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Abstract

Objective: While the typical imaging features of the more
common RCC subtypes have previously been described,
they can at times have unusual, but distinguishing
features. Rarer renal tumors span a broad range of
imaging features, but they may also have characteristic
presentations. We review the key imaging features of
atypical presentations of malignant renal tumors and
uncommon malignant renal tumors.

Conclusion: Renal tumors have many different presenta-
tion patterns, but knowledge of the distinguishing MR
and CT features can help identify both atypical presen-
tation of common malignancies and uncommon renal
tumors.
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Approximately 90% of renal malignancies are renal cell
carcinomas (RCC), and 85% of these are clear cell
(ccRCQ), papillary (pRCC), or chromophobe (chRCC)
subtypes [1]. Although the typical imaging appearance of
these more common RCC subtypes has been extensively
described, at times they can have unusual features. The
remaining 15% comprises rarer renal tumors with a
broad range of possible imaging presentations. However,
despite their rarity, many have characteristic presenta-
tions. Knowledge of the atypical imaging features of
common renal tumors and the typical imaging features of
uncommon renal tumors is important not only for
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prognostic purposes and guiding management, but also
in cases where tissue sampling cannot be obtained (e.g.,
patient refusal or high-risk patients). Correctly charac-
terizing a renal lesion may eliminate the need for
underlying biopsy, or suggest alternative management,
such as renal ablation or observation. Furthermore,
knowledge of key clinical information in conjunction
with imaging features, including past medical history and
patient age, is often critical in narrowing the differential
diagnosis.

Renal tumors are a heterogeneous group, and their
classification is summarized in the 2016 World Health
Organization (WHO) scheme [2]. This article will follow
a similar organization and nomenclature to summarize
their imaging characteristics (Tables 1, 2).

Common renal malignancies

Renal cell carcinoma encompasses approximately 90% of
all renal malignancies [2]. Exposure to carcinogens,
including tobacco smoking, arsenic, and other environ-
mental exposures increases the risk of RCC. Solid
enhancing renal masses on imaging are suspicious for
RCC. Additional imaging features can help to further
differentiate among RCC subtypes, with the most com-
mon ones including ccRCC, pRCC, and chRCC. Fur-
thermore, the Bosniak classification of predominantly
cystic renal lesions helps radiologists to identify lesions
that are cystic RCCs.

Clear cell RCC

Clear cell RCC is the most common subtype of RCC,
accounting for nearly 75% of RCCs, an approximately
6:1 male-to-female predominance, and carries a prog-


http://orcid.org/0000-0001-6881-1078
http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-018-1789-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-018-1789-4&amp;domain=pdf

B. Laguna et al.: Uncommon malignant renal tumors and atypical presentation

Table 1. Common malignant renal tumors
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Tumor type Imaging features Prognosis Associations
ccRCC Heterogeneous T2 hyperintense Most aggressive VHL syndrome
Intense enhancement
Intracellular fat
Increased relative enhancement during
corticomedullary phase
Increased ADC values
pRCC Type 1 Homogeneous T2 hypointense Better prognosis Hereditary papillary RCC
Minimal enhancement syndrome
Hemosiderin
Cyst with papillary projections
Macroscopic fat within a mass that
cystic/contains calcifications
pRCC Type 2 Indistinct margins Worse prognosis Hereditary leiomyomatosis
Heterogeneity RCC syndrome
chRCC Well-circumscribed Least aggressive Birt-Hogg-Dubé syndrome

Intermediate peripheral enhancement
Central scar (40%)
Overlapping features with oncocytoma

¢cRCC clear cell renal cell carcinoma, pRCC papillary renal cell carcinoma, ¢2fRCC chromophobe renal cell carcinoma

Table 2. Uncommon malignant renal tumors

Tumor type

Imaging characteristics

Prognosis/clinical features

Multilocular cystic renal neoplasm

Collecting duct carcinoma
(Bellini)
Renal medullary carcinoma

Neuroendocrine tumor

Nephroblastic/Wilm’s tumor

Mesenchymal tumors
RCC Xpl1.2 translocation/TFE3

gene fusion (subtype of RCC)
hematopoietic/lymphoid

Metastases

Well circumscribed, cysts with serous of hemorrhagic fluid, and
pseudocapsule

Classified using Bosniak IIF to IV

Large, heterogeneous, infiltrative, often with cystic components.
Hypovascular and low T2 signal

Large and infiltrative, often centered in the medulla. Can contain
hemorrhage, necrosis, and/or calcifications. Low T2 signal

Carcinoid circumscribed, calcifications, low-level enhancement,
horseshoe kidney

Neuroendocrine carcinoma large, no necrosis, low-level
enhancement, medullary

Wilm’s circumscribed, lobulated, necrosis, calcifications, and old
hemorrhage

Nephrogenic rests perilobar vs. intralobar. Peripheral, round
low-level enhancement

Large, heterogeneous, perinephric extension

Components corresponding to precursor cells

Medullary, hyperdense, capsule sign, lymph nodes, low/heteroge-
nous T2 signal

Lymphoma S patterns (diffuse infiltration, retroperitoneal, perirenal
solitary, or multiple masses)

Leukemia nodular infiltration, nephromegaly

Bilateral, multifocal, or infiltrative

Excellent prognosis
Indistinct from cystic nephroma

Highly aggressive. Triad of abdominal
pain, flank mass, and hematuria

Sickle cell trait

Poor prognosis

Well-differentiated vs. poorly differenti-
ated

Most common renal neoplasms in
children

Highly aggressive

Aggressive, < 45 years

female predilection

Renal involvement seen in advanced-
stage

Late-stage disease, often indicating mul-
tisystemic disease

Commonly from bronchogenic carci-
noma, gastrointestinal and breast
cancer

RCC renal cell carcinoma

nosis of 44-69% survival at 5 years [3, 4]. These are
pathologically characterized by the presence of malig-
nant cells with clear or eosinophilic cytoplasm within a
vascular network [5]. Macroscopically, clear cell RCCs
are typically well-demarcated cortically based solitary
lesions, often containing a pseudocapsule. These masses
frequently contain cystic areas, necrosis, hemorrhage,
and/or calcifications. When ccRCCs extend beyond the
kidney, they may invade the Gerota’s fascia, grow into

RCC [3, 6].

the renal vein and the vena cava, and metastasize
hematogenously. Spread beyond the renal capsule or
renal vein, extension is present in up to 45% of ccRCC
cases at presentation, and accounts for 94% of metastatic

On imaging, ccRCCs (Figs. 1, 2, 3, 4) classically
present as solid masses with intense heterogeneous con-
trast-enhancement on both CT and MRI [3]. On MRI,
these tumors typically show higher T2 signal intensity
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Fig. 1. Typical features of clear cell RCC. A Axial T2W
shows heterogeneous kidney lesion (black asterisk);
B intense enhancement on axial post-contrast T1W fat-

than the normal parenchyma, and are hypo or isointense
on Tl-weighted (T1W) images [7]. Of note, the presence
of intracellular lipid, diagnosed when there is a relative
drop of signal on opposed-phase gradient echo images
compared to in-phase images, is highly suggestive of a
ccRCC [3]. Other advanced imaging techniques have also

suppressed (white arrow); C T1W in phase (white asterisk)
and D T1W out of phase show drop signal (white asterisk)
corresponding to intracellular fat.

been shown to be helpful differentiating ccRCC from
other subtypes. For example, ccRCC has been shown to
have increased relative enhancement within the corti-
comedullary phase on multiphasic MRI and CT com-
pared to other RCC subtypes [8, 9]. Additionally, DWI/
ADC has been helpful in differentiating ccRCC, with
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Fig. 2. Clear cell RCC example. A Axial post-contrast T1W
shows well-circumscribed renal mass, enhancing less than
cortex (white arrow); B Photomicrograph (original
magnification, x 200; H-E stain) shows small vessels
(black arrow) apart and big nucleus sometimes binucleated,;

ccRCC demonstrating increased ADC values when
compared to other RCC subtypes [10, 11].

Atypical presentation of clear cell RCC

Clear cell RCC develops in 25-45% of patients with Von
Hippel-Lindau (VHL) syndrome [12]. In these patients,
ccRCC are often multiple, bilateral solid masses, or com-
plex cystic tumors [13, 14]. These patients also commonly
have pancreatic and renal cysts, pheochromocytomas, and
central nervous system tumors [15] (Fig. 5).

Papillary RCC

Papillary RCC’s (Figs. 6, 7, 8,9, 10) comprise about 10%
of RCC’s, with an approximate 3:1 male-to-female ratio,
and a 5-year survival rate of 82-92% [3, 4]. pRCCs are
more often bilateral and multifocal than other RCCs
subtypes. This tumor subtype is histologically charac-
terized by a papillary or tubulopapillary architecture [7].
pRCCs are further classified into Type 1, Type 2, and
mixed tumors [16]. Type 1 tumors have papillae covered
by small cells with scant cytoplasm, arranged in a single

C Photomicrograph (original magnification, x 200; CK7
immunostain) diffusely positive on cCCR (black arrow),
differentiating from oncocytomas, D Photomicrograph
(original magnification, x 200; CD117 immunostain) positive
corroborating cCCR.

layer, and are more often multifocal. Type 2 tumors are
far less common and have a higher nuclear grade, with
eosinophilic cytoplasm and pseudostratified nuclei on
papillary cores. Macroscopically, pRCCs are character-
ized by areas of hemorrhage, necrosis, and cystic
degeneration. These tumors are prone to bleeding and
can lead to spontaneous perirenal hemorrhage [17]. Be-
cause of this propensity to bleed, pRCCs more com-
monly contain hemosiderin than other tumors, and this
imaging finding aids in their diagnosis with MRI [18].
On imaging, pRCCs usually demonstrate homoge-
nous and low-level enhancement pattern, with a lower
tumor-to-normal parenchyma enhancement ratio, when
compared to ccRCCs [3, 7, 9]. Additionally, tumor ADC
values tend to be between those found in ccRCC and
chromophobe RCC [19]. The presence of hemosiderin is
confirmed by a relative drop of signal intensity on in-
phase compared to opposed-phase gradient echo images.
Type 1 tumors characteristically present as T2-weighted
(T2W) hypointense, hypoenhancing solid masses, and/or
as a cystic mass with enhancing mural solid papillary
projections. Type 2 tumors are much less common, larger
masses with indistinct margins and heterogeneous T2W
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Fig. 3. Proven clear cell RCC. A Axial non-enhanced CT confirms the calcifications (white arrow) and B Axial CECT shows the

associated renal mass (black asterisk).

Fig. 4. Confirmed clear cell RCC. A Coronal T2W MR image
demonstrating T2 intense mass (white arrow) and B Axial
CECT showing complex cystic mass (white arrow).

signal and enhancement. However, imaging features
overlap between the two subtypes. Patients with Type 1
tumors tend to have better survival rates.

Atypical presentation of papillary RCC

Papillary RCC can have an atypical presentation in pa-
tients with hereditary papillary renal cell carcinoma
(HPRC), caused by pathogenic variants in the MET
gene, and hereditary leiomyomatosis and renal cell can-
cer (HLRCC), caused by pathogenic variants in the FH
gene [20-22]. HPRC is an autosomal dominant disease
with approximate 100% penetrance. Patients present
with early onset multifocal, bilateral type 1 papillary
tumors. HLRCC is also an autosomal dominant disease
with high penetrance, but not all patients develop RCCs.
Patients typically demonstrate cutaneous and uterine
leiomyomas, with a prevalence of RCCs estimated in
approximately 30%. These are type 2 pRCCs, usually
high grade and solitary. Rarely, pRCCs will contain foci
of macroscopic fat, which can mimic angiomyolipoma
[23, 24]. However, the diagnosis of pRCC should be
presumed when the mass also is cystic and/or contains
calcifications. The fat is thought to be from necrosis of
cholesterol laden macrophages in the pRCC.

Chromophobe RCC

Chromophobe RCCs (Figs. 11, 12) comprise approxi-
mately 5% of renal epithelial tumors and are character-
ized histologically by large pale cells with prominent cell
membranes [25]. It preferentially affects adults, with
similar incidences in men and women, and a 5-year sur-
vival rate of 44-69% [3]. These tumors are the least
aggressive of the RCC subtypes. chRCC are usually
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A Axial fat-
suppressed T2W shows multiple pancreatic cysts (white
arrow); B Axial post-contrast TIW fat-suppressed image
shows solid mass on the right kidney (white arrow); and

Fig. 5. von Hippel-Lindau syndrome.

homogeneous, well-circumscribed masses with lobulated
borders, without local extension or vascular invasion.
Importantly, these lesions have overlapping imaging and
histologic features with oncocytomas and up to 17% of
oncocytomas are hybrid oncocytic tumors containing
areas of chRCC [26, 27].

On imaging, chromophobe RCC is typically a solid,
well-circumscribed renal mass, with an enhancement

C Axial post-contrast T1W fat-suppressed imaged shows
complex cyst on the left kidney corresponding to clear cell
RCCs (white arrow).

pattern that is predominantly peripheral and more in-
tense than that seen with pRCC, though less than
ccRCC. Tumors with heterogeneous enhancement tend
to have more aggressive behavior [25]. A central scar can
be seen in chromophobe RCC, though it is not specific
and can be associated with other types of RCCs and
oncocytomas. Similarly, a specific pattern of enhance-
ment called “‘segmental enhancement inversion” has
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Fig. 6. Papillary RCC. A Axial
minimal enhancement (black asterisk); B axial fat-
suppressed T2W, demonstrating fat signal drop out (white
asterisk); C axial TIW demonstrating papillary projections

CECT, demonstrating

been described in association with oncocytomas [4, 26,
28]. This enhancement pattern is characterized by the
inversion in two distinct areas of enhancement within a
renal mass during the corticomedullary phase, which are

(white arrow); D axial pre-contrast fat-suppressed T1W,
demonstrating a T1 hyperintense rim (black arrow),
characteristic of hemorrhagic content.

subsequently inverted during the nephrographic phase.
Calcifications, cystic areas, hemorrhage, or intracellular
lipid are uncommon.
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Fig. 7. Papillary RCC type 2. Contrast-enhanced CT
images. (A) Coronal and (B) axial show heterogeneous
enhancement mass with indistinct margins (white arrows).

Atypical presentation of chromophobe RCC

Birt-Hogg—Dubé syndrome is an autosomal dominant
disorder caused by a variation in the folliculin gene.
Patients present with cutaneous fibrofolliculomas, pul-
monary cysts and spontaneous pneumothorax, and, in
15-30% of cases, renal tumors. Most RCCs are hybrid
oncocytic tumors, followed by cRCC and oncocytomas.
These may have be multiple and bilateral tumors [22, 29].
Other types of RCCs represent less than 5-10% of cases
[22].

RCC Xpll1.2 translocation and TFE3 gene
fusion

These renal masses are defined by several translocations
within chromosome Xp11.2, that results in fusion of the
TFE3 gene [30]. Translocation lesions are a rare subtype
of RCC, making up less than 3% of all RCCs, but rep-
resent 20% of renal lesions in patients less than 45 years
old. Mean survival of 2 years has been reported in adults,
while a mean survival rate of 6.3 years has been reported
in pediatric patients [31]. They preferentially affect fe-
males and are often aggressive. On histopathology,
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translocation tumors are typically carcinomas with a
combination of papillary RCC and clear cell RCC
components [30, 32, 33]. On imaging, translocation le-
sions are medullary based and mildly hyperdense on non-
enhanced CT images. On post-contrast imaging, they
exhibit a “capsule” or a thin rim of peripheral
enhancement. Additionally, because of their varied his-
tological composition, they have heterogeneous
enhancement patterns, often contain cystic or necrotic
components, and sometimes calcifications [34]. On MRI,
these lesions tend to have low or heterogeneous signal on
T2-weighted images (Fig. 13) [31].

Uncommon renal malignancies

Multilocular cystic renal neoplasm of low
malignant potential

Multilocular cystic renal neoplasm of low malignant
potential constitutes less than 1% of all malignant renal
tumors, and have an excellent 5-year survival rate of
100% [35]. They are more commonly seen in adult males,
and have not been reported to develop metastases. These
lesions are well-circumscribed masses composed of small
and large cysts filled with serous or hemorrhagic fluid,
and are separated from the surrounding renal par-
enchyma by a pseudocapsule (Fig. 14). Histopathologi-
cally, the septa that form the cysts contain large amounts
of clear cells, but without aggressive growth [36]. On
imaging, these are categorized as Bosniak IIF to IV,
depending on the thickness of septa, presence or absence
of septal or wall calcifications (seen in 20% of cases), and
the presence or absence of mural nodules [36-38]. These
tumors are indistinguishable from cystic nephromas.

Collecting duct carcinoma ( Bellini duct
carcinoma)

Collecting duct carcinomas represent less than 1% of
renal neoplasms, are highly aggressive, and more com-
monly affect adult males [39]. The median survival rate
is approximately 11 months [40]. They arise from
malignant epithelial cells thought to be derived from the
principal cells of the collecting duct of Bellini.
Histopathologic diagnosis is challenging and often one
of exclusion. This is partially due to the fact that other
renal malignancies may arise centrally from cortical
tissue of the columns of Bertin [41, 42]. Cells usually
display high-grade features and can at times have sar-
comatoid features. Patients typically present with the
triad of abdominal pain, flank mass, and hematuria
[43]. These tumors are usually large, centered in the
medulla, infiltrative (often into the renal pelvis)
(Fig. 15), heterogeneous with cystic components,
hypovascular, and have low signal intensity on T2-
weighted MR images [44, 45].
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Fig. 8. Papillary RCC. (A) Axial CECT shows hypovascular
renal mass (white asterisk); (B) photomicrograph (original
magnification, x 20; hematoxylin—eosin stain) and
(C) photomicrograph  (original magnification, x 100;
hematoxylin—eosin stain) show papillary fibrovascular cores

Renal medullary carcinoma

Renal medullary carcinomas are rare, but highly aggres-
sive and rapidly growing tumors that arise from the renal
medulla. They are almost exclusively seen in young male
patients and have been associated with sickle cell trait, and
demonstrate an overall survival rate of less than
12 months [46, 47]. They represent less than 1% of renal
lesions, and over 160 cases have been reported in the lit-
erature [48]. On histopathology, renal medullary carcino-
mas have sheets of cells with a reticular growth pattern and
adenoid cystic pathology. On imaging, renal medullary
carcinomas are large and infiltrative lesions centered
within the medulla (Fig. 16). Invasion of the collecting
system results in caliectasis [49]. They are heterogeneous,
often containing hemorrhage, necrosis, or calcifications
[50]. Renal medullary carcinomas are typically hypovas-
cular and often exhibit low T2 signal on MR imaging [50].

Renal neuroendocrine tumors

Renal neuroendocrine tumors (RNET) are rare well-
differentiated tumors, usually found in adults. Carcinoid
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with macrophages (black arrow), distinct fibrous capsule
(black asterisk), and normal kidney (white arrow);
D Photomicrograph (original magnification, x 200; H-E
stain) shows hemosiderin common in pRCC (black arrow).

is the most common type of RNET, and patients typi-
cally present with carcinoid syndrome, in addition to the
typical signs and symptoms associated with renal tumors
[51]. These lesions represent less than 1% of renal tumors,
and a review reported 73.1% of patients without evidence
of disease after treatment, with a slight prevalence of
disease among female patients [51]. They are typically
well circumscribed, have minimal enhancement, can
contain calcifications (25%). These tumors more com-
monly occur in horseshoe kidneys. A small subset of
patients develop neuroendocrine carcinomas [52]. These
tend to be poorly differentiated and aggressive when
detected. On imaging, they are large lesions centered
within the medulla, demonstrate low-level enhancement,
and often lack central necrosis in spite of their size
(Figs. 17, 18) [53]. Diagnostic confirmation can be per-
formed with PET scans that target somatostatin recep-
tors, e.g., octreotide and DOTA-TATE scans. Yet,
sensitivity may be low if the tumor is poorly differenti-
ated (Fig. 19).
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A Axial CECT
demonstrates multiple bilateral hypoenhancing masses
(white arrows) and B coronal T2W MR images show
multiple and bilateral renal masses, predominantly
hypointense on T2W and with low enhancement (white
arrows), related to HPRCC.

Fig. 9. Hereditary papillary RCC.

Nephroblastic lesions and Wilm’s tumor

Nephrogenic rests are persistent embryonal renal tissue,
found in approximately 1% of infant kidneys at biopsy
[54]. Multiple areas of persistent embryonal renal tissue
are known as nephroblastomatosis, a precursor to Wilms
tumors [24]. Rests are classified as either perilobar or
intralobar types. Perilobar rests are sharply circum-
scribed and located in the periphery of the renal lobe.
Intralobar nephrogenic rests are centrally located, poorly
circumscribed, and contain stromal elements (Fig. 20).
Both types may remain dormant, regress, or undergo
hyperplasia, and as many as 30-40% of cases will give
rise to Wilm’s tumor [54]. Hyperplastic rests are difficult
to distinguish from nephroblastoma, i.e., Wilm’s tumor.
On imaging, nephrogenic rests are focal round masses
which demonstrate poor enhancement [54]. Increase in
size and heterogeneous enhancement should raise the
suspicion of malignant transformation, i.e., nephroblas-
toma.
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While nephroblastomas (Wilm’s tumors) are overall
rare tumors, they make up 90% of pediatric renal tumors,
often presenting between 2 and 3 years, and no known
gender predilection (Fig. 21) [55]. Patients typically pre-
sent with abdominal masses detected by their parents.
They can also present with abdominal pain, hematuria,
hypertension, or abdominal crisis due to traumatic rup-
ture of the tumor. On imaging, Wilms tumors are typi-
cally solid, well circumscribed or macrolobulated, often
with necrosis, old hemorrhage, and calcifications (15%).
Invasion of the renal vein and IVC is seen in 5-10% of
patients. Overall survival rates can often exceed 85% [56].

Mesenchymal tumors

Mesenchymal tumors have benign and malignant sub-
types, and are composed of several different cell types.
These often arise from the renal capsule and are located
peripheral to the kidney. Overall, malignant mesenchy-
mal tumors are rare, representing 1-3% of all malignant
renal tumors, and include leiomyosarcoma, osteosar-
coma, rhabdomyosarcoma, synovial sarcoma, and
malignant fibrous histiocytoma [57]. All are highly
aggressive and have poor prognosis, with a 5-year sur-
vival of 29-36% [58]. On imaging, these are large
heterogeneous masses associated with aggressive fea-
tures, e.g., perinephric extension [58, 59]. The imaging
appearance of tumor components may correspond to the
precursor cells. For example, ossification may be seen in
cases of renal osteosarcomas.

Hematopoietic and lymphoid tumors

In this class of malignancies, renal involvement is more
common in patients with underlying lymphoma or leu-
kemia. In patients with secondary renal lymphoma, the
disease is already advanced, and is most commonly the
large b cell diffuse subtype (non-Hodgkins lymphoma)
[60]. Primary renal lymphoma is rare, representing less
than 1% of renal tumors, with a 5-year survival rate of
40-50%, and tends to affect males more than females [61,
62]. On imaging, lymphoma has five typical patterns of
presentation: it most commonly presents as multiple
homogeneous infiltrating renal parenchymal masses, but
can also present as a solitary mass, perirenal mass, dif-
fuse infiltration with splenomegaly, and invasion from
retroperitoneal lymph node metastasis (Figs. 22, 23) [63].

Leukemia may also involve the kidney, and some
involvement is present in 90% of patients who die from
leukemia. However, imaging manifestations of renal
involvement is detected in less than 5% of patients. On
imaging, there can be diffuse or nodular renal
parenchymal infiltration, bilateral or unilateral ne-
phromegaly from diffuse leukemic infiltration, and as
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Fig. 10. Papillary RCC. A Axial non-contrast shows renal mass (black asterisks); D coronal CECT shows cystic mass
mass with calcifications (white arrow) and macroscopic fat with solid components (white asterisk).
(black arrow); B, C axial CECT demonstrating hypoenhancing
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Fig. 11. Chromophobe RCC. A Axial CT pre-contrast and
B post-contrast demonstrate a well-circumscribed renal lesion
with central scar (white arrow), which is seen in approximately
40% of cases.

single nodules or wedge-shaped areas that enhance less
than normal parenchyma (Fig. 24) [64, 65].

Metastases

Metastatic disease to the kidney occurs in about 10% of
extrarenal malignancy cases, and typically presents in the
late stages of the primary disease, often with widespread
metastatic disease [66, 67]. Primary neoplasms that in-

Fig. 12. Birt-Hogg—Dube syndrome. A Axial CECT through
the chest shows multiple pulmonary cysts (white arrow).
B Axial CECT of the abdomen demonstrates mass with the
left kidney (white arrow) with less enhancement than cortex,
related to chromophobe RCC.

volve the kidney more commonly are bronchogenic car-
cinomas, gastrointestinal adenocarcinomas, and breast
malignancies. On imaging these masses are often small,
multifocal and/or bilateral, and they can have an infil-
trative or exophytic growth pattern, necrosis, hemor-
rhage, or calcifications depending on the type of primary
malignancy (Fig. 25) [68].
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Fig. 13. RCC XP11.2 Translocation. A Axial unenhanced CT shows hyperdense kidney lesion (white arrow); B axial delayed
CECT shows capsule sign (white arrows); C axial T2W MR shows heterogeneity with low signal areas (white arrow).
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Fig. 14. Multilocular
(original  magnification, x 20; hematoxylin—eosin  stain)
demonstrates cystic areas (white arrow); B photomicrograph
(original magnification, x 200; hematoxylin—eosin stain) with
these cystic areas lined by clear cells (white arrow). No solid
nodules.

cystic RCC. A Photomicrograph
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Fig. 15. Collecting duct carcinoma: CECT axial reformatted
image shows large and heterogeneous mass on the left
kidney, involving the renal pelvis (white arrow), and infiltrating
throughout the kidney.

Conclusion

Common renal tumors may have atypical presentations
and rare malignant tumors often can have characteristic
appearances. Recognizing these key features can aid the
radiologist in making a primary diagnosis, or trou-
bleshoot in situations where there is a diagnostic di-
lemma, particularly when tissue cannot be obtained.
Nevertheless, despite advances in the imaging charac-
terizations of these lesions, pathology remains the gold
standard in diagnosis.
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Fig. 16. Sickle cell trait patient with medullary carcinoma. A Axial and B coronal contrast-enhanced CT images show infiltrative
and hypovascular mass. Note the medullary epicenter (white arrow).
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Fig. 17. Carcinoid tumor A, B curved reformatted contrast- Fig. 18. Neuroendocrine carcinoma. A Axial CECT and
enhanced CT show poorly enhancing mass with calcification B coronal CECT show large renal mass with medullary
(white arrow) within a horseshoe kidney and associated location (white arrows), low enhancement, and lack of
retroperitoneal lymphadenopathy (black arrow). necrosis.
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Fig. 19. A, B Octreoscan of the carcinoid case (Fig. 17). Fig. 21. Wilm’s tumor. A Coronal and B axial CECT show
Increased radiotracer uptake in the liver and left iliac bone ~ macrolobulated mass on the left kidney (white arrow)
(white arrows), consistent with metastatic disease. associated with subcapsular hematoma (black arrow).

Fig. 20. Nephroblastomatosis: axial CECT shows poorly
enhancing nodules (white arrows), with low-level
enhancement.
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Fig. 22. Renal lymphoma. A Axial CECT shows solitary kidney mass with extension to perirenal fat (white arrow); B Axial and
C coronal post-contrast TIW images show solitary mass on the lower pole of the right kidney (black arrows).
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Fig. 23. Different manifestations of renal lymphoma: infiltration with nephromegaly (black arrow), and E invasion
A perirenal mass (white arrow), B multiple masses (white from retroperitoneal mass (white arrow).
asterisks), C solitary mass (black asterisk), D diffuse
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Fig. 24. Renal involvement of leukemia: coronal CECT
shows nodular infiltration of both kidneys (black arrows) that
enhance less than the normal parenchyma.
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Fig. 25. Lung adenocarcinoma. A, B Axial CECT show
mass (white asterisk) on the right lung and no lesion on the
left kidney; C coronal and D axial CECT 6 months later show
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