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Imaging evaluation of soft tissue masses is essential for diagnosis, preoperative staging,
and post-treatment follow-up. Magnetic resonance imaging plays the major role because of
its superior resolution that helps in better tissue characterization, and its multiplanar imag-
ing capability in evaluation of soft tissue masses. Additional imaging techniques, such as
radiographs, computed tomography, positron-emission tomography-CT, radionuclide scin-
tigraphy and ultrasonography, also play vital roles by providing additional information
required in management of soft tissue masses. Knowledge of the usefulness and limitations
of these imaging techniques is essential for their judicious selection. This article reviews
the current role of various imaging techniques in diagnosis, presurgical planning, and post-

treatment follow-up of soft tissue masses.
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Introduction

S oft tissue sarcomas comprise of more than 50 different
pathologic subtypes of malignant mesodermal tumors,
the majority of which are mesenchymal in origin. Neuroecto-
dermal and some other unknown-cell derivative sarcomas,
such as Ewing sarcoma and synovial sarcoma, also occur.'
These tumors can arise anywhere in the body, but are most
often seen in the soft tissues of the lower extremities. The
majority of soft tissue masses are benign, superficial, and
<3 cm in diameter. Malignant soft tissue sarcomas are
uncommon, and are mostly seen in patients over 50 years of
age. The most common soft tissue sarcomas of children are
rhabdomyosarcomas, in young adults synovial sarcomas,
and in older patients undifferentiated pleomorphic sarcomas.
Liposarcoma is the most common sarcoma that occurs in the
retroperitoneum. Soft tissue sarcomas tend to be 2-3 times
more malignant than primary bone sarcomas, and often
metastasize to lungs.” The exact predisposing cause in most
soft tissue sarcoma is unknown, although secondary soft tis-
sue sarcomas can develop in previously irradiated sites usu-
ally 3-15 years following radiation treatment for tumors such
as lymphoma, cervical cancer, breast cancer, and testicular
cancer. Rarely, angiosarcoma following breast cancer treat-
ment (Stewart-Treves syndrome) may be seen. Virus-related

Department of Musculoskeletal Imaging, The University of Texas MD
Anderson Cancer Center, Houston, TX.

Address reprint requests to Rajendra Kumar, MD, FACR, Department of
Musculoskeletal Imaging, The University of Texas MD Anderson Cancer
Center, Unit 1475, 1515 Holcombe Blvd, Houston, TX 77030 E-mail:
Rajkumar@mdanderson.org

194 hitps://doi.org/10.1053/j.5ult.2020.08.021
0887-2171/© 2020 Elsevier Inc. All rights reserved.

Kaposi sarcoma may occur in AIDS patients. A higher inci-
dence of soft tissue sarcomas is seen with some genetic disor-
ders, such as neurofibromatosis, and Li-Fraumeni syndrome.
Emergence of new imaging modalities in the past few dec-
ades and further refinements of many of these imaging proce-
dures have tremendously improved our ability to assess and
treat patients with soft tissue sarcomas. These imaging tech-
niques help us not only in preoperative staging of soft tissue
tumors, but also in presurgical planning and post-treatment
surveillance. Information regarding a soft tissue mass, such
as its exact site in body, specific location in specific soft tis-
sue(s), size, margin, matrix mineralization, vascularity, rela-
tionship with adjoining structures, and metabolic activity,
can help the oncologic team to plan proper treatment and
management of patients with soft tissue sarcomas. The ability
of magnetic resonance imaging (MRI) for tissue characteriza-
tion of soft tissue tumor even prior to biopsy assists the
pathologist in difficult situations. Radiographs, computed
tomography, ultrasonography, radionuclide bone scintigra-
phy, MRI, and F18 FDG PET-CT, each has specific, limited
and, at times, overlapping roles in the localization, diagnosis,
presurgical staging and post-treatment of soft tissue masses.

Radiography

Although radiographs have a limited role in evaluation of a
soft tissue mass, they can be helpful in the initial work-up as
they can provide important information about adjoining
bone. Even when a soft tissue mass is not visible, a periosteal
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Figure 1 Undifferentiated pleomorphic soft tissue sarcoma with bone erosion in right forearm of a 57-year-old man. AP
(A) and lateral (B) radiographs of the right forearm with superficial cortical erosion at mid radial shaft (arrows). The
soft tissue mass is isointense to muscle on axial T1-WI (C), heterogeneously hyperintense on axial fat-suppressed (FS)
T2-WI (D) and demonstrates heterogeneous enhancement with central necrosis (arrowhead) on axial postcontrast FS
T1-WI (E).

Figure 2 Hemangioma in the left forearm of a 38-year-old woman. AP (A) and lateral (B) radiographs show numerous
calcified phleboliths scattered in the soft tissues (arrows). The infiltrating soft tissue mass containing high signal inten-
sity fat is heterogeneously hyperintense on axial T1-WI (C), heterogeneously hyperintense on axial FS T2-WI (D), and
shows mild heterogeneous enhancement with several small tubular and serpiginous structures, representing blood ves-
sels on axial FS T1-WI following intravenous gadolinium contrast administration (E, arrowhead).

Figure 3 Well-differentiated liposarcoma (atypical lipomatous tumor) in right thigh of a 76-year-old man. Axial T1-WI
(A) shows a well-circumscribed, large lobulated lipomatous soft tissue mass with predominately high T1 signal
(arrows). Axial FS T2-WI (B) shows diffuse heterogeneous hypointense MR signal indicative of suppressing fat and
confirming the presence of a lipomatous tumor. Axial (C) and coronal (D) postcontrast FS T1-WI show mild heteroge-
neous enhancement.

reaction and/or bone erosion can suggest its presence (Fig. 4). Thus, radiographs should be an essential part of the
(Fig. 1). A calcified soft tissue mass can be easily detected on initial work-up of a patient with a soft tissue mass.”

radiographs, and specific types of soft tissue calcification,
such as phleboliths in soft tissue hemangioma, can even sug-
gest definitive diagnosis (Fig. 2). Recognition of fat within a
soft tissue mass on radiographs indicates a lipomatous tumor
(Fig. 3). Similarly, a soft tissue mass with calcification near a MRI is the mainstay of evaluation of soft tissue masses in cur-
joint in a young adult often indicates synovial sarcoma rent clinical practice.”® MRI is an exceptional modality

Magnetic Resonance Imaging
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Figure 4 Calcified synovial sarcoma in right upper calf of a 43-year-old woman. AP (A) and lateral (B) radiographs of
the right lower leg show a calcified, large soft tissue mass. Axial T1-WI (C) shows a heterogeneous hypointense soft tis-
sue mass (arrows). Axial FS T2-WI (D) shows that the soft tissue mass is heterogeneously hyperintense. Postcontrast FS
T1-WI (E) shows heterogeneous enhancement of the noncalcified component of tumor (arrowheads).

because of its superior tissue resolution (differentiating differ-
ent tissues such as fat, muscle, ligament, tendon, bone, etc.),
and multiplanar imaging capability. It provides information
such as lesion size, location, and relationship to adjoining
bone and neurovascular structures. In most cases, it can also
determine the main constituent tissue type of a soft tumor,
whether lipomatous, fibrotic, vascular, hemorrhagic or myx-
omatous (Fig. 3). Despite this, MRI has limitations in provid-
ing specific tissue diagnoses, and is generally unable to
differentiate benign from malignant soft tissue masses.””
Thus, it is important that the MR imaging of a soft tissue
mass must be consistently of optimal quality, and should be
obtained for specific information regarding localization,

characterization and staging prior to treatment. MRI is highly
sensitive, but nonspecific in detection of bone marrow
lesions. Contrast-enhanced MRI following intravenous injec-
tion of gadolinium is routinely used in preoperative evalua-
tion, but also postoperatively for surveillance for tumor
recurrence (Figs. 5-7).”'"""” Diffusion-weighted MR imaging
(DWD) of soft tissue masses can help to provide better tumor
border delineation and to distinguish tumor margin infiltra-
tion from extensive peritumoral edema.'? It can characterize
tumors for the presence of restricted diffusion (intact cell
membranes as can be seen with viable tumor that is refrac-
tory to therapy). It can determine whether a soft tissue mass
is predominantly cystic or solid.'* Gadolinium (Gd)-

Figure § A 48-year-old woman with a myxoid liposarcoma of the distal right thigh. The soft tissue mass in the anterior
thigh is isointense to the muscle on T1-WI (A, arrows), compressing and displacing the vastus lateralis muscle. The
well-circumscribed mass is heterogeneously hyperintense on axial FS T2-WI (B). Postcontrast axial FS T1-WI (C)
shows heterogeneous enhancement with foci of central necrosis (arrowheads).

Figure 8 Myxoid liposarcoma in the left thigh of a 35-year-old woman. Pretreatment MRI shows an indistinct soft tissue
mass in the posterior compartment of the left thigh with signal intensity that is isointense to the adjacent normal mus-
cle on axial FS T1-WI (A, arrows). The lesion is heterogeneously hyperintense on axial FS T2-WI (B). Postcontrast axial
FS TW1-WI (C) shows heterogeneous tumor enhancement. Follow-up MRI after treatment with 6 cycles of chemo-
therapy (D) shows complete resolution of the soft tissue tumor on axial postcontrast FS T1-WIL.
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Figure 7 Recurrent subcutaneous undifferentiated pleomorphic sarcoma in the upper right lateral thigh in a 42-year-old
man. The tumor was surgically resected in October 2015. Postoperative axial T1-WI (A) shows hypointense scar at the
resection site (arrow). Axial FS T2-WI (B) shows heterogeneous hyperintense granulation tissue in surgical bed
(arrow), surrounding the homogeneously high signal of the postoperative fluid collection (arrowhead). Axial postcon-
trast FS T1-WI (C) shows peripheral enhancement around the small postoperative fluid collection (arrow). Follow-up
MRI of the right thigh in May 2016 now shows a small soft tissue nodule in the surgical bed. The nodule is isointense
on axial T1-WI (D), hyperintense on axial FS T2-WI (E) and shows homogenous enhancement on axial postcontrast

FS T1-WI (F, large arrows), consistent with tumor recurrence.

enhanced MRI is routinely used for postoperative evaluation
for residual or recurrent soft tissue tumor in the presence of
metallic hardware as it has fewer susceptibility artifacts as
compared with CT. MR spectroscopy can be useful in assess-
ment of chemotherapy response of unresectable or recurrent
soft tissue tumors.'” However, MRI is poor for detection of
calcification and air in a soft tissue mass, whereas radiogra-
phy and CT imaging can depict them easily.” An important
advantage of MRI is that it involves no ionizing radiation.

Technique

Most soft tissue masses are evaluated with conventional T1-
weighted imaging (W1), fat-suppressed (FS) T2-WI and post-
contrast FS T1-W fast-spin-echo images in axial and coronal
planes.”® Additional images in sagittal and oblique planes
can be obtained, when required. Gradient recall echo imag-
ing can aid lesion characterization by detecting hemosiderin,
which produces conspicuous magnetic susceptibility effect
within applicable soft tissue masses, such as pigmented villo-
nodular synovitis.” Short tau inversion recovery (STIR) imag-
ing can potentially depict hyperintense lesions with high
conspicuity against a homogenous, dark, suppressed-fat
background. STIR imaging can produce more robust fat sup-
pression than conventional fast-spin echo sequences in the
presence of artifacts and can be used routinely for the evalua-
tion off-centered lesions, such as in the upper arms. It is also
an excellent technique for assessment of bone marrow

lesions, and also when evaluating soft tissue lesions in pres-
ence of orthopedic hardware.

Routine use of intravenous Gd for contrast-enhanced
imaging of soft tissue masses, despite being controversial, is
ubiquitous and often advantageous.™'”"'” Gd-enhanced
MRI can differentiate solid soft tissue masses, such as myx-
oma, that simulate cysts due to homogeneous high T2
signal, from simple cysts by demonstrating central enhance-
ment in solid tumors and only rim enhancement in cysts. It
also highlights the location of viable tumor tissue by distin-
guishing it from unenhanced necrotic tissue, thereby facili-
tating biopsy of the viable regions. The change in
enhancement on follow-up scans is useful for the assess-
ment of tumor response to treatment (Fig. 6). However, the
use of Gd adds extra cost and increased imaging time.
Occasionally, mild anaphylactic adverse reactions, such as
hives and bronchospasm, with the use of Gd may be seen,
but rare serious adverse reactions, such as systemic nephro-
genic fibrosis, also can occur and even a few deaths have
been reported. Newer Gd-contrast agents with fewer adverse
reactions, such as agents with macrocyclic rather than linear
ligands, should be preferred, especially in patients with
reduced renal function.'®

Field of view should be large enough to include the entire
tumor as well as the entire area for tumor staging purposes,
including regional lymph nodes. A skin marker, usually a
vitamin E capsule, is routinely placed gently on the skin to
indicate area of interest.
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MR angiography can be performed to evaluate vascular
soft tissue tumors and arteriovenous malformation in soft tis-
sues. Magnetic resonance angiography can be used without
and with intravenous contrast administration in the multipla-
nar assessment of vascular anatomy and vascular perfusion of
a soft tissue tumor.'” Proton spectrum spectroscopy, DWI,
and other MR imaging techniques can be used for both quali-
tative and quantitative assessments. '

MRI Characteristics of Soft Tissues

The majority of soft tissue tumors display nonspecific hypoin-
tense T1 and hyperintense T2 signal (relative to muscle) with
variable enhancement on postcontrast fat-suppressed T1-W
MR images (Figs. 1 and 5). In addition, in most cases, MRI
cannot distinguish benign from malignant soft tissue tumors.””
% MRI is unable to provide a specific tissue diagnosis, with the
exception of lipomatous, fibrous, or vascular soft tissue
masses, thus necessitating biopsy of the tumor for definitive
diagnosis. In general, a superficial small soft tissue mass is
likely to be benign as only 5% of benign soft tissue masses
tend to be larger than 5 cm in diameter. Larger deep-seated
tumors with increased vascularity and heterogeneous enhance-
ment are usually malignant. Actively growing large soft tissue
tumors without treatment often outpace their blood supply,
and show intratumoral necrotic areas of nonenhancement.
However, the size and location of a soft tumor cannot predict
its behavior. Similarly, vascularity and intensity of enhance-
ment of a soft tissue tumor are poor criteria for distinguishing
benign from malignant soft tissue masses.”” In clinical prac-
tice, a heterogeneously enhancing soft tissue tumor, which is
>33 mm in diameter with heterogeneous hyperintense signal
on T2W or STIR MR images and involvement of adjoining
bone and entrapment of adjacent neurovascular bundle has
the highest probability of being malignant.”

Computed Tomography (CT)

CT is the best imaging modality to study cortical bone and
. . . 3,19-22 .

mineralized soft tissue masses.” CT can easily demon-

strate cortical bone erosion, periosteal reaction, tumor

matrix, and cortical breakthrough caused by an adjacent soft
tissue mass. CT imaging is ideal for assessment in complex
bones in pelvis, face, and spine, which can be facilitated by
3-dimensional reconstructions, and even cine CT images,
thus assisting surgeons with preoperative planning. With
newer metal reduction imaging techniques, X-ray beam hard-
ening artifact from orthopedic hardware can be minimized
for postsurgical follow-up. Contrast-enhanced CT is an alter-
native imaging procedure in situations where MRI cannot be
performed. Lately, dual-energy CT has been used to distin-
guish gouty tophus from other calcified soft tissue mass.”’
However, CT exposes the patient to ionizing radiation, and
has poor soft tissue contrast in comparison with MRL*’

Positron-Emission Tomography
(PET)

PET imaging is based on glucose metabolism, and thus, it
determines the metabolic activity of a soft tissue tumor.””*" In
PET imaging, 2-fluoro-2-deoxy-D-glucose (FDG), a glucose
analog, is tagged with radioactive F-18, and is administered
intravenously in the body. The FDG has same initial metabolic
pathway as glucose, but unlike glucose, it accumulates within
tissue cells without undergoing the normal rate of breakdown.
A PET scanner detects the 2 gamma photon beams emitted by
radioactive F18 in the cells, and generates images of the entire
body. Thus, a hypermetabolic soft tissue tumor with higher
radiotracer uptake can be detected on PET imaging (Fig. 8).
PET is routinely combined with CT for more precise anatomi-
cal correlation with the FDG-avid lesions than can be achieved
with PET imaging alone. PET-CT, and more recently, PET-
MRI have proved useful in the assessment of tumor response
to treatment, and for detection of tumor recurrence.””

Bone Scintigraphy

Bone scintigraphy using Tc99m MDP is a highly sensitive,
but nonspecific imaging technique that is routinely used for
staging to detect distant bone metastases.

Figure 8 Extra-skeletal Ewing sarcoma in left distal thigh of a 31-year-old woman with recurrence following resection of
the primary tumor. Axial T1-WI (A) shows a minimally hyperintense, large soft tissue mass in vastus medialis muscle
(arrow), which is diffusely hyperintense on FS T2-WI (B) and enhances heterogeneously on postcontrast FS TIWI (C)
in December 2011. The tumor was surgically resected. She was followed up with serial MRI. The scan performed in
December 2014 revealed a heterogeneously enhancing, small soft tissue nodule in the surgical bed on axial FS T1-WI
(D, black arrow). On the axial fused PET-CT image, the small soft tissue nodule is intensely 18F FDG avid (E, white
arrow). The nodule was excised and was confirmed as recurrent tumor on histopathology.
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Figure 9 Flow chart for work-up of patients with soft tissue sarcomas.
Ultrasonography References
1. Kransdorf MJ: Malignant soft-tissue tumors in a large referral popula-

Ultrasonography is useful in evaluation of superficial small
soft tissue masses, and is used routinely for needle guidance
for biopsy of soft tissue lesions.” This economical imaging
technique is ideal for distinguishing solid from cystic soft tis-
sue lesions. Doppler ultrasound can be used in the diagnosis
of vascular tumors. Dynamic Doppler study of intratumoral
blood flow alterations may be helpful for distinguishing
benign from malignant soft tissue masses.””

Chest Radiographs and Chest CT

Because sarcomas commonly metastasize to the lungs, chest
radiographs and chest CT are routinely performed in the
work-up of patients with soft tissue sarcomas for initial stag-
ing and during follow-up after treatment.

The flow chart (Fig. 9) provides a general outline of the
work-up of patients with soft tissue masses.

Conclusion

Imaging of soft tissue masses has been greatly enhanced
with the advent of MRI, which is not only useful for pre-
operative staging, but also in surveillance following treat-
ment to assess tumor recurrence. Other imaging
techniques, such as radiographs, CT, PET-CT, radionu-
clide scintigraphy, and ultrasound are more often comple-
mentary to MRI, providing further information required
for the initial work-up for staging, and in post-treatment
surveillance. Understanding of the roles and limitations of
these imaging modalities is essential for the cost effective
maximization for diagnosis and management of patients
with soft tissue sarcoma.
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