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Soft-Tissue Sarcomas of the 
Abdomen and Pelvis: Radiologic-
Pathologic Features, Part 1—
Common Sarcomas1

Soft-tissue sarcomas are a diverse group of rare mesenchymal ma-
lignancies that can arise at any location in the body and affect all 
age groups. These sarcomas are most common in the extremities, 
trunk wall, retroperitoneum, and head and neck. In the adult popu-
lation, soft-tissue sarcomas arising in the abdomen and pelvis are 
often large masses at the time of diagnosis because they are usually 
clinically silent or cause vague or mild symptoms until they invade 
or compress vital organs. In contrast, soft-tissue sarcomas arising 
from the abdominal wall come to clinical attention earlier in the 
course of disease because they cause a palpable mass, abdominal 
wall deformity, or pain that is more clinically apparent. The imag-
ing features of abdominal and pelvic sarcomas and abdominal 
wall sarcomas can be nonspecific and overlap with more common 
pathologic conditions, making diagnosis difficult or, in some cases, 
delaying diagnosis. Liposarcoma (well-differentiated and dediffer-
entiated liposarcomas), leiomyosarcoma, and gastrointestinal stro-
mal tumor (GIST) are the most common intra-abdominal primary 
sarcomas. Any soft-tissue sarcoma can arise in the abdominal wall. 
Knowledge of the classification and pathologic features of soft-
tissue sarcomas, the anatomic locations where they occur, and their 
cross-sectional imaging features helps the radiologist establish the 
diagnosis or differential diagnosis so that patients with soft-tissue 
sarcomas can receive optimal treatment and management. In part 1 
of this article, the most common soft-tissue sarcomas (liposarcoma, 
leiomyosarcoma, and GIST) are reviewed, with a discussion on 
anatomic locations, classification, clinical considerations, and differ-
ential diagnosis. Part 2 will focus on the remainder of the soft-tissue 
sarcomas occurring in the abdomen and pelvis.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Discuss the classification of soft-tissue 
sarcomas.

■■ Describe and illustrate the radiologic 
and pathologic features of liposarcoma, 
leiomyosarcoma, and GIST, which are 
the most common soft-tissue sarcomas of 
the abdomen and pelvis.

■■ Identify the imaging findings that are 
most important for preoperative charac-
terization and anatomic localization of 
soft-tissue sarcomas in the abdomen and 
pelvis.

See www.rsna.org/education/search/RG.

SA-CME Learning Objectives

Introduction
Sarcomas are a large, diverse group of malignant tumors of mesenchy-
mal origin. The World Health Organization (WHO) divides sarcomas 
into two broad categories: sarcomas of soft tissue and sarcomas of 
bone (1). Soft-tissue sarcomas affect all ages and may arise at any loca-
tion in the body. They account for less than 1% of malignant tumors. 
The estimated number of new soft-tissue sarcomas in the United 
States in 2016 is 12 310 cases, and the number of estimated deaths is 
4990 (2). Approximately 60% of soft-tissue sarcomas originate in an 
extremity (most commonly, the thigh), 19% in the trunk wall, 15% in 
the retroperitoneum, and 9% in the head and neck (3).

Liposarcoma (specifically, well-differentiated and dedifferentiated 
liposarcomas) and leiomyosarcoma are the most common intra-ab-
dominal soft-tissue sarcomas, and the retroperitoneum is their most 
common location. Gastrointestinal stromal tumor (GIST) is the 
most common gastrointestinal and intraperitoneal sarcoma. GIST is 
included in this discussion because of its inclusion in the 2013 WHO 
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classification of soft-tissue sarcomas; this inclu-
sion was one of the most important changes in 
the updated WHO classification (Table 1) (1,4). 
GIST is also an important tumor for radiologists 
to recognize and differentiate from other intra-
abdominal and gastrointestinal malignancies 
because of its unique clinical management.

The presenting clinical manifestations and 
often the imaging findings of soft-tissue sarcomas 
are nonspecific. The typical scenario is the discov-
ery of a large abdominal or pelvic mass in a patient 
who is imaged for abdominal fullness or pain. 
The differential diagnosis will depend primarily 
on the anatomic location. Soft-tissue sarcomas 
arising in the abdomen and pelvis may occur in 
all anatomic compartments, the retroperitoneum, 
peritoneal cavity, and abdominal wall. However, 
knowledge of the imaging and pathologic features 
of soft-tissue sarcomas is important in the dif-
ferential diagnosis. Because soft-tissue sarcomas 
are rare and can be difficult to treat and manage, 
an accurate initial diagnosis is essential for these 
patients. In this article, the clinical-pathologic and 
radiologic features of the most common abdomi-
nal and pelvic sarcomas in adults are reviewed. An 
emphasis is placed on establishing an appropriate 
differential diagnosis on the basis of the anatomic 
location and radiologic features. Sarcomas arising 
in solid visceral organs, such as the liver, spleen, 
and uterus, are not discussed in this article.

Anatomic Considerations
The retroperitoneum and trunk wall are the most 
common locations for soft-tissue sarcomas of the 
abdomen and pelvis. Less commonly, soft-tissue 
sarcomas originate in the peritoneal cavity and 
extraperitoneal pelvis. A thorough understanding 
of the anatomy of the retroperitoneum, peritoneal 

Teaching Points
■■ Liposarcoma (specifically, well-differentiated and dedifferenti-

ated liposarcomas) and leiomyosarcoma are the most com-
mon intra-abdominal soft-tissue sarcomas, and the retroperi-
toneum is their most common location.

■■ Well-differentiated retroperitoneal liposarcoma may contain 
thin or irregular septa, minor nodular soft-tissue components, 
and thin blood vessels.

■■ Leiomyosarcomas arising from the IVC and major veins of the 
retroperitoneum and pelvis may manifest as an intraluminal 
mass, an extraluminal mass, or both.

■■ Malignant GISTs are the most common intraperitoneal sar-
comas, and these tumors also occur in the retroperitoneum, 
given the retroperitoneal location of parts of the gastrointes-
tinal tract.

■■ The key to the imaging diagnosis of a GIST is establishing its 
origin from the wall of the stomach or intestine, although rare 
cases can appear to be extragastrointestinal.

Table 1: Classification of Soft-Tissue Sarcomas 
Occurring in the Abdomen and Pelvis on the 
Basis of the 2013 WHO Classification of Tu-
mors of Soft Tissue

Categories of Soft-Tissue Tumors, with the Sar-
comas Classified in Each Category

Adipocytic tumors
  Well-differentiated liposarcoma
  Dedifferentiated liposarcoma
  Pleomorphic liposarcoma
  Myxoid liposarcoma
Fibroblastic/myofibroblastic tumors
  Dermatofibrosarcoma protuberans
  Solitary fibrous tumor
  Fibrosarcoma
  Myxoid fibrosarcoma
So-called fibrohistiocytic tumors
  Malignant tenosynovial giant cell tumor
Smooth muscle tumors
  Leiomyosarcoma
Pericytic (perivascular) tumors
  Malignant glomus tumor
Skeletal muscle tumors
  Embryonal rhabdomyosarcoma
  Alveolar rhabdomyosarcoma
  Pleomorphic rhabdomyosarcoma
  Spindle cell/sclerosing rhabdomyosarcoma
Vascular tumors of soft tissue
  Epithelioid hemangioendothelioma
  Angiosarcoma
Chondro-osseous tumors
  Extraskeletal osteosarcoma
GISTs
  Malignant GISTs
Nerve sheath tumors
  Malignant peripheral nerve sheath tumor
  Ectomesenchymoma
Tumors of uncertain differentiation
  Synovial sarcoma
  Epithelioid sarcoma
  Alveolar soft part sarcoma
  Clear cell sarcoma of soft tissue
  Extraskeletal myxoid chondrosarcoma
  Extraskeletal Ewing sarcoma
  Desmoplastic small round cell tumor
  Extrarenal rhabdoid tumor
  Perivascular epithelioid cell tumor (PEComa)
Undifferentiated/unclassified sarcomas
  Undifferentiated pleomorphic sarcoma (previ- 

  ously called malignant fibrous histiocytoma)
  Undifferentiated spindle cell sarcoma
  Undifferentiated round cell sarcoma
  Undifferentiated epithelioid sarcoma
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by the transversalis fascia. The quadratus lumbo-
rum and psoas muscles form the medial border. 
Laterally, the posterior pararenal space commu-
nicates with the properitoneal fat (7).

Within the abdomen and pelvis, the peritoneal 
cavity is anteriorly located and contained by its 
serosal membrane, the peritoneum (Fig 2b). The 
peritoneum is divided into parietal and visceral 
components. The parietal peritoneum lines the 
anterior, lateral, and posterior abdominal walls; 
the undersurface of the diaphragm; the anterior 
surface of the retroperitoneal viscera; and the pel-
vis. The visceral peritoneum covers the intraperi-
toneal organs, omenta, and mesenteries.

The extraperitoneal pelvis is that portion of 
the pelvis that is separated from the peritoneal 
cavity by parietal peritoneum, which covers the 
pelvic organs (Fig 2b). Although the extraperito-
neal pelvis is distinctly separate from the perito-
neal cavity, aggressive sarcomas frequently cross 
this anatomic plane.

The abdominal wall is formed from superficial 
to deep by the skin, subcutaneous fat, fascia, and 
muscles. The muscular layer of the abdominal wall 
is separated from the peritoneum by the trans-
versalis fascia and properitoneal fat. Laterally, the 
muscles of the abdominal wall, from outer to in-
ner, are the external oblique, internal oblique, and 
transversus abdominis (Fig 1). The anterior exten-
sion of the aponeurosis of these muscles forms 

cavity, extraperitoneal pelvis, and abdominal wall 
is necessary to establish a working differential 
diagnosis and to assist in preoperative planning.

The retroperitoneum is located posterior to 
the peritoneal cavity, extending from the dia-
phragm superiorly to the pelvic brim inferiorly. 
The posterior parietal peritoneum is the anterior 
boundary, and the transversalis fascia is the pos-
terior boundary. The fascial planes within the ret-
roperitoneum form three distinct compartments: 
the anterior pararenal space, perirenal space, and 
posterior pararenal space (Fig 1). When a mass 
is discovered in the retroperitoneum, soft-tissue 
sarcoma should be considered at the top of the 
differential diagnosis when the mass cannot be 
shown to originate from a visceral organ con-
tained within the retroperitoneum.

In the retroperitoneum, the anterior pararenal 
space is bounded anteriorly by the posterior pa-
rietal peritoneum and posteriorly by the Gerota 
fascia and is contiguous across the midline. The 
pancreas, duodenum, and ascending and de-
scending colon are located within the anterior 
pararenal space (Fig 1).

The perirenal space contains the adrenal 
glands and kidneys. Anteriorly, the perirenal 
space is bounded by the Gerota fascia and poste-
riorly by the Zuckerkandl fascia (5,6). The lateral 
boundaries of the anterior pararenal and perire-
nal spaces are formed by the fusion of the Gerota 
and Zuckerkandl fasciae, which is called the 
lateral conal fascia (7). The lateral conal fascia 
extends anterolaterally to merge with the parietal 
peritoneum. At computed tomography (CT), 
these fascial boundaries are thin, barely percep-
tible soft-tissue lines in normal patients. Medi-
ally, the renal fascia fuses onto the great vessels, 
creating a separation between the right and left 
perirenal spaces. However, in some individuals, 
communication between the two perirenal spaces 
has been observed at CT, supporting an argu-
ment that there is midline continuity of the peri-
renal space and anatomic variability from person 
to person (8,9). Superiorly, the perirenal space is 
closed by the fusion of the Gerota and Zucker-
kandl fasciae with each other and the diaphragm 
(Fig 2a). Inferiorly, controversy continues to exist 
about whether there is fusion between the peri-
renal fascial layers, resulting in caudal closure of 
the perirenal space, or if this space remains open 
because of blending of the fascia with adjacent 
adipose tissue (10). Nevertheless, retroperitoneal 
sarcomas may grow longitudinally within the 
retroperitoneum to extend cranially toward the 
diaphragm and caudally into the pelvis.

The posterior pararenal space contains only 
fat. It is bounded anteriorly by the Zuckerkandl 
fascia and the lateral conal fascia and posteriorly 

Figure 1.  Compartments within the retroperitoneum as de-
fined by fascial planes. Drawing of the abdominal compart-
ments in the axial plane shows the peritoneal cavity (blue) 
separated from the retroperitoneum (various shades of green) 
by the posterior parietal peritoneum (straight white arrow). 
The retroperitoneal compartments include the anterior para-
renal space (light green), the perirenal space (medium green) 
bounded by the Gerota fascia (*), and the posterior pararenal 
space (dark green). The fusion of the Gerota and Zuckerkandl 
fasciae forms the lateral conal fascia (curved white arrows), 
which separates the lateral anterior pararenal space from the 
posterior pararenal space. In the anterior abdominal wall, 
the rectus abdominis muscles (R) are in the midline and con-
tained in the rectus sheath. The external oblique (E), internal 
oblique (I), and transverse abdominis (T) muscles form the 
muscular layers of the anterolateral abdominal wall.
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the rectus sheath. Its lateral boundary is the linea 
semilunaris, from which it extends anteriorly to 
contain the rectus abdominis muscles, which are 
the muscles of the anterior abdominal wall. They 
are sandwiched between the anterior and posterior 
laminae of the rectus sheath. These laminae fuse 
in the midline of the anterior abdominal wall to 
form the linea alba. The muscles of the posterior 
abdominal wall are the latissimus dorsi, quadratus 
lumborum, and the paraspinal muscles. Soft-tissue 
sarcomas of the abdominal wall primarily arise 
within the musculature, with the exception of 
dermatofibrosarcoma protuberans, which arises 
superficially in the dermis.

Soft-Tissue Sarcoma  
Classification, Grading, and Staging

The WHO classification is the accepted stan-
dardization of nomenclature and classification for 
soft-tissue sarcomas (Table 1) (1). The names of 
the sarcomas are derived from the cell type they 
resemble histologically and immunohistochemi-
cally. The purpose of classification is to create 
a framework for treatment and management of 
patients with soft-tissue sarcomas that is based 
on tumor biology. However, the biologic behavior 
of the majority of soft-tissue sarcomas cannot be 
predicted by tissue type alone. Tumor grading and 
staging strongly correlate with prognosis. Tumor 
grade is an estimate of the degree of malignancy. 
The grading system set forth by the French Fed-
eration of Cancer Centers is the most widely used 
(11). Histologic tumor grade is determined by a 

scoring system that assesses tumor differentiation, 
mitotic count, and tumor necrosis.

Tumor staging is achieved with a combination 
radiologic, surgical, and histologic grade. The 
American Joint Committee on Cancer (AJCC) 
staging system for soft-tissue sarcoma is the most 
widely used for abdominal and pelvic sarcomas 
(12). The AJCC staging system for sarcomas 
combines the size of the primary tumor (T), the 
involvement of lymph nodes (N), the presence of 
metastasis (M), the type and grade of sarcoma 
(G), and tumor depth. The AJCC staging system 
can be applied to sarcomas at any anatomic site 
and, as such, is useful for sarcomas arising in the 
abdomen and pelvis (13). The other commonly 
used staging system is the Musculoskeletal Tu-
mor Society system, which is based on anatomic 
compartmentalization and is therefore most use-
ful for sarcomas in the extremities (14,15).

Radiologic Evaluation of Abdominal 
and Pelvic Soft-Tissue Sarcomas

Radiologic characterization and staging of ab-
dominal and pelvic soft-tissue sarcomas are best 
achieved with the cross-sectional imaging modali-
ties that provide excellent tissue characterization 
and anatomic visualization. CT is the most widely 
used cross-sectional imaging modality for the ab-
domen and pelvis because of its wide availability, 
ease of use, and capability to image the breadth of 
anatomy (chest, abdomen, and pelvis) simultane-
ously for staging. CT can be used to effectively 
characterize tissue components, which is necessary 

Figure 2.  Fascial planes of the abdomen 
and pelvis. (a) Drawing of the retroperito-
neum (green) in the sagittal plane shows 
the superior boundary formed by fusion of 
the posterior parietal peritoneum, Gerota 
fascia, and Zuckerkandl fascia with the 
undersurface of the diaphragm (arrow). 
(b) Drawing of the abdomen and pelvis 
in the sagittal plane shows the peritoneal 
cavity (blue) distinct from the retroperito-
neal and extraperitoneal spaces.
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to establish a working differential diagnosis, and 
CT offers multiplanar reconstructions to easily 
depict the anatomic site of origin of a mass, as 
well as its relationship to adjacent organs and vas-
culature. Magnetic resonance (MR) imaging is an 
excellent complement to CT for tissue character-
ization because MR imaging has superior con-
trast resolution. MR imaging may help in assess-
ing local invasion for staging, but MR imaging is 
less practical for overall staging because it is more 
difficult to image the entire body with MR imag-
ing, compared with CT. Combined imaging with 
positron emission tomography and CT is useful 
for identifying unsuspected distant metastases 
and for problem solving of indeterminate findings 
seen on CT or MR images during initial stag-
ing and restaging in patients after neoadjuvant 
therapy or resection.

Ultrasonography (US) may be used as an 
initial imaging modality during the evaluation of 
patients with abdominal complaints or palpable 
abdominal wall masses. However, US is less use-
ful for evaluating the entire abdomen and pelvis 
for preoperative planning and surveillance imag-
ing because US has a limited depth of penetra-
tion to evaluate deep abdominal structures such 
as the bowel and their relationship to the mass. 
US is useful for directing imaging-guided biop-
sies. Finally, unlike sarcomas of the extremities, 
abdominal radiography is not useful for intra-
abdominal and abdominal wall sarcomas because 
of inadequate soft-tissue differentiation and an 
inability to locate the abdominal mass and define 
its relationship to abdominal organs. In this re-
view, the CT and MR imaging manifestations of 
soft-tissue sarcomas are discussed.

Most Common Sarcomas  
of the Abdomen and Pelvis

Liposarcoma

Definition.—Liposarcoma is the term for a ma-
lignant tumor that has fatty differentiation. The 
tumors that make up this group (well-differenti-
ated, dedifferentiated, pleomorphic, and myxoid 
liposarcomas) are distinctly different histologically 
and genetically, and they vary in biologic behavior.

Clinical and Pathologic Features.—Liposarcoma is 
the most common sarcoma in adults and the most 
commonly occurring sarcoma in the retroperito-
neum (16). Well-differentiated liposarcoma, which 
is synonymously called atypical lipomatous tumor 
(especially when located outside body cavities), is 
the most common type of liposarcoma in the retro-
peritoneum. This tumor does not metastasize, but it 
may progress into a nonlipomatous form referred to 

as dedifferentiated liposarcoma and then obtain the 
capability to metastasize. Pleomorphic liposarcoma 
is extremely rare in the retroperitoneum. Myxoid 
liposarcoma does not usually occur as a primary 
tumor in the retroperitoneum but can metastasize 
there from a primary tumor in a lower extremity.

Clinical symptoms of abdominal and pelvic 
sarcomas are most often related to tumor size. 
Because most liposarcomas occur in the retroperi-
toneum, they are clinically silent until they grow to 
large sizes. They may be more than 20 cm in larg-
est diameter at the time of diagnosis (17). Pain, 
symptoms of mass effect, organ compression, or 
physical deformity of the abdominal cavity bring 
patients to clinical attention. Occasionally, liposar-
coma may be discovered when a patient is imaged 
with CT or MR imaging for unrelated abdominal 
symptoms or for vague or nonspecific symptoms.

Well-differentiated liposarcoma, or atypical 
lipomatous tumor, is the most common histo-
logic type of liposarcoma, representing more than 
40%–45% of all liposarcomas. It occurs in mid-
dle-aged and older adults, with a peak incidence 
in the 6th decade of life (18). At gross pathologic 
examination, well-differentiated liposarcoma of 
the retroperitoneum is typically a large multi-
nodular tumor. The cut surface varies from fatlike 
pale yellow to white or gray in color, and it can 
have a mucoid appearance. Fibrous septa and 
sclerosing components may be seen throughout 
the mass. Histologically, nuclear atypia in adipo-
cytes or septal cells distinguishes well-differenti-
ated liposarcoma from lipoma. Variation in cell 
size, areas of fat necrosis, and lymphoid infiltra-
tion are also distinguishing features (19).

The WHO defines three distinct histologic pat-
terns in well-differentiated liposarcoma: lipoma-like, 
sclerosing, and inflammatory (1). Each pattern may 
be the predominant histology in a particular tumor 
or may overlap and coexist with the other patterns 
in the same tumor. The lipoma-like pattern 
resembles a benign lipoma, but the adipocytes 
vary in size and demonstrate variable atypia. 
There may also be septal hypercellularity with 
nuclear atypia (20). The lipoma-like pattern may 
be mistaken for a benign lipoma when small bi-
opsy specimens are obtained or when the tumor 
is undersampled. The sclerosing variant most 
commonly occurs in the retroperitoneum and 
paratesticular region. The majority of the lesion 
is characterized by the presence of atypical cells 
in a dense collagenous stroma (21). Myxoid and 
lipogenic areas may also be present. The inflam-
matory variant contains lymphoid aggregates in 
addition to the previously listed features.

Dedifferentiated liposarcoma can be under-
stood as a progression or variant of well-differ-
entiated liposarcoma. This variant is relatively 
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Figure 3.  Well-differentiated liposarcoma in a 67-year-old man who complained of abdominal distention and pain. 
Axial (a) and coronal (b) nonenhanced CT images show a large well-defined, predominantly fat-attenuation mass, with 
thin septa (curved arrow) and small soft-tissue nodules (straight arrows).

uncommon and can occur without a preceding 
well-differentiated liposarcoma or as a component 
of a well-differentiated liposarcoma (22). Dedif-
ferentiated liposarcoma with low-grade features is 
relatively indolent, and high-grade tumors often 
metastasize. In all, distant metastases arise in up 
to 18% of patients (22,23). At gross pathologic 
examination, dedifferentiated liposarcoma is a firm 
white or yellow solid nonlipogenic mass. Histologi-
cally, low-grade dedifferentiated tumors are usu-
ally composed of spindle-shaped cells with nuclear 
atypia, whereas high-grade dedifferentiated lipo-
sarcoma resembles undifferentiated pleomorphic 
sarcoma or myxofibrosarcoma (22). There is often 
a sharp demarcation between the well-differenti-
ated and dedifferentiated components.

Myxoid liposarcoma is the second most 
common liposarcoma (30%–40%). It occurs 
almost exclusively in the extremities in a young 
adult patient population (median age, 44 years) 
(24,25). Myxoid liposarcoma is extremely rare in 
the retroperitoneum and is usually metastatic in 
this location. It is a soft gelatinous tumor at gross 
pathologic examination. Histologically, there are 
ovoid to round cells around prominent capillaries 
in a myxoid stroma. Cells of fatty differentiation 
may be interspersed in the tumor (26). Myxoid 
features in well-differentiated liposarcoma should 
not be confused with myxoid liposarcoma.

Pleomorphic liposarcoma is the rarest type of 
liposarcoma, accounting for less than 5% of cases 
(27). It occurs in older adults (peak incidence in 
the 7th decade), with a male predominance (28). 
The retroperitoneum and trunk wall are uncom-
mon sites because a majority of these tumors 

arise in the extremities. At gross pathologic exam-
ination, pleomorphic liposarcomas are often firm 
yellow tumors. Histologically, they often contain 
abundant pleomorphic lipoblasts, but they can 
also resemble undifferentiated pleomorphic 
sarcoma or can have an epithelioid appearance 
resembling adrenal or renal carcinoma (28).

Radiologic Features.—Well-differentiated lipo-
sarcoma is a well-defined mass demonstrating fat 
attenuation at CT (Fig 3). At MR imaging, the 
signal intensity of the fat in well-differentiated 
liposarcoma resembles the signal intensity of the 
subcutaneous fat (29). Well-differentiated lipo-
sarcoma has high signal intensity on T1- and 
T2-weighted MR images and loses signal inten-
sity on fat-suppressed MR images (Fig 4). Well-
differentiated liposarcoma is generally round, oval, 
or lobulated and exerts mass effect on adjacent 
normal anatomic structures. It may compress, 
displace, and distort adjacent anatomic structures. 
In the retroperitoneum, well-differentiated liposar-
coma frequently grows longitudinally, such that it 
extends the entire cranial-to-caudal length of the 
retroperitoneum while also growing centripetally. 
Similar to an atypical lipomatous tumor in the 
extremity, well-differentiated retroperitoneal lipo-
sarcoma may contain thin or irregular septa, minor 
nodular soft-tissue components, and thin blood 
vessels (Fig 3) (30). The septa may enhance after 
administration of intravenous contrast material, 
but in general, well-differentiated retroperitoneal 
liposarcoma is a poorly vascularized lesion with 
little or no enhancement. Myxoid components of 
well-differentiated liposarcoma demonstrate water 
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Figure 4.  MR imaging features of well-differentiated 
liposarcoma in a 74-year-old woman with worsening 
back pain. (a) Axial T2-weighted MR image shows a 
well-defined high-signal-intensity mass (straight ar-
row) in the left retroperitoneum; the mass has internal 
septa (curved arrow). (b) Axial contrast material–en-
hanced T1-weighted fat-suppressed MR image shows 
that the mass (straight arrow) demonstrates a loss of 
signal intensity, with signal intensity similar to that of 
the subcutaneous fat. The thin septa (curved arrow) are 
enhanced. (c) Sagittal T2-weighted MR image shows 
longitudinal growth of the mass in the retroperitoneum, 
with well-defined margins (arrows) between the mass 
and the retroperitoneal fat superiorly.

entiated components that is observed histologically. 
However, a more blended or gradual transition 
between these components has also been described 
(25,33). In some cases, the fat component predomi-
nates, which is suggestive of dedifferentiation within 
a well-differentiated liposarcoma. Calcification and 
ossification may be present, correlating with meta-
plasia or osteochondromatous or chondrosarcoma-
tous components of the tumor (33,34).

Myxoid liposarcoma contains an abundant 
myxoid matrix with a high water content that 
is hypoattenuating on CT images, hypointense 
on T1-weighted MR images, and hyperintense 
on T2-weighted MR images. It is important to 
demonstrate enhancement of the myxoid matrix 
to distinguish it from a cystic mass. Enhance-
ment may not be appreciated on CT images but 
can be well seen on MR images. Thick enhanc-
ing septa characteristically course through the 
mass, as well as an enhancing patchy or nodular 
soft-tissue component that demonstrates inter-
mediate signal intensity on T1- and T2-weighted 
MR images (29). The septa correspond to fibrous 

attenuation on CT images, low signal intensity on 
T1-weighted MR images, and high signal intensity 
on T2-weighted MR images. Typically, enhance-
ment after intravenous contrast material admin-
istration in myxoid components can be difficult 
to appreciate on CT images. However, gradual 
reticular enhancement within myxoid regions can 
be seen at MR imaging (31). MR imaging subtrac-
tion techniques can be used to improve depiction 
of enhancing components. The sclerosing variant 
of well-differentiated liposarcoma is usually well 
circumscribed but may have infiltrative margins 
(Fig 5) (32). The sclerosing variant may have 
a paucity of fat, such that it mimics high-grade 
liposarcomas such as dedifferentiated or pleomor-
phic liposarcomas (31,32). The nonfatty compo-
nent demonstrates soft-tissue attenuation on CT 
images and has a variable degree of high signal 
intensity on T2-weighted MR images.

Dedifferentiated liposarcomas are heterogeneous 
solid soft-tissue masses on CT and MR images (Fig 
6). Because these tumors frequently contain regions 
of variable histologic findings, well-defined fat and 
myxoid areas may be seen within a single tumor 
(33). Classically, a sharp demarcation between fatty 
and nonfatty elements is characteristic on CT or 
MR images, a finding that parallels the sharp de-
marcation between well-differentiated and dediffer-
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bands coursing through the myxoid stroma. Foci 
of mature fat may be seen in the lesion.

Pleomorphic liposarcoma is a poorly defined 
soft-tissue mass with no distinguishing features 
on CT and MR images. Areas of low-attenuation 
heterogeneity on CT images represent degen-
eration, necrosis, or intratumoral hemorrhage. 
Fatty elements are not depicted on CT and MR 
images. Pleomorphic liposarcomas usually have 
no distinguishing features that allow them to be 
differentiated from leiomyosarcoma or undiffer-
entiated pleomorphic sarcoma at imaging (29).

Recurrent and Metastatic Disease.—Recur-
rence of all types of retroperitoneal liposarcoma 
may follow initial surgical resection. Recurrences 
occur along the resection margins and at a dis-
tance from the initial resection bed. The imaging 
pattern (CT attenuation or MR imaging signal 
intensity) of the recurrent tumor is usually similar 
to the pattern that was seen in the initial mass 

(35). However, in well-differentiated liposarcoma, 
the recurrence can be a predominantly fatty mass 
or, in some cases, dedifferentiated liposarcoma 
without fat. When distant metastases occur, they 
most commonly arise in the lungs and liver (36).

Leiomyosarcoma

Definition.—Leiomyosarcomas are soft-tissue 
sarcomas with tumor cells resembling differentiated 
smooth muscle cells. The retroperitoneum is among 
the most common locations, and many of these 
tumors arise from the inferior vena cava (IVC) or 
other veins, such as renal, genital, or iliac veins (37).

Clinical and Pathologic Features.—Although leio-
myosarcomas may occur at any age, middle-aged 
and older adults are the most commonly affected 
age groups, with substantial female predominance 
(37). Leiomyosarcoma is the second most com-
mon retroperitoneal sarcoma (after liposarcoma). 

Figure 5.  Sclerosing type of well-differentiated liposar-
coma in a 37-year-old man with severe abdominal pain. 
(a) Axial contrast-enhanced CT image shows a large mul-
tinodular tumor with a fat-attenuation component (*) 
separated from the soft-tissue enhancing components 
(arrows) by thin septa (arrowheads). (b) Photograph of 
the cut surface of the gross specimen shows a similar con-
figuration, with pale-yellow tissue correlating with the fat 
component (*) shown on a, and with pink-yellow tissue 
correlating with the soft-tissue components (arrow); the 
components are separated by fibrous septa (arrowheads). 
(c) Photomicrograph of the sclerosing type of well-differ-
entiated liposarcoma shows a few adipocytes and nonlipo-
matous cells in a collagenous matrix. (Hematoxylin-eosin 
[H-E] stain; original magnification, 340.)
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Figure 6.  Spectrum of imaging appearances of dedifferentiated liposarcoma in three different patients. (a) Axial intravenous con-
trast material–enhanced CT image of dedifferentiated liposarcoma in a 58-year-old man shows areas of sharply demarcated fat (*) 
and blended fat (arrowheads), as well as larger enhancing solid components (straight arrow), with a less well-defined margin (curved 
arrow). (b) Axial intravenous and oral contrast material–enhanced CT image of dedifferentiated liposarcoma in a 72-year-old man 
shows progression to fewer areas of blended fat (arrowhead), with larger myxoid (*) and solid enhancing (arrows) components.  
(c) Axial intravenous  and oral contrast material–enhanced CT image of dedifferentiated liposarcoma in a 68-year-old woman shows 
that in addition to blended fat (arrowhead) in a larger solid mass, coarse calcification (arrow) correlating with metaplasia or chondro-
osseous components can also be depicted. (d) Photomicrograph of dedifferentiated liposarcoma with well-differentiated compo-
nents shows an abrupt transition between the nonlipogenic highly cellular dedifferentiated component (*) and the well-differentiated 
lipomatous component. (H-E stain; original magnification, 340.)

Leiomyosarcomas may also rarely arise in the peri-
toneal cavity, the soft tissues of the pelvis, and the 
abdominal wall. In addition, metastatic leiomyo-
sarcomas from uterine origin can involve the pelvis 
and other parts of the abdominal cavity.

The anatomic spaces of the retroperitoneum 
may allow leiomyosarcomas to grow to large sizes 
before causing clinical symptoms. Symptoms 
such as pain (back pain or radicular pain), ab-
dominal distention, changes in bladder or bowel 
habits, and gastrointestinal bleeding are due to 

mass effect or organ involvement by the lesion. 
Leiomyosarcomas of the IVC may come to clini-
cal attention earlier when they have an obstruc-
tive intravascular component or a large extralumi-
nal component that causes venous compression, 
resulting in congestion of the lower extremities, 
kidneys, or liver. In these cases, Budd-Chiari syn-
drome or renal failure may be the initial clinical 
manifestation of the tumor (38).

At gross pathologic examination, leiomyosarco-
mas of low histologic grade resemble leiomyomas. 
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Figure 7.  Incidentally identified intra-abdominal leiomyosarcoma in a 55-year-old woman. (a–c) Axial T1-weighted (a), T2-
weighted (b), and gadolinium-enhanced T1-weighted fat-suppressed (c) MR images show a large relatively homogeneous, non–fat-
containing solid intra-abdominal mass that is isointense to skeletal muscle on T1-weighted images (arrows on a), heterogeneously T2 
hyperintense (arrows on b), and heterogeneously enhanced (arrows on c). (d) Photomicrograph of leiomyosarcoma shows elongated 
atypical spindle cells with blunt-ended nuclei with mitotic activity. (H-E stain; original magnification, 380.)

They are a white or gray mass and may have a 
whorled appearance on the cut surface (37). High-
grade tumors almost always have areas of hemor-
rhage and necrosis on their cut surface. Histologi-
cally, leiomyosarcomas are typically composed of 
elongated spindle cells with blunt-ended nuclei 
arranged in intersecting fascicles. Epithelioid cells 
or epithelioid cells admixed with spindle cells may 
be seen (39). High-grade tumors can demonstrate 
nuclear pleomorphism and may resemble other 
pleomorphic sarcomas (40).

Radiologic Features.—On CT images, retroper-
itoneal leiomyosarcomas are characteristically 
heterogeneous in attenuation because of the 

enhancement of solid portions of the tumor ad-
mixed with nonenhancing areas of degeneration, 
hemorrhage, and necrosis (38,41). Enhance-
ment is often more marked at the periphery of 
the tumor. Dystrophic calcification is an uncom-
mon finding (38). At MR imaging, no specific 
findings distinguish retroperitoneal leiomyosar-
coma. The tumor is most often iso- to hypo
intense relative to skeletal muscle on T1-weighted 
MR images, heterogeneously hyperintense on 
T2-weighted MR images, and heterogeneously 
enhancing after intravenous contrast material 
administration (Fig 7) (42). Although both CT 
and MR imaging demonstrate no specific imag-
ing features for retroperitoneal leiomyosarcoma, 
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Figure 8.  Intraluminal and extraluminal leiomyosarcoma in the IVC of a 46-year-old man who pre-
sented with a 5-month history of progressive leg swelling. Coronal (a) and sagittal (b) contrast-enhanced 
CT images show a heterogeneously enhancing mass expanding the IVC (straight arrows), with a small 
round extraluminal component inferiorly (curved arrow on a).

it is important to recognize that leiomyosarcoma 
does not contain fatty elements.

Leiomyosarcomas arising from the IVC and 
major veins of the retroperitoneum and pelvis may 
manifest as an intraluminal mass (Fig 8), an ex-
traluminal mass, or both. Leiomyosarcomas of the 
IVC may arise from any portion of the IVC. The 
attenuation characteristics at CT and the signal 
intensity at MR imaging are identical to those of 
leiomyosarcomas arising in the retroperitoneal soft 
tissues (Fig 9) (42). When there is an intraluminal 
component, the vessel is expanded by heteroge-
neously enhancing intraluminal tumor.

Leiomyosarcomas arising in the abdominal 
wall muscles tend to be smaller at the time of 
diagnosis, compared with retroperitoneal and 
IVC leiomyosarcomas. Consequently, leiomyo-
sarcomas in the abdominal wall muscles usually 
demonstrate homogeneous attenuation at CT 
and homogeneous signal intensity at MR imag-
ing, lacking necrosis and hemorrhage (Fig 10) 
(43). However, larger lesions may show heteroge-
neity (Fig 10) (43). Leiomyosarcomas originating 
in the peritoneal cavity are extremely rare. In case 
reports in the literature and in our experience, 
their imaging features are similar to those of 
leiomyosarcomas arising in the retroperitoneum 
(Fig 11) (44).

Recurrent and Metastatic Disease.—The most 
important prognostic factors for leiomyosarcoma 
are size and location. Retroperitoneal and IVC 
leiomyosarcomas have a high recurrence rate 

and are ultimately fatal because of the difficulty 
in achieving a curative resection. In the series of 
cases reported by Cooley et al (42), the most fre-
quent sites of hematogenous metastasis were the 
lungs, peritoneum, and liver, followed by muscle, 
bones, and lymph nodes.

Gastrointestinal Stromal Tumor

Definition.—GISTs are generally defined as 
KIT-positive, usually KIT or PDGFRA muta-
tion–driven mesenchymal neoplasms. They are 
considered to be the neoplastic equivalent of the 
interstitial cells of Cajal or their precursors (45).

Clinical and Pathologic Features.—GISTs are 
the most common mesenchymal neoplasms of 
the gastrointestinal tract. The biologic behavior 
of GISTs ranges from benign indolent lesions to 
highly aggressive malignancies. Malignant GISTs 
are the most common intraperitoneal sarcomas, 
and these tumors also occur in the retroperito-
neum, given the retroperitoneal location of parts 
of the gastrointestinal tract. GISTs are most 
commonly found in older adults who are more 
than 50 years of age and only rarely occur in 
children. There is no race or gender predilection. 
GISTs in adults are typically sporadically occur-
ring and are associated with somatic mutations in 
the KIT or PDGFRA gene. However, 10%–15% 
of GISTs lack KIT or PDGFRA mutations. These 
GISTs can be associated with neurofibromatosis 
type 1 (mainly occurring in the small intestine) or 
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Figure 9.  Leiomyosarcoma arising in the left renal vein in a 59-year-old man with progressive left flank pain. 
(a, b) Axial T1-weighted (a) and T2-weighted (b) MR images show a homogeneous mass intimately associated 
with the left renal vein, with an extraluminal component that is isointense to skeletal muscle on T1-weighted im-
ages (arrows on a) and mildly hyperintense to skeletal muscle on T2-weighted images (arrows on b). (c) Coronal 
gadolinium-enhanced T1-weighted fat-suppressed MR image shows enhancement of the central vein component 
(straight arrows) and the intraluminal tumor extending into the infrahepatic IVC (curved arrow). (d) Photograph 
of the gross specimen shows the intraluminal component adherent to the wall of the left renal vein (straight ar-
rows) and the contiguous smooth gray-tan tumor thrombus extending beyond the resected renal vein margin 
(curved arrows); the tumor thrombus was milked from the IVC.

can represent succinate dehydrogenase (SDH)–
deficient GISTs (mainly arising in the stom-
ach) that include GIST in the Carney triad and 
the Carney-Stratakis syndrome (46,47). These 
tumors can be diagnosed by loss of SDHB gene 
expression in the tumor cells (48).

Approximately 60%–70% of GISTs arise in the 
stomach, followed by the duodenum and small 
bowel (20%–25%), the anus and rectum (5%), 
and the esophagus and colon (<5%) (49). GIST 
is the most common sarcoma in the peritoneal 
cavity and can also occur in the retroperitoneum, 
usually being metastatic from a gastric or intestinal 
primary tumor or arising from retroperitoneally 
located bowel. The clinical signs and symptoms of 
GIST depend on tumor location and size. Gas-
trointestinal bleeding is one of the most common 
symptoms. Other signs and symptoms include ab-

dominal discomfort, pain, or distention; intestinal 
obstruction; and weight loss (50). Although small 
indolent GISTs may be asymptomatic and may be 
discovered incidentally during imaging and endos-
copy performed for other reasons, highly malig-
nant GISTs are typically large and symptomatic at 
the time of diagnosis.

GISTs arise in the muscularis propria layer 
of the stomach or intestinal wall. Small GISTs 
form intramural or serosal nodules. As they grow 
and expand, GISTs may develop intraluminal, 
intramural, and extraluminal components to 
varying degrees. The extraluminal component 
of a malignant GIST may be so large that it is 
difficult to determine the site of origin. Small in-
testinal GISTs tend to be predominantly extralu-
minal and attached to the intestine by a pedicle. 
At gross pathologic examination, the cut surface 
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of the tumor is pink, tan, or gray. Large GISTs 
frequently contain hemorrhage, necrosis, and cys-
tic degeneration, which may be the predominant 
component. Ulceration may be present on the 
mucosal surface (50).

Histologically, GISTs may be cellular or hypo-
cellular, with cells that are spindle shaped or epi-
thelioid (Fig 12) (51). A variety of architectural 
patterns are seen in GISTs. The spindle-shaped 
cells may be arranged in fascicles similar to 

Figure 10.  Leiomyosarcoma arising in the anterior abdominal wall 
of a 65-year-old woman with abdominal pain. (a) Axial contrast-en-
hanced CT image of the upper pelvis shows a homogeneous ovoid 
mass (arrow) arising within the anterolateral abdominal wall mus-
culature. (b) Axial T1-weighted MR image shows that the mass (ar-
row) is mildly hyperintense to skeletal muscle. (c) Axial T2-weighted 
MR image shows that the mass (arrow) is heterogeneous, with cur-
vilinear bands of T2 hyperintensity. (d) Axial contrast-enhanced T1-
weighted fat-suppressed MR image shows heterogeneous enhance-
ment of the mass (arrow). (e) Photograph of the gross specimen 
shows a tan-pink soft-tissue mass with a whorled surface.
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Figure 12.  Histologic features of GIST. (a) Photomicrograph shows that the tumor is composed of uniform spindle cells demonstrat-
ing mitotic activity. (H-E stain; original magnification, 380.) (b) Photomicrograph shows that the tumor cells are strongly positive for 
KIT. (KIT immunohistochemical stain; original magnification, 3100.)

Figure 11.  Intra-abdominal leiomyosarcoma in a 75-year-old man complaining of increasing abdominal girth and 
abdominal pain. Axial (a) and coronal (b) contrast-enhanced CT images show a large intra-abdominal mass (straight 
arrows) displacing bowel loops laterally; the mass has central necrosis (*) despite prominent blood vessels. This leio-
myosarcoma was metastatic at manifestation, with similar-appearing masses depicted in the liver (curved arrows on b).

smooth tumors or in palisading patterns simulat-
ing neural tumors. GISTs may have prominent 
vascularity. The tumor stroma can be collagenous 
or myxoid. Extensive hyalinization and calcifica-
tions occur, especially in the smaller indolent 
tumors. Small intestinal GISTs may be histologi-
cally distinctive, containing extracellular collagen 
globules and neuropil-like material (52). Nearly 
all GISTs are immunohistochemically positive 
for KIT and DOG1/ANO1, and 70%–80% of 
GISTs are positive for CD34.

The prognosis of a GIST is based on the site 
of origin, tumor size, and mitotic rate (53–55). 
In general, gastric GISTs that are more than 5 
cm in largest diameter and have mitotic rates of 
more than five mitoses per 50 high-power fields 

(5/50 HPFs) have a substantial risk for progres-
sive disease. In the small bowel, tumors larger 
than 5 cm and even with mitotic rates of less 
than 5/50 HPFs have a high risk for metastatic 
disease.

Radiologic Features.—GISTs are well-cir-
cumscribed tumors at cross-sectional imag-
ing. Because GISTs arise from the muscularis 
propria of the stomach or intestinal wall, the 
imaging diagnosis is based on the relationship of 
the mass to the wall of the gastrointestinal tract. 
As previously described, GISTs may be purely 
intramural or may have a variable intraluminal 
or extraluminal component (Fig 13). Intralumi-
nal extension is most commonly seen in gastric 
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GISTs. At CT, the intraluminal component 
is a protrusion of tumor into the lumen of the 
stomach. The overlying mucosa may be smooth 
or may have air-filled or oral contrast mate-
rial–filled defects at sites of ulceration. When an 
extraluminal component of the tumor is present, 
the tumor extends beyond the serosal surface of 
the gastrointestinal tract into the adjacent peri-
toneal cavity (50). Highly malignant GISTs may 
directly invade adjacent organs and tissues.

On nonenhanced CT images, GIST is usually 
isoattenuating to muscle. After administration 
of intravenous contrast material, GIST shows 
variable enhancement. Smaller tumors may 
have homogeneous enhancement. Large GISTs 
commonly have intratumoral degeneration, 
hemorrhage, and necrosis that cause a more het-
erogeneous pattern of enhancement (56). The 
degenerated, hemorrhagic, and necrotic por-
tions of the GIST do not enhance. Necrosis and 
cystic degeneration may be extensive in some 
GISTs, such that the tumor is almost com-

pletely cystic at CT (Fig 14) (50). The presence 
of any residual solid enhancing tumor along 
the margin of the lesion and the location of the 
lesion arising from the wall of the gastrointesti-
nal tract are findings that suggest that a cystic-
appearing lesion may represent a GIST. Finally, 
calcification may be seen in GISTs at CT, and 
there is no distinctive pattern of calcification 
unique to GIST (Fig 15) (57).

The key to the imaging diagnosis of a GIST 
is establishing its origin from the wall of the 
stomach or intestine, although rare cases can ap-
pear to be extragastrointestinal (50). A minority 
of GISTs are described as being primary to the 
omentum, peritoneal cavity, or retroperitoneum, 
with no apparent attachment to the intestine. 
In the series of cases reported by Kim et al 
(58), omental GISTs were large in size, ranging 
from 10 to 27 cm in maximal diameter. Omen-
tal GISTs have well-defined borders and have 
extensive low-attenuation necrosis and degen-
eration at CT. In theory, it is possible that some 

Figure 13.  GIST arising from 
the stomach in a 62-year-old 
man with abdominal distention. 
(a) Axial contrast-enhanced CT 
image shows a large mass with 
areas of low attenuation (*) in 
the upper abdomen. The mass 
compresses the superior mesen-
teric vein. (b) Coronal maximum 
intensity projection image shows 
that the mass is arising from the 
greater curvature of the stomach, 
with a polypoid intraluminal com-
ponent (curved arrow). (c) Sagit-
tal maximum intensity projection 
image shows prominent collateral 
vessels draped over the anterior 
superior tumor (arrow).
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Figure 14.  GIST arising from the stomach in a 62-year-old woman who had pain when lying in the prone 
position, early satiety, and a palpable abdominal mass. (a) Axial contrast-enhanced CT image shows a large 
predominantly low-attenuation (cystic-appearing) mass within the upper abdomen. (b) Coronal maximum in-
tensity projection image shows that the mass is inseparable from the greater curvature of the stomach (arrows) 
but is without a distinct intramural or intraluminal component. (c) Intraoperative photograph shows that the 
large lobulated well-defined mass is attached to the stomach with a thin strand of tissue (arrows).

of these GISTs originally had a narrow pedicle 
of attachment to the small intestine that became 
devascularized, allowing detachment of the 
GIST from the intestine.

Recurrent and Metastatic Disease.—Metastatic 
disease in patients with GISTs occurs most com-
monly in the liver and peritoneal cavity (56). Me-
tastasis to the lung, bone, brain, and the skin and 
peripheral soft tissue may be seen but generally 
occurs late in the course of widespread metastatic 
disease. Although GIST with KIT or PDGFRA 
mutation does not metastasize to lymph nodes, 
succinate dehydrogenase–deficient GIST com-
monly metastasizes to lymph nodes, as well as the 
liver and peritoneal cavity (59).

Differential Diagnosis
The anatomic location and the CT attenua-
tion and/or MR imaging signal intensity of a 
soft-tissue mass in the abdomen and pelvis and 
abdominal wall are the most important factors 
to consider when establishing a radiologic dif-
ferential diagnosis (Table 2). Of these factors, the 
finding of fat within the lesion is most important 
because liposarcoma is the most common retro-
peritoneal sarcoma, and establishing fat within 
a lesion suspected of being liposarcoma may be 
diagnostic. Other fat-containing masses that may 
mimic well-differentiated liposarcoma include 
angiomyolipoma, myelolipoma, lipomatosis, and, 
rarely, mature lipoma. Angiomyolipomas are in 
the perivascular epithelioid cell tumor (also called 
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Figure 15.  GIST arising from the gastric antrum in an asymptomatic 74-year-old woman. Axial (a) and coronal (b) contrast-
enhanced CT images show a mixed-attenuation mass with areas of low attenuation (*) and extensive high-attenuation calcifi-
cation (curved arrow) extending along the omentum.

“PEComa”) family, and most of them are benign, 
arising from the kidney. A large exophytic renal 
angiomyolipoma can be difficult to distinguish 
from a well-differentiated liposarcoma. The finding 
of a sharp defect or cleft in the renal parenchyma 
is characteristic of angiomyolipoma (Fig 16) (60). 
Other findings typical of angiomyolipoma include 
encapsulation, additional angiomyolipomas in the 
ipsilateral or contralateral kidney, associated intra-
tumoral hemorrhage, and large vessels within the 
tumor. Well-differentiated liposarcoma does not in-
vade the renal capsule because it is not an aggres-
sive tumor. Well-differentiated liposarcoma is also 
hypovascular. On the other hand, dedifferentiated 
liposarcoma may have much more aggressive fea-
tures, showing solid and enhancing elements that 
distinguish it from well-differentiated liposarcoma.

Myelolipoma most commonly arises from the 
adrenal gland and, as such, can be distinguished by 
an adrenal origin. True lipomas are so rare in the 
retroperitoneum and peritoneal cavity that the di-
agnosis should be made with caution and only after 
extensive sampling of a lipomatous mass. Excess 
deposition of mature fat throughout the retroperi-
toneum and/or pelvis, termed lipomatosis, can also 
have an appearance similar to well-differentiated 
liposarcoma. The CT and MR imaging findings 
of lipomatosis are symmetric distribution of fat in 
the retroperitoneum or pelvis, with preservation of 
the fascial planes (61). Retroperitoneal and pelvic 
organs are often symmetrically compressed by the 
fat deposition. The bladder may assume a teardrop 
or pear shape when the pelvis is involved.

Lastly, in the differential diagnosis of fat-
containing lesions, omental infarction and fat 
necrosis may be masslike and mimic liposarcoma. 

Clinically, patients with omental infarction pres-
ent with acute or subacute abdominal pain; and 
at imaging, inflammatory stranding and fluid 
are admixed with a fatty mass in the region of 
the greater omentum. If a large amount of the 
omentum is involved, twisting and torsion of the 
vasculature may be seen. Fat necrosis may occur 
anywhere in the body. In the abdomen and pelvis, 
fat necrosis may be complex, with an enhancing 
capsule and rimlike calcification, and may have 
mass effect on adjacent organs (Fig 17) (62). In 
most patients, a temporal relationship to prior 
trauma, surgery, or inflammation can be estab-
lished with the onset of the lesion. Fat necrosis 
diminishes in size with time on follow-up images.

Soft-tissue sarcomas with a substantial cystic 
component, such as GISTs, can be misdiagnosed 
as an abscess or evolving hematoma. In these 
cases, great care should be taken to observe the 
relationship of the cystic lesion with respect to 
the adjacent stomach and intestine because most 
GISTs will have an origin from the stomach or 
intestine. The lack of an inflammatory reaction 
around a cystic lesion and the presence of an 
enhancing thick, irregular, or nodular wall are 
typical of a tumor with cystic degeneration, rather 
than an abscess or hematoma.

Myxoid components in soft-tissue sarcomas 
show low attenuation on CT images and show 
high signal intensity on T2-weighted MR images. 
These imaging findings may mimic fluid in an ab-
scess, a resolving hematoma, a seroma, or a cystic 
mass such as a lymphangioma. Careful evaluation 
of the lesion in conjunction with the patient’s pre-
senting symptoms helps to resolve the overlapping 
findings in these entities. However, nonmalignant 
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soft-tissue masses that contain myxoid or muci-
nous stroma are more difficult to differentiate from 
a sarcoma with myxoid components at imaging. 
In the mesentery and abdominal wall, desmoid tu-
mors (also called fibromatosis) can have a myxoid 
or soft-tissue stroma (Fig 18) and appear similar 
to a soft-tissue sarcoma. Biopsy is necessary to 
establish the diagnosis before surgery. Lymphoma, 
metastatic disease to lymph nodes, and Castleman 
disease should be located in the distribution of 
lymph nodes chains, and nerve sheath tumors are 
typically in the paraspinal region.

Calcification is a common occurrence in ab-
dominal and pelvic masses. In soft-tissue sarcomas, 
calcification and ossification are the consequence of 
metaplasia or osteochondromatous or chondrosar-
comatous components of the tumor. Consequently, 
calcification can be seen in dedifferentiated lipo-
sarcoma, GIST, and pleomorphic undifferentiated 
sarcoma. Calcifications are also seen in common 
abdominal malignancies such as mucinous adeno-
carcinoma of ovarian, colorectal, pancreatic, or 
gastric origin. The classic mucinous calcification 
is a dot-dash pattern in a hypoattenuating mass. 
Treated lymphoma, metastatic carcinoid, terato-

mas, and sclerosing mesenteritis may also contain 
calcification. In these diseases, the soft-tissue 
component and associated findings typical of the 
disease are distinguishing features. Other forms of 
calcification (heterotopic ossification of the mesen-
tery, encapsulating peritonitis, and foreign bodies) 
in the peritoneum are generally not a diagnostic 
consideration because they lack an associated mass 
that will be present in a soft-tissue sarcoma.

Special differential diagnostic considerations are 
given for those lesions arising in the abdominal wall. 
The differential diagnosis for abdominal wall lesions 
will be discussed in detail in part 2 of this article. 
In general, the differential diagnosis for soft-tissue 
sarcomas arising in the abdominal wall musculature 
includes dermatofibrosarcoma protuberans, des-
moid tumor, endometriosis, and metastatic disease.

Clinical Considerations
Patients with soft-tissue sarcomas should be man-
aged by a multidisciplinary team of surgeons, ra-
diologists, pathologists, radiation oncologists, and 
medical oncologists with expertise and experience 
in soft-tissue sarcomas. Although surgery remains 
the principal therapy for soft-tissue sarcomas, 

Table 2: Summary of Anatomic, Pathologic, and CT Features of the Most Common Abdominal and 
Pelvic Sarcomas

Type of Sarcoma and Its Ana-
tomic Locations Gross Pathologic Features CT Features

Well-differentiated liposarcoma
  Retroperitoneum, parates- 

  ticular soft tissues
Pale-yellow fatty mass; may have 

mucoid component and fi-
brous septa; solid nonlipogenic 
areas may represent dediffer-
entiated component

Fat-attenuation mass; may contain thin 
blood vessels, irregular septa, or minor 
nodularity; solid or large nodular com-
ponent represents dedifferentiated or 
pleomorphic component; water-atten-
uation component represents myxoid 
component

Dedifferentiated liposarcoma
  Retroperitoneum Firm white or yellow nonlipo-

genic mass
Heterogeneous solid soft-tissue mass; 

may contain fat-attenuation elements 
that are sharply demarcated from soft-
tissue elements; may calcify or ossify

Leiomyosarcoma
  Retroperitoneum, pelvis,  

  peritoneal cavity, abdominal  
  wall

Low-grade tumors that are 
white or gray and may have a 
whorled appearance; high-
grade tumors that may contain 
foci of necrosis or degeneration

Heterogeneous soft-tissue mass from 
degeneration, hemorrhage, or necrosis; 
intravenous contrast enhancement may 
be more marked at the tumor periph-
ery; no fatty elements; dystrophic calci-
fication is rare

Malignant GIST
  Peritoneal cavity, retroperi- 

  toneum
Intramural and subserosal nodules 

that may have an intraluminal 
component; may be peduncu-
lated, with predominant extralu-
minal growth; friable, with 
hemorrhage on cut surface

Arises from the stomach or bowel wall, 
with an intramural, intraluminal, or 
exophytic component; well-defined 
margins; heterogeneous contrast en-
hancement; may have cystic compo-
nents; may calcify
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Figure 17.  Acute and chronic manifestations of fat necrosis in two patients. (a) Axial contrast-enhanced CT image of acute fat 
necrosis in a 45-year-old woman after surgery shows a partially defined fatty mass (straight arrow) in the anterior left abdomen, with 
substantial surrounding postoperative and inflammatory stranding and fluid (curved arrows). (b) Axial contrast-enhanced CT image 
of chronic fat necrosis in a 50-year-old man shows a well-circumscribed fatty mass (arrow) with peripheral thin calcification in the 
anterior left abdomen.

Figure 16.  Renal angiomyolipoma incidentally discovered in a 66-year-old woman at CT enterography performed 
for gastrointestinal bleeding. Axial (a) and sagittal (b) contrast-enhanced CT images show a well-circumscribed fat-
containing lesion (straight arrow) with thin internal septa and small blood vessels. The sagittal image best shows a 
subtle renal cortical defect (curved arrow on b).

some tumors are not amenable to surgical resec-
tion because of the location and extent of the tu-
mor or the presence of distant metastatic disease, 
or because the patient is not a surgical candidate 
due to comorbid conditions. The optimal resec-
tion is an R0 resection that leaves no residual 
microscopic disease. The resection is deemed R1 
when there is residual microscopic disease and R2 
when there is residual gross disease (63).

For both GIST and non-GIST sarcomas, care-
ful evaluation of preoperative images is necessary 
to plan a surgical resection. For intra-abdominal, 

pelvic, and abdominal wall non-GIST sarcomas, 
the tumor location, the size, and the extent of the 
tumor are important because an en bloc resec-
tion of the tumor with surrounding normal tissue 
and organs is generally necessary to achieve 
microscopically negative surgical margins. 
Therefore, careful evaluation of the relation-
ship of the tumor to adjacent solid viscera 
(commonly, the kidneys, pancreas, and spleen), 
bowel (most commonly, the colon), vasculature, 
and the abdominal wall is necessary. When the 
tumor arises from or involves the abdominal 
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wall, reconstructive surgery may be required. 
In addition, multidisciplinary discussions may 
be needed to determine if neoadjuvant therapy 
would be beneficial to reduce tumor size, to 
increase the likelihood of an R0 resection.

For patients with GISTs, large surgical 
resections with wide margins are not required, 
because a GIST has limited intramural growth 
and generally no infiltrative growth. Segmental 
and wedge resections that can achieve micro-
scopically negative surgical margins are per-
formed. However, multivisceral resections may 
be needed in large tumors. Because a GIST is 
a soft and fragile tumor, great care should be 
taken to prevent tumor rupture and spillage, 
especially after preoperative tyrosine kinase ther-
apy, because this therapy might increase tumor 
fragility. Neoadjuvant therapy with a tyrosine 
kinase inhibitor (imatinib mesylate [Gleevec]; 
Novartis, Basel, Switzerland) may be considered 

to reduce tumor size before surgery and thus 
achieve organ-sparing surgery.

Preoperative biopsy of non-GIST sarcomas is 
beneficial when the imaging characteristics of the 
tumor are not diagnostic of sarcoma. In general, 
biopsy is necessary for all masses that are not 
clearly liposarcoma, because the imaging features 
of all other soft-tissue sarcomas overlap and are not 
specific to a particular tumor type. Imaging-guided 
core needle biopsy is preferred over incisional bi-
opsy because the former is less disruptive to tissue 
planes. Open surgical biopsies are strongly discour-
aged, because these procedures will lead to tumor 
rupture and increase spillage. When performing 
imaging-guided core needle biopsies, multiple core 
needle biopsy specimens (five or more) of adequate 
caliber (such as 18 gauge) should be obtained 
to have sufficient tissue not only to establish the 
diagnosis, but also to assess tumor grade. In our 
experience, sampling various locations in a large 

Figure 18.  Desmoid tumor in a 50-year-old man with vague pain 
in the left upper quadrant. (a) Axial contrast-enhanced CT image 
shows a well-circumscribed mass (straight arrow), which has low 
attenuation compared with the adherent transversus abdominis 
muscle (curved arrow). (b, c) Axial T2-weighted (b) and contrast-
enhanced T1-weighted fat-suppressed (c) MR images show het-
erogeneous intrinsic high T2 signal intensity within the mass (ar-
row on b), with avid enhancement of the mass (arrow on c).
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tumor is helpful because the histologic features and 
grade may vary at different sites within the tumor. 
For those tumors suspected to be GISTs, biopsy 
is necessary to confirm the diagnosis for surgical 
planning and initiation of tyrosine kinase inhibi-
tor therapy. Endoscopic US–guided biopsies are 
preferred over percutaneous biopsies, if possible, 
because of the potential for intraperitoneal tumor 
spillage with percutaneous biopsy.

Conclusion
Most abdominal and retroperitoneal sarcomas are 
well-differentiated or dedifferentiated liposarcomas, 
leiomyosarcomas, or GISTs. Many other tumor 
types occur with a lower frequency and will be dis-
cussed in part 2 of this article. Liposarcomas have 
radiologic characteristics that may allow radiology-
based tumor typing. However, many other tumor 
types can be radiologically predicted on the basis of 
organ location (venous association predicts leio-
myosarcoma; intestinal location predicts GIST).
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