-19 pandemic proved to be a viable and effective alternative to conventional
face-to-face MDTs [178].

Some patients need referral to a tumor center due to the complexity of management even in non-

malignant lesions.

2.2. Examinations that should be performed in a tumor reference center

- The accuracy in tumor characterisation may be higher if the MRI is performed and evaluated in a
dedicated tumor centre. Where this is not feasible, the MRI scan should be performed as per the
technical recommendations of the local tumor center.

- Patients with suspicion of sarcoma should be referred to the tumor reference center before biopsy

or surgery (minimal requirement).

Comments:

In patients with suspicion of sarcoma, the accuracy in soft tissue tumor characterization was found to be
higher in a study that performed and evaluated MRI in a dedicated tumor center, than the overall
accuracy that had been described in the literature [97, 176].

Biopsy of suspected appendicular soft tissue sarcoma should be performed by a tumor radiologist-

specialist, using image guidance, to minimize adverse outcomes, and with minimal delay [179].
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In case of unplanned surgery of sarcoma, the patients should immediately be referred to a sarcoma

center for further evaluation and treatment, in order to avoid a potentially worse prognosis [166].

2.3. Role of guidelines

- The guidelines are intended to provide international standards; by publication, and through further
promotion by national specialized radiologists, the guidelines will ensure standardisation of high-
quality soft tissue tumor diagnostic imaging.

- Radiologists should follow the local tumor center guidelines.

Comments:

Local radiologists should implement guidelines for early imaging by ultrasound and MRI with a
designated pathway. Adherence to those guidelines should on the one hand help prioritize onward
referral for suspicious lesions [31], and on the other hand help reduce the volume of benign lesions
referred [31, 180].

2.4. Interdisciplinary tumor team

- Soft tissue tumor board: A multidisciplinary soft tissue sarcoma team should at least include an
(orthopedic) tumor surgeon, a musculoskeletal radiologist, a musculoskeletal pathologist, a medical
oncologist, and a radiotherapist. Where necessary, other specialists should be invited.

- Aninstant discussion between orthopedic tumor surgeon and a musculoskeletal radiologist
improves service efficiency and reduces the time to definitive diagnosis.

- Patients with suspected soft tissue sarcoma should ideally be reviewed by the sarcoma team and

biopsied, within 2 weeks maximum (ideally 1 week).

Comments:

Soft tissue sarcomas should be managed by a multidisciplinary sarcoma team that includes an
(orthopedic) tumor surgeon, musculoskeletal radiologist (including nuclear medicine), and
musculoskeletal pathologist [181].

A radiotherapist and an oncologist should also attend, as adjuvant RT can reduce the risk of local
recurrence [182], and neo-adjuvant chemotherapy may be preferred in some cases. [183]

Further members of the team would for instance include other specialized surgeons, specialist sarcoma
nurses or physiotherapists.

At the start of the pathway, an instant meeting between the orthopedic tumor surgeon and a
musculoskeletal radiologist (ideally at the same or next day, after the first presentation of the patient, to
discuss which additional measures should be taken before the board meeting), improves service
efficiency and reduces the time to definitive diagnosis (TTDD) [184].

Early accurate diagnosis and appropriate treatment are crucial for optimum outcome [185].
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Patients with suspected soft tissue sarcoma should ideally be reviewed by the sarcoma team and
biopsied, if necessary, within 2 weeks maximum [186, 187].

Suboptimal pre-referral investigations and organization at a local hospital can increase the diagnostic
interval by at least 1 month for 50% of the patients. If investigations are to be performed before referral
to a sarcoma center, they should be part of the fast track pathway in order to ensure timely diagnosis
[169].

2.5. Interdisciplinary documentation

- Preferably, all patients should be included in a soft tissue tumor database.

- Standardized clinical record forms (CRF) should be used.

Comments:
National soft tissue tumor databases have been introduced in various European countries already (among
them:[188-196]).

Internationally accepted forms for histology reporting have been introduced [197].
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Figure S1. Standardized Checklist MR Report:

Lesion location and extension

Region within the body: O rignt O et

D upper extremity, (shoulder, upper arm, elbow, forearm, wrist, hand).........cccoceevvvvrvvrveeennnen.

D lower extremity (hip, thigh, knee, lower leg, ankle, foot,...) ..o

D trunk general: superficial (thoracic and abdominal wall, axilla, inguinal, para-vertebral) or deep:

intrathoracic (mediastinal/cardiac, pleural), PeIVIC ....ccoeveveevereciercecerire et

D FEEFOPEITEONEAN. .. ettt e et e e et ettt ebe stesteseeseessesbesbes et aneaaeaseseestesenn

D NEAT/NIECK .ottt e ee e eae st et se e eeseeeeseeseeseeaeneaeaen s eeesenes et seeaeenenenerearesneeenennaenennes

D VISCEIAL ittt ettt ettt ettt st et s et s se et ee st ses s s e aese s es e et et seseatsene st et et ene st e n et eneseen
Relation to fascia (SUPErfiCial, EEP) ..cueuiicireiceeece ettt st e r st sreste e srena s

Exact anatomical location, and intra-/extra-compartmental with compartments where applicable ..

Relationship to adjacent tissues: muscles (inter-/intramuscular), growth along fascia/tail sign, infiltration of

vessels/nerves, joints, aNd/Or DONE .......ccovevieiceeeectee ettt rens

Size in three dimensions (longest lesion diameter, definition of the perpendicular cross section, with measurement
of the two largest perpendicular diameters in that plane).........ccccccevevereennen.

Lesion morphology:
Matrix: Solid portion or purely cystic, matrix signal intensity (+ presence of fat, + of T2w hypointensity), homogeneity

(esp. heterogeneity of >50% of the tumor volume on fluid-sensitive fat suppressed images), diffusion restriction
(if available, With ADC) .......cccceceiniriereeece e

Vascularity and enhancement (if available with enhancement pattern), in inhomogeneous tumors closer description
of enhancement distribution, presence of necrotic or hemorrhagic areas,

Calcification (evaluation together with radiograph or CT; pattern, if possible........ccccovvveeeeeeeveieceenee.
Shape, lobularity, borders (with signal intensity (e.g., low T1, T2 signal intensity pseudocapsule) and/or contrast

enhancement of the rim), zone of transitioN.......c.ccoeeeeeecieericeicece s
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