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Abstract

Purpose of Review Renal masses are a wide entity and a common finding in clinical practice. Detection of these masses has
increased in the last years, yet mortality rates have slightly decreased.

Recent Findings According to the World Health Organization classification, there are 8 types, 51 subtypes, and a lot more
subsequent subclassifications of renal tumors. Histopathological analysis should always be assessed for final diagnosis of theses
tumors. However, imaging can be an important diagnostic guidance. The most common diagnoses of renal tumor are clear cell
carcinoma, papillary renal cell carcinoma, angiomyolipoma, and transitional cell carcinoma. Nonetheless, a considerable variety
of particular tumors can arise from the kidney, challenging the expertise of radiologists and urologists on this subject.
Summary The awareness of these unusual entities is vital for professionals working at a complex medical facility with greater
volume of patients. We hereby present uncommon renal tumors and its pathological and radiological features.

Keywords Renalneoplasm - Renal cell tumor - Mesenchymal renal tumor - Mixed epithelial and stromal tumors - Imaging features

Introduction

Renal masses are a wide heterogeneous entity that is frequent-
ly diagnosed incidentally. The detection of small renal masses
has increased due to the broad use of imaging studies and
current higher life expectancies, becoming a very common
finding in clinical practice. It is estimated that 65,000 new
kidney cancers will be diagnosed in 2018 in the USA and
300,000 worldwide [1]. Notwithstanding the rising diagnosis
rate, mortality rates from renal cell carcinoma (RCC) have
slightly decreased in the last years [2].

The current classification of renal tumors (2016 World
Health Organization classification) list 8 types of tumor
and 51 subtypes based on cytoplasmatic, architectural, an-
atomic location, correlation with renal disease background
and molecular features. Prognosis is determined funda-
mentally by pathological stage and is favorable (80-90%
at 5 years) for most patients with localized disease (stage
[-1I). The Fuhrman grading system of renal tumors is
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recommended by the World Health Organization (WHO)
and is the most frequently used grading system in RCC
but has not been validated for most of the new subtypes of
renal carcinoma [3].

The most common diagnoses of renal tumor are clear
cell carcinoma, papillary renal cell carcinoma,
angiomyolipoma, and transitional cell carcinoma.
Nonetheless, a considerable variety of particular tumors
can arise from the kidney, challenging the expertise of ra-
diologists and urologists on this subject. The awareness of
these unusual entities is vital for professionals working at a
complex medical facility with greater volume of patients.
We hereby present the pathological and radiological fea-
tures of uncommon renal tumors.

Renal Cell Tumors
Collecting Duct Carcinoma

Collecting duct carcinoma (CDC) is an uncommon subtype of
RCC which account for less than 1% of all epithelial renal
malignancies [4]. Males are more frequently affected showing
a male-to-female ratio of approximately 2:1 and a mean age of
55 years [5, 6]. Hematuria and back pain is the most common
clinical presentation [7].
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Histologically, CDC is characterized by angulated tubules
and glands with tubulopapillary growth pattern, presence of
desmoplastic stroma with predominant lymphocytic inflam-
matory infiltrate, and intraluminal mucin production [6].
Immunohistochemically, it is reactive for vimentin and Ulex
europaeus agglutinin 1 (UEA-1), variably for high molecular
weight cytokeratin (HMW-CK), CK7 and Pax2, and negative
for CD10 and o-methylacyl-CoA racemase (AMACR).
Immunoreactivity for UEAI is a hallmark of collecting duct
carcinoma [4, 6].

Grossly, CDC typically appears as a gray-white deep med-
ullary infiltrative neoplasm and a medullary epicenter may be
seen on imaging. On ultrasound, CDC may be seen
homogenously hyperechoic, isoechoic, or hypoechoic to renal
parenchyma [8, 9]. On computed tomography (CT), it appear
as a hypoattenuating and hypovascular solid mass (Fig. 1).
T1-weighted imaging exhibits variable signal and low-signal
intensity on T2-weighted images. On MR imaging, cystic
changes with mural nodules can be seen [8]. On both CT
and MR imaging, CDC demonstrates heterogeneous necrotic,
hemorrhagic, and calcified areas. Calcification can be seen in
up to 25% of cases [8, 9].

Although most cases of RCC can be successfully treated by
surgical resection, postoperative recurrence and metastatic
disease is not uncommon. CDC is an aggressive neoplasm
with poor prognosis, and one-third of patients have metastatic
disease at presentation, and about two-thirds of patients die
within 2 years after diagnosis [5, 9].

Renal Medullary Cell Carcinoma

Renal medullary carcinoma (RMC) is a very rare RCC that
accounts for 0.5% of all renal carcinomas and arise in the renal
medulla from the renal papillae or calyceal epithelium [10].
Most frequently affects males and adolescent and young adult
population between the first and third decade of live. They
commonly presents as an abdominal mass with flank pain
and painless hematuria and less frequently with weight loss
and fever [10, 11].

Fig. 1 Collecting duct carcinoma
in a 44-year-old male with
painless hematuria. Contrast-
enhanced CT nephrographic (a)
and delayed (b) phases images
reveal a solid mass with a
punctate calcification extending
into the renal sinus and invading
the perirenal fat
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This renal tumor is highly associated with sickle cell he-
moglobinopathies, especially with sickle cell trait. It is be-
lieved that the chronic hypoxic environment of the renal me-
dulla due to red blood cells sickling induce the strong expres-
sion of vascular endothelial growth factor and hypoxia-
inducible factor [12].

Histologically, RMC is a poorly differentiated high-
grade renal epithelial neoplasm that presents a reticular
microcystic growth pattern and cribriform adenoid cystic
component with a neutrophilic infiltrate associated with a
desmoplastic and stromal inflammation [11, 13]. Presence
of sickled RBCs in the specimen is pathognomonic and on
immunohistochemical analysis, loss of SMARCBI1/INII
expression is diagnostic of RMC [10].

The right kidney is more commonly affected by
RMC and appears as an infiltrative mass extending from
the renal pelvicalyceal system [12]. On CT imaging, it
is seen as an ill-defined heterogenous hypoenhancing
renal mass in relation with the cortex and medulla
(Fig. 2) [10, 13]. The tumor extension and invasion
are better visualized on magnetic resonance imaging
(MRI) and may be seen hypointense on T2-weighted
images due to hemorrhagic foci with extensive necrotic
areas [9, 13]. Caliectasis without pelviectasis is a com-
mon characteristic finding as well as perinephric fat ex-
tension and involvement of local lymph nodes.
Metastatic disease is usually present at the time of di-
agnosis, commonly affecting lymph nodes, liver, and
lung [14e¢]. Pulmonary metastases can be secondary to
lymphangitic spread resulting in nodular thickening of
the interlobular septa and interstitial thickening, which
is specific for lymphangitic carcinomatosis. Hilar and/or
mediastinal lymphadenopathy is associated in 50% of
the cases [12].

RMC is a very aggressive tumor with poor prognosis
and most cases are diagnosed in late stages. The main-
stay of treatment is nephrectomy for localized disease
and nephrectomy with retroperitoneal lymph node resec-
tion and platinum-based chemotherapy for metastatic
disease [10, 11].
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Fig. 2 Medullary renal cell
carcinoma in a 22-year-old male
with sickle cell trait, fever, and
right flank pain. Contrast
enhanced-CT axial (a) images
reveal a large solid mass with
central necrosis (arrow) in the
interpolar region of the right
kidney. Photograph of the
sectioned mass (b) shows a
necrotic mass in the right kidney
(arrow)

Multilocular Cystic Renal Cell Carcinoma

Multilocular cystic renal cell carcinoma (MCRCC) was pre-
viously considered a subtype of clear cell RCC [15]. However,
after the 2012 ISUP (International Society of Urological
Pathology) Vancouver modification of the WHO classifica-
tion, it has been re-designated as multilocular cystic renal
neoplasm of low malignant potential given its low risk for
metastasis and tumor recurrence. MCRCC is a very rare tu-
mor, accounts to 1.5-4% of all RCCs and to 1-2% of all renal
tumors, males are more commonly affected, and have a pre-
sentation mean age of 51 years [16, 17].

MCRCC is by definition a completely cystic tumor with
absent solid mass-forming component [18]. Histologically,
MCRCC demonstrate multiple septated gelatinous or

Fig. 3 Multilocular cystic renal carcinoma in a 3 1-year-old HIV-positive
male patient with left flank pain. Contrast-enhanced CT axial (a) images
demonstrate a large cystic mass with multiple internal septations.
Different case of a 49-year-old female with left flank discomfort. Single

hemorrhagic cysts lined by flattened cuboidal cells with clear
cytoplasm. Calcifications can be found in the septa in more
than 20% of the cases [19, 20]. Chromosome 3p deletion and
von Hippel-Lindau (VHL) gene mutation has been shown in
74% and 25% of the cases of MCRCC, respectively [17].
MCRCC is commonly a unilateral solitary well-defined
mass. On CT imaging, multiple cysts with regular septations
with moderate contrast-enhancement are seen (Fig. 3) [8]. On
MR imaging, the cyst fluid signal intensity may vary depend-
ing on the content, however, commonly are hyperintense due
to the proteinaceous or hemorrhagic composition on T1- and
T2-weighted images. The capsule shows low-signal intensity
on T1- and T2-weighted imaging due to its fibrous component
[8, 19]. It is important to mention that for tumors smaller than
30 mm, imaging features are not reliable to completely

shot fast spin echo gradient T2-weighted coronal (b) and T1-weighted
contrast enhanced fat suppression (¢) images show a round cystic mass
with multiple internal enhancing thick septations
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differentiate MCRCC from other cystic lesions. Cystic renal
masses that should be in the differential diagnosis are primar-
ily cystic nephroma, extensively cystic clear cell RCC
(cRCC), clear cell variant of papillary RCC, cystic necrosis
in RCC, tubulocystic carcinoma, and mixed epithelial stromal
tumor [16, 17, 20]. However, the principal differential diag-
nosis is low nuclear grade clear cell RCC with extensive cystic
changes [15].

MCRCC is a low-grade tumor with slow indolent growth
and excellent prognosis, which can be cured surgically with
nephrectomy or partial nephrectomy and recurrence and met-
astatic disease have not been reported [16, 17, 19, 20].

Mucinous Tubular and Spindle Cell Carcinoma

Mucinous tubular and spindle cell carcinoma (MTSCC) is a
rare renal epithelial carcinoma recognized in 2004 in the
WHO classification of adult renal epithelial neoplasms [21].
Conversely to other renal neoplasms, MTSCC has a female
predilection and usually affects the adult population and pres-
ent at a mean age of 53 [22].

This is well-circumscribed encapsulated tumor, fre-
quently confined to the kidney arising from the distal
nephron, specifically from the Loop of Henle [9].
Histologically, exhibits three morphologic elements: tubules,
spindle cells, and extracellular mucinous/myxomatous stroma
[22]. Tubules are elongated, lined by small cuboidal cells, and
separated by mucinous or myxoid stroma. The spindles cells
are low-grade epithelial cells. On immunohistochemical anal-
ysis is positive for vimentin, cytokeratin 7, CD10, and p504S
[23]. Chronic inflammation, foamy cells, and hemorrhagic or
necrotic foci are uncommon [9].

On imaging, MTSCC usually presents as a solitary well-
defined exophytic or partially exophytic mass localized in the
medullary region with an expansive growth pattern [5, 24].
The tumor is seen as regular iso-attenuated or hypoattenuated
mass on plain CT imaging [5, 25]. On contrast-enhanced CT,
exhibits low enhancement pattern in the corticomedullary
phase (Fig. 4), greater enhancement degree in the excretory
phase, and maximum enhancement in the nephrogenic phase
[23]. Lesions smaller than 5 cm are homogenously enhanced
while an heterogenous enhancement pattern is seen in lesions
greater than 5 cm [22]. On MRI, MTSCC are heterogeneously
iso-to-hyperintense on T2-weighted images due to the mucin-
ous or myxomatous stroma components of the tumor. Central
high signal intensity foci in T2-weighted images may correlate
with edema, hemorrhage, or necrosis. On contrast MRI, the
tumor exhibits the same progressive enhancement pattern on
late phases seen on contrast CT imaging [24].

This renal neoplasm is a low-grade malignancy with favor-
able prognosis when on presence of typical morphology.
However, MTSCC with sarcomatoid dedifferentiation and
high nuclear grade present a more aggressive behavior with
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Fig.4 Mucinous tubular and spindle cell carcinoma in a 64-year-old male
with history of diabetes and hypertension, complaining of left flank pain.
Contrast-enhanced CT axial (a) image show fluid filled lobulated cavities
with coarse large calcifications in the left kidney mimicking
hydronephrosis

greater risk for metastatic disease, usually to regional lymph
nodes, lungs, and bones [25]. Localized tumors are treated
with partial or radical nephrectomy or percutaneous ablation
therapy. Treatment guidelines for metastatic disease is not well
established; however, there are some literature reporting re-
sponse to sunitinib [22].

Renal Oncocytoma

Renal oncocytoma is a rare benign cortical renal tumor that
account for 3% to 5% of renal epithelial neoplasms in adults
[5]. Affects more commonly the male population with a mean
age of 65 years and most cases have an asymptomatic clinical
course [26°¢].

Oncocytomas arise from intercalated tubular cells of the
collecting tubules. Macroscopically, a central scar is a feature
of oncocytoma; however, it is not specific and is only present
in 33% of the cases. Chromophobe renal cell carcinoma can
also present a central scar [26+¢]. Histologically, they are com-
promised by oncocytes which are polygonal or round-shaped
cells organized on acini and nests with eosinophilic granular
cytoplasm surrounded by a hyalinized or edematous myxoid
stroma with thin capillaries [27, 28¢].

Oncocytoma is commonly a solitary mass, however can
manifest bilaterally in 5% and be multifocal in 13% of the
cases. On ultrasound, oncocytoma shows echogenicity
similar to renal parenchymal or slightly hyperechoic with
the central scar seen as a hypoechoic area [29]. On CT
imaging, it is seen as a well-circumscribed mass, small



Curr Urol Rep (2019) 20: 5

Page 50f 18 5

tumors exhibit a homogenous contrast enhancement and
conversely tumors larger than 3 cm are usually heteroge-
neously enhanced (Fig. 5). On T1-weighted images, low
signal intensity and high signal intensity on T2-weighted
images can be seen. In about 50% of the cases, a
hypointense capsule may be seen; however, RCCs can
also have this well-defined capsule. The characteristic
central stellate scar is hypointense on T1-weighted im-
ages, hyperintense on T2-weighted images, and demon-
strate a stellate enhancement pattern [28¢]. Multiphasic
computed tomography (CT) and magnetic resonance imaging
(MRI) enhancement pattern across the three phases helps to
differentiate clear cell RCC from oncocytoma [30, 31].

Renal oncocytoma is a benign tumor with good prognosis,
but they may demonstrate aggressive local behavior by invad-
ing the renal vein and the perinephric fat. Radical nephrecto-
my is the standard of care; however, partial nephrectomy may
be considered in oncocytomas with classic imaging character-
istics [26¢e, 31].

Metanephric Tumors
Metanephric Adenoma

Metanephric adenoma (MA) of the kidney is a benign neo-
plasm that derives from renal epithelial cells. It is a rare
tumor that can present as a solid and poorly demarcated
margin mass and sometimes also with calcifications and
cystic features [32, 33].

This subtype of tumor can be diagnosed at any age and
have a slight female predilection. Metanephric adenomas ex-
hibit significant morphological and immunohistopathologic

similarities to solid papillary renal cell carcinoma, lead-
ing to misdiagnosis. The close relation with the renal
medulla can be crucial for distinguishing MA from clear
cell renal cell carcinoma. MA cells are uniform, small,
with high nuclear:cytoplasmic ratio, and show bland nu-
clei with delicate chromatin and absent or inconspicuous
nucleoli [34]. Literature suggests that MA and meta-
nephric adenofibroma arise from nephrogenic rests and
represent the benign equivalents of Wilms tumor, raising
concern for misdiagnosis [35].

On CT studies, MA tends to be a solitary, poorly
circumscribed, hypodense, or isodense mass arising from
the renal medulla with enhancement pattern lower than
the cortex and rest of the medulla in all phases (Fig. 6).
Since this entity is commonly asymptomatic, the tumor is
usually an incidental finding. Prognosis is considered
good after undergoing total nephrectomy or local resec-
tion with kidney preservation [33].

Mesenchymal Tumors
Angiomyolipoma

Angiomyolipoma (AML) is a tumor that arises from clonal
proliferation of epithelioid cells distributed around blood
vessels. Angiomyolipomas can also occur in other organs
in association with renal angiomyolipoma. They are usual-
ly asymptomatic and can be a rare finding on a normal
population, approaching 13 per 10,000 adults. However,
are much prevalent in patients with pulmonary
lymphangioleiomyomatosis or tuberous sclerosis, in which
they are often accompanied by renal cell carcinoma [36].

Fig.5 Renal oncocytoma in a 53-year-old female with right flank discomfort. Contrast-enhanced CT axial (a) coronal (b) and delayed phase, coronal (c)
images show a large hypervascular mass with punctate calcifications and a central scar (arrows) involving the right kidney
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Fig. 6 Metanephric adenoma in a 27-year-old female with abdominal
pain. Incidental CT finding on the right kidney. Plain CT coronal (a)
and contrast enhanced-CT nephrographic (b) and delayed phases (c)

AML is a lesion of the kidney that expresses melanocytic
markers including HMB-45 and Melan-A, and are comprised
of smooth muscle-like cells, adipocyte-like cells, and epithe-
lioid cells. It can be divided in two major histologic variants:
classic type, featuring abnormally thick-walled vessels that
lack a well-developed internal elastic lamina, with varied
amounts of spindle smooth muscle-like cells and adipose tis-
sue; and the epithelioid type, distinguished by the vast epithe-
lioid cells component. The epithelioid angiomyolipoma was
recently recognized as a malignant variant [37].

Typical angiomyolipomas are benign but alarming features
as nuclear pleomorphism and mitotic activity, extension into
the vena cava, and spread to regional lymph nodes must be
evaluated. The most common complication is hemorrhage
[38]. The basic feature for diagnosis on all imaging modalities
is the demonstration of macroscopic fat; however, hemorrhage
or atypical lesions containing little fat can be challenging
when distinguishing from a renal cell carcinoma (RCC)
(Fig. 7). On MRI imaging, usually AML is hyperintense in
T1-weighted images due to the fat content. In T2-weighted
images, high fat content tumors exhibit high signal intensity,
while low fat content lesions are hypointense (Fig. 8) [28¢].
Some atypical AMLs are only identified postsurgery in pa-
tients with an image suspicious for RCC [39].

Selective arterial embolization can be the treatment of
choice for acute hemorrhage cases. Surgery has been rec-
ommended for lesions suspicious for malignancy or le-
sions bigger than 4 cm (because of increased likelihood
of hemorrhage), but most typical AML radiographically
diagnosed can be managed initially with surveillance or
embolization [39].
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images demonstrate a solid mass with punctate calcifications and small
area of necrosis in the lower pole of the right kidney (arrows)

Epithelioid Angiomyolipoma

Epithelioid angiomyolipoma (EAML) is an uncommon poten-
tially malignant mesenchymal tumor. They commonly affect
the kidney; however, it can occur in the lungs, liver, pancreas,
bladder, prostate, genital tract, and bone [40]. EAML is highly
associated with tuberous sclerosis, but it can also present with-
out this disease [41]. They occur more commonly in females
and in contrast to typical AML, affect younger population [42].

Fig. 7 An hemorrhagic angiomyolipoma in a 62-year-old female with
acute abdominal pain and hypotension. Contrast-enhanced CT axial (b)
image show a complex mostly exophytic mass with areas of fat
attenuation (arrow head) and high density arising in the right kidney
(arrow)
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Fig. 8 Renal angiomyolipoma in T2-weighted MR axial (a) image is
seen as a hyperintense mass in the right kidney (arrow). Fat-suppressed
gradient echo T1-weighted without (b) and post-contrast administration

EAML represents a different histological subtype of
AML, by definition it is principally composed by at least
80% epithelioid cells [43]. Histologically, the epithelioid
cells are arranged in sheets with abundant granular eo-
sinophilic cytoplasm, vesicular nuclei, and prominent nu-
cleoli and contain few or none adipocytes and vessels
[41, 44].

In most cases, EAML presents as a solid ill-defined
solitary mass. On non-contrast CT imaging, it is charac-
teristically seen as an heterogenous hyperdense mass with-
out or minimal macroscopic fat content, and in some cases
central necrosis may be seen [41, 44] (Fig. 9). In cases of
EAML with macroscopic fat, imaging differentiation from

Fig. 9 Epithelioid angiomyolipoma in a 33-year old female with a left
abdominal mass. Contrast-enhanced CT axial image show a
heterogeneous solid mass with large internal tortuous vessels (arrow)
involving the left kidney

(c) images depicts suppression of the fat in this mass (arrows). Note the
extension of this tumor into the inferior vena cava (arrowheads in a and ¢)

typical AML may be challenging and can be indistinguish-
able [45]. On contrast-enhanced CT imaging, they exhibit
rapid wash-in and slow wash-out enhancement pattern
[42]. On contrast-enhanced ultrasound (CEUS), heteroge-
neous early hyperenhancement in the corticomedullary
phase and late iso-enhancement in the nephrographic and
excretory phases have been reported [46].

On MRYI, it is seen as a large exophytic mass with low-
signal intensity on T2-weighted images and may demonstrate
macroscopic or microscopic fat with enlarged vessels and
hemorrhagic areas [44, 47].

The mainstay of treatment is radical nephrectomy and
neoadjuvant or adjuvant targeted therapy with Everolimus
to inhibit the mTOR pathway may be considered [48]. In
contrast to AML, EAML presents a more aggressive be-
havior; it can locally extend or invade the renal vein, in-
ferior vena cava, or regional lymph nodes; it may recur
after surgical resection or present distant metastasis, more
frequently to lungs and liver [28, 41]. The degree of ep-
ithelioid cell atypia, high and atypical mitotic activity, and
presence of necrosis are highly associated with aggressive
clinical behavior [43, 45, 48].

Inflammatory Myofibroblastic Tumor/Inflammatory
Pseudotumor

Inflammatory myofibroblastic tumor (IMT) is a rare be-
nign type of myofibroblastic tumor, given that exhibits
clinical and imaging features similar to malignant neo-
plasms it is also known as inflammatory pseudotumor.
IMT is more common in males and it can affect young
and adult population. This tumor can affect almost any
organ; however, it frequently occurs in lungs,
retroperitoneum, hepatobiliary tract, gastrointestinal tract,
head and neck, and rarely in the urogenital tract and soft
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Fig. 10 Inflammatory pseudotumor (myofibroblastic tumor) in a 62-year-
old male with left flank pain and hematuria. Contrast-enhanced CT axial,
arterial (a) and delay (b) phases and sagittal arterial (c) and coronal (d)

tissues [49—51]. The urethra and the bladder are the most
common sites affected in the urogenital tract, and it is
extremely rare that it arises in the kidney [52].

Histologically, it is a tumor comprised of differenti-
ated myofibroblastic spindle cells, with inflammatory
cells infiltration with lymphoplasmacytic infiltrates and
myxomatous stroma. On immunohistochemical analysis,
it demonstrates expression for vimentin and smooth
muscle actin [49, 53].

On ultrasound, IMT is seen as a hypoechoic renal mass and
may demonstrate regular or irregular borders. On Doppler, it
may show increased vascularity [51]. On CT imaging, it is a
homogenous or heterogenous hypodense renal mass (Fig. 10).
On MR, it is iso-intense on T1-weighted images and exhibits
iso-to-low-signal intensity on T2-weighted images. After con-
trast administration, it demonstrates heterogenous enhance-
ment pattern on CT and MRI imaging, likely due to its fibrous
content [49, 51, 53]. The standard of care is radical or partial
nephrectomy and local recurrence and metastatic disease can
be seen in some cases [53, 54].

images reveal a hypoattenuated mass with irregular focal wall thickening
in the lower pole of the left kidney

Renal Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) is the most common soft tissue
sarcoma in pediatrics, representing 5% to 10% of all solid
tumors in children [55-57]. Primary renal RMS on the other
hand is considered extremely rare and has aggressive features
like other primary renal sarcomas [58].

RMS can be classified into four major groups, accord-
ing to the WHO: embryonal RMS (ERMS), alveolar RMS
(ARMS), pleomorphic RMS (PRMS), and spindle
cell/sclerosing RMS (SRMS) [59]. There are two subsets
of embryonal RMS: standard histology and botryoid his-
tology. In children, renal pelvic involvement raises a big-
ger possibility of a primary RMS [60]. Grapes appearance
of the tumor in the renal pelvis should raise the suspicion
of embryonal renal rhabdomyosarcoma. Review of the lit-
erature revealed only 23 cases of primary renal RMS.
Most of the reported cases consist of embryonal type and
other few are of pleomorphic and alveolar subtype or un-
differentiated sarcomas [59].

Fig. 11 Renal rhabdomyosarcoma in a 71-year-old male with hematuria
and shortness of breath. Contrast-enhanced CT coronal arterial (a) and
venous (b) phases images demonstrate an infiltrative low attenuation
mass involving most of the right kidney and extending into the lumen
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of'the inferior vena cava (arrow). Contrast-enhanced CT axial (¢) image of
the chest, reveal the presence of a tumor thrombus in the right atrium
(arrowhead)
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On imaging, renal rhabdomyosarcoma may appear as a
well-defined expansile mass or as a diffuse infiltrative mass.
However, its imaging characteristics are not specific and in-
distinguishable from RCC, renal adenocarcinomas, or other
sarcomas (Fig. 11) [8].

Treatment of rhabdomyosarcoma involves complete resec-
tion with margin consisting of 0.5 cm circumferentially or an
uninvolved fascial margin. Children with rhabdomyosarcoma
usually present with localized disease, and with the current
multimodality treatment protocols, a cure rate of more than
70% can be achieved [57].

Ewing Sarcoma

Ewing sarcoma comprises 10-15% of all bone sarcomas
and is the second most common malignant tumor of the
bone. On the other hand, primary Ewing sarcoma (PES) of
the kidney, first described in 1975 by Seemayer et al., is
an extremely rare entity, with isolated case reports docu-
mented on the literature [61].

PES of the kidney belongs to the family of primitive
neuroectoderm tumors (PNETs). Translocation of
#(11;22)(q24;q12) in cases of Ewing’s sarcoma, PNET, and
Askin’s tumor support the hypothesis that these tumors are
related. Histologic features are small round cells with high
nuclear to cytoplasmic ratios that are arrayed in sheets [62].

It is usually an aggressive tumor which usually occurs in
young adults between 20 and 30 years old. Males are more
affected on a ratio of 3:1 (male:female) [63]. Clinical features
are usually abdominal/flank pain or hematuria. Computed to-
mography usually shows renal masses and areas of necrosis
and hemorrhage (Fig. 12).

The diagnosis is made based with immunohistochemical
markers CD99, FLI-1, and WT1. Other small blue round cell
tumors must be ruled out before making the diagnosis. PES of
the kidney typically has poor response to therapy, with a 5-
year disease-free survival of 45% to 55% [64—66].

Fig. 12 Ewing’s sarcoma of the
kidney in a 29-year-old female
with abdominal pain. Contrast-
enhanced CT axial (a) and
coronal (b) images show a large
heterogeneous solid mass
involving most of the left kidney.
Note the mass effect of this mass
in the celiac and mesenteric
arteries and abdominal aorta
(arrows)

Mixed Epithelial and Stromal Tumors
Mixed Epithelial and Stromal Tumor

First described by Michal and Syrucek in 1998, this tumor of
the kidney is composed of a mixture of stroma and epithelium
with solid and cystic architecture. It has been also previously
described under many other nomenclatures because of the big
spectrum of this entity [67].

Mixed epithelial and stromal tumor (MEST) usually pre-
sents in perimenopausal woman around 45 years old with
nonspecific urinary symptoms. This neoplasm is biphasic
and has both epithelial and spindle cell elements; the epithelial
feature consists of clusters of tubules lined by flattened to
cuboidal epithelium plus eosinophilic cytoplasm and a hob-
nail appearance; the mesenchymal portion usually resembles
ovarian stroma [21, 68].

On CT imaging, MEST can present as a well-
circumscribed, multiseptated cystic and solid mass with de-
layed contrast material enhancement (Fig. 13). Since it is a
rare entity, features of MEST on ultrasound and magnetic
resonance are poorly described, with a few cases in which
appeared as a heterogeneous hyperechoic mass at US and as
a solid and cystic mass with heterogeneous enhancement on
MR imaging [69]. Most of these tumors have a benign pro-
gression, but rare malignant transformation has been reported
in the literature. Therefore, intraoperative frozen section may
be performed to a margin assessment, when a partial nephrec-
tomy is in course.

Multilocular Cystic Nephroma

Multilocular cystic nephroma (MLCN) is a benign slow-
growing tumor of the kidney and is considered infrequent
within the renal tumors spectrum. According to Gallo and
Pechansky, multilocular cystic nephroma can be found in
2.4% of the primary renal tumors [70].
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Fig. 13 Mixed epithelial and
stromal tumor (MEST) in a 32-
year old female with right flank
discomfort. Contrast-enhanced
CT axial (a) and sagittal (b)
images show a large cystic mass
in the right kidney with multiple
internal septations compressing
the collecting system

Nonspecific urinary tract symptoms in the adult and ab-
dominal mass in the child are the most common symptoms
of the disease. It is considered a mixed epithelial-stromal tu-
mor of the kidney that most often occur in young children and
adults in middle age, with a predominance of males and post-
menopausal women [71].

They are typically well-circumscribed by a thick, fibrous
capsule on gross inspection and can compress the adjacent
renal parenchyma. The disease can be misinterpreted as ag-
gregates of simple retention cyst, multicystic kidney, or poly-
cystic disease. However, typical epithelial lined cystic spaces
and mesenchymal stroma are invariably present on MLCN
tumors [72].

Radiology is imperative in guiding the diagnostic process.
MLCN presents as a unilateral mass with irregular cysts and
septa of variable thicknesses. The findings usually correspond
to a category III Bosniak classification of renal cystic masses.
To suggest a benign disease, the absence of solid components
and vascular abnormalities and the presence of homogeneous

Fig. 14 Multilocular cystic
nephroma in a 18-year old female
with right flank pain. Ultrasound
sagittal (a) shows a multiseptated
mass in the right kidney (arrows).
Contrast-enhanced CT axial (b)
image demonstrate the presence
of a complex multiseptated mass
in the upper pole of the right
kidney

@ Springer

renal parenchyma must be present. On CT, MLCN appears as
a well-circumscribed cystic mass with several hypoattenuated
components and no contrast excretion into the cystic compo-
nents (Fig. 14) [71].

The possibility of multilocular cystic renal cell carcinoma
cannot be definitely excluded without histologic analysis, there-
fore surgery must be indicated. Because of its benign nature,
this lesion can be best managed by a nephron sparing surgery.
Long-term follow-up is encouraged even with lack of literature
evidence of local recurrence or metastatic disease [73].

Miscellaneous Tumors
Wilms Tumor
Wilms’ tumor accounts for 6% of all pediatric malignancy and

is the most common renal tumor in kids with an overall annual
incidence of 8.1 per million children in North America [74].
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One-third of the cases can be associated with either singly
or in combination mutations of Wilms tumor 1 (WT1), Wilms
tumor gene on the X chromosome (WTX; also known as
FAM123B and AMER1), 3-catenin (CTNNBI1), and TP53
[75]. Wilms tumor can also occur as a part of a multiple mal-
formation syndrome in approximately 10% of cases, including
WAGR, Denys-Drash, and Beckwith-Wiedemann syndromes
[76]. High-risk patients should be screened with serial abdom-
inal ultrasonography [77].

Wilms tumor is typically surrounded by a pseudocapsule and
may include cysts, hemorrhage, or necrosis. Histologically,
Wilms tumor is comprised of three cell types: blastemal cells
(undifferentiated cells), stromal cells, and epithelial cells.
Anaplasia is associated with poor outcome [78].

On imaging, Wilms tumor is seen heterogeneously
echogenic on ultrasound. On CT imaging, it may appear as a
heterogenous solid mass with calcifications and fat (Fig. 15).
On MRY], it is hypointense on T1-weighted images and hyper-
intense on T2-weighted images [79].

Ninety-five percent of cases are diagnosed by 10 years of
age. Bilateral tumor cases present ~ 12 months earlier than uni-
lateral cases and are rarer. Only a few cases of nephroblastoma
in adults have been described in literature (about 3% of all
described cases), making it a rare condition [80, 81].

National Wilms Tumor Study is a staging system based
upon surgical evaluation prior to the administration of chemo-
therapy [82]. Patients with advance disease can undergo an
upfront biopsy and receive nephrectomy chemotherapy [83].
The discovery of the tumor’s radiosensitivity and chemother-
apy agents has resulted in a striking improvement in survival
rate to 90% [82].

Renal Teratoma

Teratoma is a germ cells neoplasm that arises from pluripotent
cells and can differentiate into other embryonic germ lines.

Fig. 15 Wilms tumor in a 21-year-old female with right flank pain.
Contrast-enhanced CT axial (a) and coronal (b) images demonstrate a
large hypoattenuating solid mass involving the right kidney. Note the

The component tissues of this type of tumor can range from
immature to well differentiate and are foreign to the anatomic
site in which they are found. They commonly arise in the
gonads and the predominant extragonodal location is the
retroperitoneum, making the renal teratoma an extremely rare
condition [84].

The majority of the renal teratomas are known to occur in
childhood; even more uncommon is their presentation in
adults [85]. Only a few cases of renal teratoma have been
described in literature. Majority of these cases could either
be a Wilm’s tumor with teratoid features or a renal extension
of retroperitoneal teratoma [86]. Teratomas are usually solid
and avascular but a cystic teratoma may be confused with
cystic lesions of the kidney [87].

On CT imaging, teratomas are heterogenous solid or mixed
solid-cystic masses with calcifications and low-density areas
corresponding to fat (Fig. 16). On MRI, cystic components
demonstrate low signal intensity on T1-weighted images and
high signal intensity on T2-weighted images. Teratomas may
show peripheral high signal intensity foci on T1-weighted
images and low signal intensity on T2-weighted images which
correlate with proteinaceous or hemorrhagic components.

The majority of patients have a benign clinical course;
however, it is difficult to assess the natural history of teratoma
occurring in adults because metastatic spread from well-
differentiated extrarenal teratomas has been observed in some
cases, leading to worsening of prognosis. Therefore, hence
complete excision is totally justified. A thorough search for
an extrarenal source of the RT is imperative, regardless of the
histologic maturity of the elements of the tumor.

Renal Lymphoma

Primary renal lymphoma is very rare; it accounts to less
than 1% of extra nodal lymphomas, but kidneys are the
most common affected organ of extra nodal involvement.

extension of this tumor into the inferior vena cava (arrow). Axial chest
CT image (c) reveals multiple pulmonary metastases
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Fig. 16 Renal teratoma in a 58-year-old female complaining of
abdominal pain. Contrast-enhanced CT coronal image show a small
mass of low attenuation with coarse calcifications (arrow) in the lower
pole of the right kidney

Secondary lymphoma renal involvement usually results
from hematogenous spread or contiguous extension from
retroperitoneal lymph nodes [26¢°, 88]. Frequently affects
immunocompromised population, and the more common

Fig. 17 Spectrum of imaging
appearances of renal lymphoma
on contrast-enhanced CT axial
images. Renal lymphoma may
present with enlarged kidneys
with multiples round
hypoattenuated masses (a) or as a
hypoattenuated mass with diffuse
infiltration of the renal
parenchyma (b). In other cases, it
can present as a perirenal soft
mass associated with multiple
retroperitoneal nodes (c) or as a
perirenal mass extending into the
renal parenchyma as seen in this
coronal image (d)
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types are large B cell non-Hodgkin lymphoma and Burkitt
lymphoma [89].

Grossly is a fleshy, firm, yellow to gray tumor presenting as
solitary or multiple masses, with perinephric extension or with
local or diffuse kidney infiltrative disease [13, 26°¢].

Large masses present central hemorrhage and necrosis.
Histological features include uniform cells with prominent
nuclei and scant cytoplasm. Burkitt lymphoma shows uniform
medium basophilic cells with clear histiocytes giving the clas-
sic “starry sky” pattern [14ee].

On imaging, lymphoma commonly presents as multiple
bilateral homogenous masses with hypoechoic appearance
on US imaging with posterior acoustic enhancement, and
can be easily confused with renal cysts [8]. On CT imaging,
it demonstrates low attenuation and a weak enhancement after
contrast administration (Fig. 17). On T1- and T2-weighted
images, it has low to intermediate signal intensity and high
signal intensity on DWI. After gadolinium administration, it
shows less enhancement than the renal parenchyma; however,
on delayed phase, some lesions may exhibit progressive en-
hancement [14e¢, 89, 90]. Less commonly may present unusu-
al imaging findings like necrosis, cystic changes, hemorrhage,
and calcifications. PET/CT is the modality of choice for stag-
ing and treatment response evaluation [8, 90].

The main stay of treatment of a renal mass is nephrectomy;
however, renal lymphoma is treated with chemotherapy with
cyclophosphamide, hydroxydaunorubicin, oncovin, and
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Fig. 18 Renal gastrinoma in a 24-year-old male with intractable duodenal
ulcers. An incidental mass in the left kidney was found by MR. Single
shot fast spin echo T2-weighted coronal (a) and fat-suppressed T1-

prednisone (CHOP) regimen with rituximab for CD20-
positive non-Hodgkin lymphoma. Primary renal lymphoma
is a malignancy with very poor prognosis with 1-year mortal-
ity rate of 75% [8, 91].

Metastatic Tumors
Renal Gastrinoma

Gastrinomas are the most common cause of Zollinger-
Ellison syndrome and are usually found at the gastrinoma
triangle. It is also highly associated with multiple endo-
crine neoplasia type 1 (MEN-1) and can be multicentric.
Ectopic gastrinoma have been reported in the literature; how-
ever, renal gastrinoma is an extremely rare disease with only
few cases described [92, 93]. Immunocytochemical analysis
reveals gastrin-positive tissue. Somatostatin receptor scintig-
raphy is a sensitive method for detection of the tumor in pa-
tients with hypergastrinemia. A selective renal vein gastrin
assay may be used to establish the diagnosis in difficult cases,
in addition to renal mass findings on CAT scan [93]. On CT
imaging, it can present a central hypodense area, but because
of the lack of typical radiographic and cytological findings,
preoperative diagnosis is impossible in most cases (Fig. 18).
However, this diagnosis should be considered in all patients
with high gastrin levels and a solid mass in the kidney [93].

Fig. 19 Renal metastasis form
small cell carcinoma of the lung.
Contrast-enhanced CT axial (a) of
the chest and abdomen images
reveal a soft tissue mass in the left
upper lobe involving the
mediastinum and encasing the
adjacent vessels (a) and a
heterogeneous well-
circumscribed mass involving the
right kidney (b)

weighted image after the administration of intravenous contrast arterial
(b) and delayed (¢) images demonstrate a round heterogeneous
hypervascular mass with a thick capsule in the left kidney (arrows)

Metastases to the liver are frequent finding for sporadic
gastrinomas outside the gastrinoma triangle supporting the
notion that these gastrinomas behave differently from those
found within the gastrinoma triangle. This is based on the
theory that a fetal cell is present in the adult and is being
implicated in tumor (gastrinoma) formation. Nephrectomy is
usually curative in this type of tumor [93, 94].

Renal Metastasis

Metastatic disease to the kidney is the most common
renal malignancy with a reported prevalence of 48% in
autopsy studies of patients who died secondary to a
malignancy cause. Renal metastases represent the fifth
most affected organ from hematogenous spread [95].
About 2-5% of small renal masses are metastasis from
a non-renal primary malignancy [96].

Primary tumors that most commonly metastasize to the
kidney are lung (Fig. 19), breast, gastrointestinal tumors, and
melanoma and less commonly female genital tract, head and
neck, colon (Fig. 20), and prostate cancers [26¢¢, 95].

Usually, renal metastases present as multiple or bilateral ill-
defined lesions with infiltrative growth pattern usually in the
zone between the renal cortex and medulla. Infrequently, they
present as solitary lesions with exophytic pattern, which may
be confused with RCC [26°e, 95, 97].
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Fig. 20 Renal metastases from
squamous cell carcinoma of the
larynx. Fused PET/CT axial (a)
image shows intense FDG uptake
in a laryngeal mass. Contrast-
enhanced CT coronal (b) image
demonstrate a large infiltrative
mass involving the upper pole of
the right kidney. Renal metastases
from granulosa cell tumor of the
ovary. Contrast-enhanced CT
coronal (¢) image demonstrate a
heterogenous mass involving the
upper pole of the right kidney.
Renal metastases from colon
carcinoma. Contrast-enhanced
CT axial (d) images reveal
multiple low attenuation masses
involving the right kidney
(arrows)

On CT imaging, they exhibit low attenuation in comparison to
the renal parenchyma; however, metastases from melanoma and
breast cancer may be hypervascular [95, 97]. CT is a very useful
and sensitive imaging modality for detection of renal metastases,
given its capability to detect small renal masses, metastatic ex-
tension evaluation, and enhancement characterization [98].

Percutaneous biopsy must be considered in a renal mass
for histologic confirmation to differentiate a primary renal
tumor from renal metastatic disease in order to determine
the appropriate treatment [99].

Fig. 21 Renal sarcoid in a 48-year-old African-American patient with
hypertension and hepatosplenomegaly. Contrast-enhanced CT axial (a,
b) images reveal multiple small lesions of low attenuation involving the
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Others Tumors
Renal Sarcoid Mass

Sarcoidosis is a multisystem granulomatous disorder char-
acterized by the presence of noncaseating granulomas and
affects mainly the lungs. It typically occurs in young adults
and can involve all organ systems to a varying extent and
degree. Extrapulmonary sarcoid can be present up to 30%
of patients [100].

liver and the spleen (a). In addition, a large heterogeneous mass in the left
kidney (b) (arrow). Histologic analysis (¢) revealed noncaseating
granulomas consistent with sarcoid
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Pseudotumoral renal sarcoidosis is a rare tumor and
can present diversified imaging features. Ultrasound im-
aging was documented as both hyper- and hypoechoic
patterns as well as enhancing and non-enhancing masses
on CT (Fig. 21). They can also present not only as a
single rounded mass but also as multiple wedge-shaped
lesions on CT [101].

The diagnosis of sarcoidosis is supported by histologic
findings. It is usually a diagnosis of exclusion, since
noncaseating granulomas with epithelioid cells and large,
multinucleated giant cells are features found in other inflam-
matory processes such as tuberculosis, histoplasmosis, and
fungal infections [102].

There are reports on the literature of that resolution
of radiologic findings were found with the use of con-
tinued prednisone therapy. However, there are no
evidence-based findings to support the therapy except
for renal function maintenance [102]. It is essential that
radiologist be attentive of sarcoid lesions of the kidney
in individuals with a renal mass because treatment can
change substantially.

Conclusion

Renal masses are a common finding in clinical practice.
Detection of these masses has increased in the last
years, yet mortality rates have slightly decreased. A
considerable variety of particular tumors can arise from
the kidney, challenging the expertise of radiologists and
urologists on this subject. Histopathological analysis
should always be assessed for final diagnosis of these
tumors. However, imaging can be an important diagnos-
tic guidance until therapy of choice. Clinical and imag-
ing features can include differential diagnosis and must
always be assessed for better patient treatment. The
awareness of these unusual entities is vital for profes-
sionals working at a complex medical facility with
greater volume of patients.
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