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Abstract

Renal lymphoma can present as a primary or secondary
manifestation of lymphoma. Both are rare. At imaging
studies, five different presentation forms of renal lym-
phoma can be distinguished: solitary or multiple renal
masses, infiltrative lesions, perirenal lymphoma, and exten-
sion of a retroperitoneal lymphoid mass in the kidney.

In general, diagnosis of renal lymphoma is not difficult
as multisystemic disseminated disease is often present.
Biopsy is recommended to avoid surgery. CT and PET-CT
remain the modalities of choice for diagnosis and staging.
MRI can be useful in patients with iodinated contrast allergy
and renal insufficiency. Ultrasound has a role in screening
for renal mass in patients with flank pain or renal insuffi-
ciency and is the modality of choice in image-guided biopsy.

Renal sarcoma can present as a primary or secondary
manifestation of sarcoma. Both are very rare. Diagnosis
on imaging is not straightforward because the imaging
characteristics are extremely variable, depending on the
nature and the degree of differentiation of the tumor
components.

There are no pathognomonic signs of a renal sarcoma,
and frequently, imaging studies allow no differentiation
from other primary epithelial renal parenchymal tumors.

Some signs can suggest the preoperative diagnosis, such
as a mass arising from the renal sinus or capsule and the
absence of extension of the mass beyond its pseudocapsule.
Some subtypes have specific characteristics. Histopathologic
analysis is usually essential for the final diagnosis.

Renal Lymphoma

1.1 General Features

Extranodal involvement of lymphoma is a common find-
ing, occurring in approximately 40 % of patients with lym-
phoma (Lee et al. 2008). “Extranodal” refers to sites other
than lymph nodes including the spleen, thymus, tonsils,
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and Waldeyer ring, with the exception of non-Hodgkin’s
disease (malignant lymphoma), where the spleen is con-
sidered as an extranodal organ.

Every organ or structure can be involved by lymphoma.
The kidney is the sixth most affected abdominal site after
the spleen, liver, gastrointestinal tract, pancreas, and abdom-
inal wall (Lee et al. 2008). Extranodal involvement is more
frequent in non-Hodgkin’s lymphoma, patients with recur-
rent disease, and immune-suppressed patients (Guermazi
et al. 2001; Leite et al. 2007; Lee et al. 2008). Recognition
of extranodal involvement is crucial in initial staging
(Cotswold classification, Ann Arbor classification), since it
is crucial for prognosis and therapy planning (Guermazi
et al. 2001).

Imaging studies have an important role in diagnosis and
staging.

1.2 Pathogenesis

Renal lymphoma is divided into primary and secondary forms.
The existence of the very rare primary form is still controversial
because the kidney does not harbor lymphoid tissue (Kandel
et al. 1987; Stallone et al. 2000; Symeonidou et al. 2008).

In fact, renal lymphoma is a diagnosis of exclusion: the
disease must be limited to the kidney and adjacent perirenal
and perihilar lymph nodes. The pathophysiology of its devel-
opment is unclear: many theories have been proposed, such
as development as a result of chronic inflammatory pro-
cesses, arising from perinephric lymphoid tissue or from the
renal capsule, which is richly embedded in lymph vessels
(Pickhardt et al. 2000; Stallone et al. 2000).

More frequently, primary lymphoma is reported in
immune-deprived patients and concerns a non-Hodgkin’s
lymphoma.

Most patients with primary renal lymphoma quickly
develop extrarenal disease, and their prognosis is unfavor-
able (Kandel et al. 1987).

The more frequent secondary form of lymphoma is caused
by hematogenous spread (causing, in general, bilateral
involvement) of tumor cells, through sinus, perirenal, or cap-
sular lymphatics or through direct extension from retroperi-
toneal lymphoma (Leite et al. 2007; Dyer et al. 2008). The
most frequent secondary renal lymphoma is found in patients
with widespread diffuse large B-cell non-Hodgkin’s lym-
phoma (intermediate and high-grade forms), with Burkitt
lymphoma, and with AIDS and in immune-deprived patients.

Symptomatology of renal lymphoma can vary between no
symptoms and flank pain, hematuria, night sweat, and fever.

Mortality and morbidity depend on the type and extent of
the lymphoma (Zukotynski et al. 2012).

Knowing the pattern of tumor growth and tumor spread-
ing is essential in understanding the presentation of the
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tumor on imaging. Two patterns of tumor growth are distin-
guished: the infiltrative type and the expansile type.

In the less frequent infiltrative growth pattern, lym-
phoma proliferates along the normal interstitial structures,
resulting in kidney enlargement and loss of internal archi-
tecture with initial preservation of the reniform shape
(Pickhardt et al. 2000; Urban and Fishman 2000; Sheth
et al. 2006). This appearance is also known as the “faceless
kidney” (Zagoria 2004).

Formation of expansile masses is the result of spherical
focal tumor proliferation (radial growth pattern), with com-
pression or destruction of the adjacent renal parenchyma and
formation of a pseudocapsule (Pickhardt et al. 2000; Urban
and Fishman 2000).

1.3 Imaging Features and Differential

Diagnosis

Lymphoma has five different appearances on imaging,
depending partially on the growth pattern of the tumor: sin-
gle and multiple masses, perirenal disease, infiltrative dis-
ease, and extension of retroperitoneal disease.

1.3.1 Multiple Masses

This is the most frequent presentation pattern of renal lym-
phoma, seen in 50-60 % of the cases (Jafri et al. 1982; Cohan
et al. 1990; Sheth et al. 2006). They present typically bilat-
eral, but unilateral forms have been reported. Size varies
from 1 to 4.5 cm (Sheth et al. 2006). Renal contour bulging
may be seen in eccentrically located or large masses (Cohan
et al. 1990).

On unenhanced CT, the masses may have slightly higher
attenuation numbers compared to the surrounding paren-
chyma; yet sometimes, these masses are hard to detect if no
renal contour abnormalities are present. Intravenous contrast
administration is indispensable for diagnosis and appropriate
staging.

At contrast-enhanced CT, the masses are typically homo-
geneously hypovascular compared to the surrounding paren-
chyma, allowing easy detection (Fig. 1).

On MRI, the masses are hypointense on T1-weighted
images and iso- or hypointense on T2-weighted images. The
characteristics on contrast-enhanced MRI are similar to CT
(Sheth et al. 2006).

Large retroperitoneal lymph adenopathies are present in
less than 50 % of the cases (Urban and Fishman 2000) and
are the key feature for the diagnosis of lymphoma.

In the absence of large retroperitoneal adenopathies, differ-
ential diagnosis of bilateral multiple renal lymphoma includes
renal metastases and papillary renal cell carcinoma. Clinical
history is crucial in the diagnosis, but if there is no known pri-
mary malignancy present, biopsy needs to be performed to
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Fig. 1 Diffuse large B-cell lymphoma in a 76-year-old man.
(a) Contrast-enhanced CT in the corticomedullary phase shows multi-
ple hypovascular masses in both kidneys (black arrows). (b) Axial
T2-weighted MR image shows a T2-hypointense mass in the upper pole
of the left kidney. (c) Diffusion-weighted imaging of this lesion
obtained on a b-value of 1000 shows high signal

differentiate between surgical disease and disease processes
where surgery must be avoided (Sheth et al. 2006).

From a theoretical point of view, other differential diag-
noses include acute pyelonephritis, septic emboli, renal
infarcts, and abscesses (Sheth et al. 2006). Their specific
radiologic appearance and clinical presentation usually
enable the differentiation with lymphoma.

1.3.2 Retroperitoneal Extension

Renal invasion from retroperitoneal extension is the second
most frequent presentation pattern and accounts for 25-30 %
of the cases (Cohan et al. 1990).

Fig. 2 Follicular lymphoma in a 71-year-old man. Contrast-enhanced
CT in the parenchymal phase shows a large hypovascular retroperito-
neal mass extending into the renal hilum with encasement of the left
renal vessels (arrow) and involving the kidney resulting in a hypoat-
tenuating enlarged left kidney. Hydronephrosis is absent

Large confluent retroperitoneal masses encase the renal
vasculature and invade the renal hilum with occasionally
mild secondary hydronephrosis (Urban and Fishman 2000;
Sheth et al. 2006; Leite et al. 2007; Symeonidou et al. 2008)
(Fig. 2).

Occlusion or thrombosis of renal veins and arteries is rare
despite the, at times, massive tumor burden (Urban and
Fishman 2000; Sheth et al. 2006). Lateral displacement of
the kidney is not infrequent.

Bulky lymphadenopathies can be seen in other tumors,
even with extension into the kidney. Differential diagnosis
is based on the aspect of the adenopathies, which tend to be
softer in lymphoma. Lymphoma adenopathies encase vas-
cular structures, whereas adenopathies from other prima-
ries obstruct and invade vascular structures (Urban and
Fishman 2000).

1.3.3 Infiltrative Disease

Infiltrative renal involvement presents as nephromegaly with
disruption of the internal architecture and preservation of
renal shape (Fig. 3). It occurs generally bilateral and is more
commonly seen in Burkitt lymphoma (Sheth et al. 2006). It
is observed in 20 % of patients with renal lymphoma (Reznek
et al. 1990).

Intravenous contrast administration is essential to
appreciate the enhancement characteristics, the focal ill-
defined hypovascular areas, and the loss of corticomedul-
lary differentiation secondary to the infiltrative growth
pattern. Encasement of the renal collecting system is often
present.

Renal function is frequently moderately impaired.
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Fig. 3 Diffuse large B-cell lymphoma (immunomodulator agent-
related lymphoproliferative disorder) in a 75-year-old woman.
(a) Contrast-enhanced CT in the parenchymal phase shows an infiltra-
tive hypovascular mass in the upper pole of the left kidney with discrete
infiltration of the perirenal fat (arrow). (b) Coronal image shows diffuse
pericardial involvement (arrow)

Certainly, when this presentation is unilateral, the dif-
ferential diagnosis includes other tumoral disease pro-
cesses (renal cell carcinoma, medullary tumors, transitional
and squamous cell carcinoma, renal sarcoma, leukemia,
plasmocytoma, metastases, and infiltrative pediatric
tumors) and inflammatory diseases (bacterial and xantho-
granulomatous pyelonephritis, renal parenchymal malaco-
plakia) with a predominately infiltrative pattern (Pickhardt
et al. 2000).

1.3.4 Solitary Mass
A solitary mass is found in 10-20 % of the cases (Cohan
et al. 1990; Reznek et al. 1990). Solitary masses exhibit

Fig. 4 Diffuse large B-cell lymphoma in a 69-year-old man.
(a) Contrast-enhanced CT in the parenchymal phase shows a solitary
hypodense mass in the upper pole of the right kidney. (b) Fusion FDG-
PET-CT shows the increased FDG uptake in the lesion

similar imaging characteristics as the multiple masses
(Fig. 4). Solitary masses can be as large as 15 cm (Reznek
et al. 1990).

Differential diagnosis with other solitary renal masses
such as renal carcinoma has to be included, yet, the majority
of renal cell carcinomas show hypervascular and heteroge-
neous enhancement. The presence of vascular invasion is
also almost exclusively seen in renal cell carcinoma.
Retroperitoneal adenopathy can be present in both cases, but
tend to be much larger and confluent in lymphoma (Urban
and Fishman 2000).

1.3.5 Perirenal Disease
Perirenal involvement is usually a part of retroperitoneal
extension.
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Fig.5 Monocytoid B-cell lymphoma in an 80-year-old man. Contrast-
enhanced CT in the parenchymal phase shows besides renal involve-
ment (black arrow) the presence of an isodense to slightly hypodense
mass in the perirenal space, posterior to the inferior pole of the right
kidney (white arrow)

Isolated perirenal disease is very unusual (<10 % of
cases of perirenal lymphoma) and appears as a soft tissue
mass involving the perirenal space partially or completely
and compresses but not invades the kidney (Bechtold et al.
1996; Leite et al. 2007; Surabhi et al. 2008) (Fig. 5). The
presentation of perirenal soft tissue mass without renal
invasion and functional impairment is almost pathogno-
monic (Sheeran and Sussman 1998; Urban and Fishman
2000; Sheth et al. 2006). To differentiate the perirenal soft
tissue mass from the underlying parenchyma, contrast
administration is crucial.

Findings can yet be more limited to plaques and nodules in
the perirenal space and thickening of Gerota’s fascia (Sheeran
and Sussman 1998). These limited findings can cause a diag-
nostic problem since benign (perinephric hematoma, urinoma,
extramedullary hematopoiesis, fibrosis, amyloidosis) and
malignant conditions (sarcoma, metastases, primary renal car-
cinoma) can cause minimal changes in the perirenal space
(Urban and Fishman 2000; Sheth et al. 2006). Clinical history
and secondary findings can help in further differentiation.

1.3.6 Atypical Findings
Although very unusual, atypical findings may be observed in
each presentation form including calcification, necrosis,
spontaneous hemorrhage, cyst formation, and heterogeneous
enhancement (Heiken et al. 1983).

Heterogeneous or cystic appearance is rare and seen in
larger masses and masses with tumor necrosis in the context of
chemotherapy (Urban and Fishman 2000; Sheth et al. 2006).
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1.4 Role of Different Imaging Modalities
1.4.1 Ultrasound
Ultrasound is widely accepted as the screening modality for
renal mass lesions in patients with flank pain and functional
renal impairment. Contrast-enhanced CT and MRI are supe-
rior to ultrasound in diagnosis (higher sensitivity and speci-
ficity) and in evaluating the extent of disease.

Ultrasound has a role in guiding percutaneous biopsies
(Tornroth et al. 2003; Sheth et al. 2006) and is recommended
because of the absence of radiation.

1.4.2 Computed Tomography and Positron
Emission Tomography-Computed
Tomography (PET-CT)

Contrast-enhanced multidetector CT and PET-CT are the

golden standard in detection, staging, and follow-up of

lymphoma.

All presentation forms of renal lymphoma tend to be
hypovascular and generally show a homogeneous enhance-
ment. For optimal lesion detection, the CT must be per-
formed in the nephrographic or parenchymal (venous) phase.
In the venous phase, the cortex and medulla enhance equivo-
cally, and the risk of missing medullar lesions is minimized.
Unenhanced CT can be performed prior to contrast adminis-
tration to objectivate the lesion enhancement.

Corticomedullary or arterial phase is useful only in exam-
ining vascular involvement and excretory phase in examin-
ing collecting system involvement.

CT further enables the evaluation of disease extension in
adjacent structures and detection of other sites of nodal and
extranodal involvement. This is important in initial staging and
follow-up, because of the impact on therapy and prognosis.

In this respect, CT/PET-CT scan needs to be combined
with thoracic and/or neck CT scan.

PET is more sensitive and specific than CT in detecting
small tumor deposits (Moog et al. 1998). Attention should be
paid to lesions adjacent to the hilum because they could be
masked by FDG in the urine (Zukotynski et al. 2012).

Combination of PET and CT combines the advantages of
both techniques and at present has become routine in disease
follow-up.

CT can also be used in guiding percutaneous biopsy for
lesions difficult to access with ultrasound.

1.4.3 MRI
On MRI, the lymphoid masses are like most renal masses,
hypointense on T1-weighted images and iso- or hypointense
on T2-weighted images. There is moderate enhancement on
enhanced MRI.

Results in literature show that the MRI is equally reliable
as CT in detection and characterization of lymphoid lesions
(Lowe et al. 2000; Sheth et al. 2006).
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Diffusion-weighted imaging (DWI) may show restricted
diffusion due to the high cellularity of a lymphoma. ADC
ranges of 0,64-0,76 (x10~* mm?*/s) were suggested for a lym-
phoma in two separate studies (Wu et al. 2013; Zhang et al.
2013).

Despite these good results, CT remains the golden stan-
dard because of its cost-effectiveness, ability to evaluate the
chest, and availability.

MRI is useful in patients with iodinated contrast allergy
or renal insufficiency (Sheth et al. 2006). MRI has perspec-
tives in future for the evaluation of bone marrow
involvement.

1.5 Diagnostic Approach

Usually, the radiologic image is sufficient to establish the
diagnosis of renal lymphoma. In most cases, the diagnosis is
already known before imaging, due to nodal biopsy at initial
presentation.

When a renal lesion has characteristics suggesting
renal lymphoma, image-guided biopsy is recommended
for diagnosis and further therapeutic management (Sheth
et al. 2006).

2 Renal Sarcoma

2.1 General Features

Two subtypes are discriminated: primary and secondary sar-
coma. The secondary form is further subdivided into renal
metastases or direct extension of a retroperitoneal sarcoma.
The secondary subgroup is more frequent (Pickhardt et al.
2000). The sarcomatoid type of RCC is not included.

Renal metastases from sarcoma are very rare and are
often dependent on the location of the primary lesion.
Extremity sarcomas tend to spread to the lungs, whereas ret-
roperitoneal and gastrointestinal sarcomas often spread to
the liver (Greene et al. 2006).

Primary renal sarcoma is a very rare presentation form
of sarcoma. 1.1 % of malignant renal tumors are sarcomas
(Jenkins et al. 1971; Shirkhoda and Lewis 1987; Prasad
et al. 2005).

Renal sarcoma affects patients in their fourth to seventh
decades, with a slight male preponderance.

Patients often present with an abdominal mass, flank pain,
hematuria, and sometimes weight loss. Occasionally, renal
sarcoma is an incidental finding (Shirkhoda and Lewis 1987).

Sarcomas have high rates of local recurrence and metasta-
ses, and the prognosis is poor (Shirkhoda and Lewis 1987;
Prasad et al. 2005). Invasive surgery and chemotherapy are
usually indispensable.
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2.2 Pathogenesis

Each type of mesenchymal cell in the kidney can develop
into a different histological type of sarcoma. About 11 histo-
logical subtypes are distinguished: liposarcoma, hemangio-
pericytoma, angiosarcoma, fibrosarcoma, malignant fibrous
histiocytoma, leiomyosarcoma, rhabdomyosarcoma, Ewing
sarcoma (ES), osteosarcoma, chondrosarcoma, and synovial
sarcoma.

Leiomyosarcoma is considered to be the most frequent
type of renal sarcoma and accounts for about 50 % of the
renal sarcomas. Liposarcoma and fibrosarcoma are also
more frequently encountered (Shirkhoda and Lewis 1987;
Pickhardt et al. 2000).

2.3 Imaging Features

Again, two growth patterns are seen in sarcoma: the expans-
ile and the infiltrative growth pattern. Rhabdomyosarcoma
and angiosarcoma present more often as an infiltrative lesion,
leiomyosarcoma and the other sarcoma subtypes more often
as an expansile mass (Pickhardt et al. 2000).

Imaging is variable and depends on the nature and the
degree of differentiation of the tumor components. Sarcomas
are rapid-growing, large tumors, but these are not specific fea-
tures enabling the diagnosis. In general, renal sarcomas can-
not be differentiated from renal cell carcinomas on imaging.

Some signs can suggest a preoperative diagnosis such as a
mass that arises from the renal sinus or capsule, the absence
of extension of the mass beyond its pseudocapsule, the highly
vascularized areas, and the areas of necrosis (Shirkhoda and
Lewis 1987). Some subtypes have specific characteristics.

The MRI appearance of renal sarcomas is rarely discussed
in current literature. Sarcomas tend to be of intermediate to
hypointense signal intensity on T1-weighted MR imaging
and of intermediate to hyperintense signal intensity on
T2-weighted MR imaging (Billingsley and Restrepo 2006).

2.3.1 Liposarcoma

Liposarcoma is the most common retroperitoneal malignant
tumor (Surabhi et al. 2008). It arises from nonfat-containing
areas in the kidney such as the capsule and rarely the paren-
chyma (Shirkhoda and Lewis 1987).

Their imaging appearance is strongly dependent on their
histological subtype (well-differentiated, myxoid, round
cell, pleomorphic, and dedifferentiated subtypes).

Well-differentiated liposarcomas contain mainly macroscopic
fat. Round cell and pleomorphic liposarcomas present as a soft
tissue mass; the myxoid type has a cystic appearance, while
dedifferentiated liposarcomas can present intralesional calcifica-
tions or ossifications (Fig. 10) (Secil et al. 2005; Surabhi et al.
2008). Liposarcomas tend to be hypovascular.



Renal Lymphoma and Renal Sarcoma

637

Differential diagnosis of angiomyolipoma with lipo-
sarcoma can be difficult if the angiomyolipomas are large
and exophytic. The presence of large intratumoral vessels,
intralesional hemorrhage, sharp parenchymal defect, and
associated angiomyolipomas favors the diagnosis of an angi-
omyolipoma (Wang et al. 2002; Israel et al. 2002).

2.3.2 Hemangiopericytoma and Angiosarcoma
A hemangiopericytoma is a soft tissue vascular tumor that orig-
inates from the Zimmerman pericytes. On imaging, it presents
as a large, lobulated, well-defined, hypervascular mass, usually
with necrotic areas and calcifications. Differential diagnosis
with renal cell carcinoma is difficult. Hemangiopericytoma
often occurs in younger patients (fourth decade) than renal cell
carcinoma (Brescia et al. 2008; Surabhi et al. 2008).
Angiosarcoma is a rare tumor that arises from endothelial
cells. Renal involvement is mostly the result of metastases
from primary dermal or visceral angiosarcoma. On imaging,
it presents as a heterogeneous hypervascular infiltrative
mass. Sometimes, hemorrhage can be observed on unen-
hanced CT or MRI. Calcification can be present. The role of
carcinogens (arsenic, thorium dioxide, vinyl chloride expo-
sure) as in hepatic angiosarcoma has not been established in
renal angiosarcoma (Leggio et al. 2006; Yu et al. 2008).

2.3.3 Malignant Fibrous Histiocytoma

and Fibrosarcoma
Malignant fibrous histiocytoma is extremely rare and arises
from primitive mesenchymal cells which demonstrate both his-
tiocytic and fibroblastic differentiation. The age at presentation

ranges from the fifth to seventh decades. There is no sex predi-
lection (Kwak et al. 2003; Surabhi et al. 2008; Kim et al. 2012).
They present as a large heterogeneous mass with areas of
necrosis, hemorrhage, and local invasion (Kwak et al. 2003;
Surabhi et al. 2008). Calcification or ossification can also be
present (Secil et al. 2005). At MR imaging the mass is isoin-
tense on T1 and heterogeneously hyperintense on T2 (Kim
etal. 2012).

Fibrosarcoma is thought to originate from the connective
tissue in the renal capsule. There is no sex predilection. It usu-
ally occurs in patients older than 40 years. Prognosis is poor
with a 5-year survival rate of 10 % (Katabathina et al. 2010).

On imaging, the tumor usually presents as a large, encap-
sulated, and hypovascular mass, but cannot be differentiated
from leiomyosarcoma and (sarcomatoid) RCC. It can be dif-
ferentiated only on immunohistochemical staining of appro-
priate biopsies. Invasion of the renal vein is seen in about
40 % of the cases (Kansara and Powell 1980; Shirkhoda and
Lewis 1987; Agarwal et al. 2008).

2.3.4 Leiomyosarcoma and

Rhabdomyosarcoma
Leiomyosarcoma (Fig. 6) is the most frequent subtype of
renal sarcoma. It arises from the smooth muscle cells in the
inner layer of the renal capsule, from the smooth muscle
cells in the tunica media of small vessels in the renal paren-
chyma or of the large renal vessels (renal vein), or from the
smooth muscle cells in the renal pelvis wall. Sometimes,
leiomyosarcomas are the result of malignant transformation
of an angiomyolipoma (Lowe et al. 1992).

Fig.6 Leiomyosarcoma in a 57-year-old woman. Contrast-enhanced CT in the parenchymal phase shows a hypodense heterogeneous infiltrating
mass with central necrosis in the left kidney with extension in the left renal vein (black arrow) and the inferior vena cava (white arrow)
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The patients with a leiomyosarcoma tend to be between
40 and 70 years of age. There is no sex predilection. Prognosis
is poor with a 5-year survival rate of 29-36 % (Katabathina
et al. 2010).

On unenhanced CT, leiomyosarcomas are often hyperat-
tenuating compared to the renal parenchyma and have almost
equal attenuation values as the lumbar musculature. Tumor
calcification is present in about 10 % of the cases.
Spontaneous ruptures have been reported (Billingsley and
Restrepo 2006). Large leiomyosarcomas tend to show cen-
tral necrotic areas (Katabathina et al. 2010).

Leiomyosarcomas tend to be hypovascular on imaging,
but exceptions have been reported. It is difficult to differenti-
ate leiomyosarcoma with the benign renal leiomyoma. Most
frequently, renal leiomyomas are well encapsulated, small
cortical tumors of less than 2 cm, and originate most com-
monly from the renal capsule. Frequently, a plane is distin-
guishable between the tumor and the kidney without
parenchymal distortion. Leiomyosarcomas are larger and
less encapsulated, but sometimes, they have almost similar
imaging characteristics as their benign counterpart. In that
case, biopsy can be indispensable to obtain preoperative
diagnosis (Roy et al. 1998).

Renal rhabdomyosarcoma arises from the embryonal
mesenchyme that ultimately develops into striated skeletal
muscle (Sola et al. 2007). It is generally found in young
patients and rarely in adults. Rhabdoid tumor of the kidney is
considered as a different entity (Schmidt et al. 1982; Agrons
et al. 1997). In literature, no specific imaging features have
been assigned to renal rhabdomyosarcoma.

2.3.5 Osteosarcoma, Chondrosarcoma, Ewing
Sarcoma, and Synovial Sarcoma

Renal osteosarcoma is believed to originate from undifferen-

tiated renal mesenchymal cells.

Extraskeletal primary osteosarcoma is a rare aggressive
tumor and accounts for 4 % of osteosarcomas. The most fre-
quent locations of extraskeletal osteosarcomas are the lower
and upper extremities and retroperitoneum. Extraskeletal
osteosarcoma occurs in older patients (fourth to sixth decade)
than osteogenic osteosarcoma (Secil et al. 2005). Prognosis
is extremely poor (Katabathina et al. 2010).

Imaging shows extensive intralesional ossification or cal-
cification in a “sunburst” pattern (Fig. 7). This can be seen on
plain abdominal radiography (O’Malley et al. 1991). The
mass can show a variable grade of mineralization, but the
calcification is frequently intense and amorphous. The non-
mineralized areas have an attenuation that resembles muscle
on CT scan and intermediate signal intensity on T1-weighted
images (Secil et al. 2005). Renal osteosarcomas are fre-
quently hypervascular.

Extensive intralesional ossification or calcification
can also be seen in sarcomatoid renal cell carcinoma and
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metastatic lesion of osteogenic sarcoma (Micolonghi
et al. 1984). Other renal sarcomas such as malignant
fibrous histiocytoma and dedifferentiated liposarcoma can
also undergo extensive calcification or ossification (Secil
et al. 2005).

Renal chondrosarcoma is believed to originate from
undifferentiated renal mesenchymal cells.

Extraskeletal chondrosarcoma occurs in young patients
(second and third decade) with a female preponderance
(Gomez-Brouchet et al. 2001).

The most frequent locations of extraskeletal chondrosar-
coma are the brain, meninges, neck, trunk, retroperitoneum,
and extremities (Malhotra et al. 1984).

They are generally slow-growing tumors, but late metas-
tases can occur.

Imaging shows a large soft tissue mass with central calci-
fication (Nativ et al. 1985).

Renal Ewing sarcoma (ES) and primitive neuroectoder-
mal tumor (PNET) are considered in the WHO classification
as one entity with a spectrum of differentiation (Ushigome
et al. 2002).

Renal ES-PNET is supposed to originate from the neural
cells in the kidney or the embryonic neural crest cells that
migrate into the kidney (Clapp and Croker 1997).

Primary renal ES-PNET occurs more frequently in ado-
lescents and young adults. They are aggressive tumors with
invasion into the surrounding structures (renal vasculature,
spine) and early metastases to the regional lymph nodes,
bone, lung, and liver (Chu et al. 2008).

Imaging shows large heterogeneous tumors with some-
times ill-defined margins (Pickhardt et al. 2000). Figure 8
shows solitary renal metastasis of a primary Ewing sarcoma
of the pelvic bone.

Renal synovial sarcoma is a very rare tumor. Most often
this spindle cell malignant tumor occurs in the extremities of
adolescents and young adults. Primary synovial sarcoma of
the kidney was first reported in 1999 (Faria et al. 1999;
(Katabathina et al. 2010). The knowledge about this type of
sarcoma is limited as few case reports were published.
Prognosis is extremely poor.

CT shows a heterogeneous enhancing tumor with solid
and cystic components (Fig. 9) (Erturhan et al. 2008; Mirza
et al. 2008). At MR imaging, the lesion is heterogeneously
T2 hyperintense and T1 hypointense with areas of hemor-
rhage, fluid levels, and septation (Katabathina et al. 2010).

2.3.6 Granulocytic Sarcomas (Chloromas)
Granulocytic sarcomas (chloromas) are rare malignant
tumors of granulocytic precursors that can present in up to
10 % of patients with acute myelogenous leukemia and
rarely in acute lymphocytic leukemia.

In imaging, they present as focal hypovascular soft tissue
masses in one or both kidneys (Surabhi et al. 2008).
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Fig.7 (a—c) Renal osteosarcoma in a 51-year-old woman. Axial (a) and
coronal (b, ¢) images of a contrast-enhanced CT in the parenchymal phase
show a large heterogeneous infiltrative mass occupying the left kidney
with extensive intralesional calcification in a “sunburst” pattern. This mass
infiltrates the kidney, with partial preservation of its bean-shaped configu-

2.3.7 Kaposi Sarcoma
Kaposi sarcoma originates from the blood and lymphatic vessels.

Kaposi usually affects the skin but can affect variable tho-
racic and abdominal organs.

It was a very uncommon type of tumor till the beginning
of the AIDS epidemic.

Renal AIDS-related Kaposi sarcoma has been observed in
autopsy reports but rarely shows clinical or radiologic mani-
festations (Restrepo et al. 2006).

ration (curvilinear line form). On the other hand, the tumor also shows an
expansile growth pattern with extension beyond Gerota’s fascia (arrow-
head). The tumor also extends in the renal sinus with calcified tumor
thrombosis in the renal vein (arrow). Large heterogeneous/necrotic ade-
nopathies are depicted in the left para-aortic region (curved arrow)

24 Diagnostic Approach

If a large encapsulated renal mass with aggressive growth
pattern arises from the renal sinus or capsule, renal sarcoma
must be enclosed in your differential diagnostic list. Because
of the lack of specific signs and high resemblance with the
more frequent RCC, final diagnosis is usually made on histo-
pathologic analysis.
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Fig.8 (a—c) Renal metastasis of a pelvic Ewing sarcoma in a 26-year-old  relation with the anterior (arrowhead) and posterior renal fascia (arrow),
woman. (a) Axial contrast-enhanced CT in the parenchymal phase shows  which appear thickened. Note the thickening of the lateroconal fascia
a well-circumscribed, heterogeneous, extensively calcified mass postero-  (curved arrow). (¢) Primary site of the Ewing sarcoma in the right pelvic
lateral in the inferior pole of the left kidney. (b) The mass lies in close  bone appearing as extended heterogeneous zones of osteolysis (arrow)
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Fig.9 (a-e) Monophasic renal synovial sarcoma in a 47-year-old man.
(a) Ultrasound shows a heterogeneous, partially cystic mass in the left
renal sinus (arrow) with retro-acoustic intensification. Hydronephrosis
is absent. MRI of the kidney was performed. (b) Coronal T2-weighted
imaging and (c) axial late T2-weighted imaging show a left renal sinus
mass with central T2-hypointense nodular component (arrow) and

peripheral T2-hyperintense cystic component (curved arrow). (d) Axial
T1-weighted imaging with fat saturation before contrast administration
shows that the lesion has a mixed hyper- and hypointense signal inten-
sity. (e) Contrast-enhanced axial T1-weighted imaging with fat satura-
tion in the parenchymal phase shows an enhancing nodular soft tissue
component anteriorly in the lesion (arrow)
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Fig. 10 Liposarcoma in a 71-year-old man. Contrast-enhanced CT in
the parenchymal phase shows a hypodense heterogeneous mass in the
inferior pole of the right kidney with tumoral invasion of the proximal
right ureter (arrow) with secondary obstructive hydronephrosis
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