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ABSTRACT
The widespread use of abdominal imaging techniques has increased the detection of solid renal masses over the past
years. Imaging plays a crucial role in the management and surveillance and in determining which lesions need treatment.
The “classical angiomyolipoma” is the only benign solid renal mass that can be characterized with confidence by imaging
through the detection of a fat-containing lesion without calcifications. There is a large overlap of imaging features
between benign and malignant renal masses that often makes difficult a correct characterization of these lesions. In this
review, we discuss the imaging features of the main solid renal masses that may suggest a likely benign diagnosis.

INTRODUCTION
The widespread use of abdominal imaging techniques over
the past decades has led to an increase in diagnosis of incidental ﬁndings such as solid renal masses.1 These lesions
are often identiﬁed as localized small lesions in asymptomatic patients and mostly treated with nephrectomy or partial
nephrectomy. However, non-oncologic mortality in patients
with small renal tumours has increased in the past years,
thereby arguing for a reassessment of the current treatment
strategy.2 Thus, imaging may play a crucial role in the
management, surveillance and choice of lesions that need
treatment.3 Ultrasound is useful to assess the cystic nature of
the lesions, but it has low sensitivity for small masses and is
operator dependent. CT is the imaging technique of choice
for diagnosis and pre-operative evaluation of renal masses.
MR may be helpful to better characterize such masses. The
main objective of imaging is to detect the renal mass and to
distinguish whether it could be benign or malignant. The
ﬁrst step is to evaluate if it is a true renal mass or a condition
that may mimic it such as prominent column of Bertin,
lobar dysmorphism, vascular anomaly or other ﬁndings that
may cause a mass-like enlargement, such as trauma, haemorrhage, infarction and infection, which are usually associated with a particular clinical history. The second step is to
determine whether the lesion is a cyst or not. Half of patients
over the age of 50 years have at least a renal mass that is in
most cases a simple cyst.3 Cysts usually have water attenuation with an attenuation value between 0 and 20 Hounsﬁeld
units (HU) on non-enhanced CT (NECT) and do not enhance after contrast administration. It is possible to see

a “pseudoenhancement”, an increase in attenuation between
10 and 20 HU as a result of beam hardening, that is correlated with the central location and size (,1 cm).3,4 A solid
renal mass with an attenuation value .20 HU on NECT can
be benign or malignant. Many studies have shown that most
renal cell carcinomas (RCCs) have attenuation between 20
and 70 HU on NECT, therefore an incidental detection of
renal masses that contain non-calciﬁed regions with HU
values in this “danger zone” needs further investigation.5,6
Although renal masses that have a homogeneous density on
NECT of .70 HU are haemorrhagic cysts in the 99% of
cases, they may also have a density ,70 HU.7 In this review,
we discuss the imaging features of the main solid
renal masses.
BENIGN RENAL MASSES
Angiomyolipoma
Angiomyolipoma (AML) is the most common benign solid
renal neoplasm. 80% is sporadic, whereas 20% is associated
with tuberous sclerosis or with lymphangioleiomyomatosis.8 AML belongs to the family of perivascular epithelioid cell tumours that are histologically composed of
varying amounts of three elements: mature adipose tissue,
dysmorphic blood vessels and smooth muscle components.9 The “classical AML” contains a signiﬁcant amount
of fat, and for this reason, it is markedly hyperechoic on
ultrasound.10 However, a conﬁdent diagnosis requires the
identiﬁcation of fat through CT or MR; indeed, the RCC
may be also hyperechoic on ultrasound. On NECT, fat
areas within the lesions show attenuation value ,210 HU.
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Figure 1. Angiomyolipoma (AML) in a 63-year-old female. Axial T1 weighted in-phase (a) and out-of-phase (b) gradient recalled echo
images show an hyperintense left-renal AML with the presence of “india ink artefact”, seen as an interface between the AML and the
kidney. The AML shows intermediate signal intensity on axial T2 weighted fast spin echo image (c) with a loss of signal on axial T2
weighted fat-saturated image (d). Axial CT images acquired before (e) and after (f) intravenous contrast administration
demonstrate the typical features of AML appearing as a fat-containing renal lesion with no calcifications.

MR is a useful technique to identify fat components of the
lesions through frequency selective fat suppression and chemical
shift suppression. However, the ﬁrst may not detect small
amounts of fat while chemical suppression MR cannot distinguish cells containing fat of clear cell RCC (ccRCC) from small
amount of fat cells in AML.11 Conversely, the presence of “india
ink artefact”, also called “black boundary artefact”, is indicative
of AML. It is seen on chemical shift MR like an interface between AML and the kidney3,12 (Figure 1). Therefore, as well as
AML, ccRCC can contain fat components, and most reported
cases of ccRCC with intratumoural fat also contain calciﬁcations. Thus, a conﬁdent diagnosis of AML requires that a fatcontaining renal mass does not contain calciﬁcations.11 Unfortunately, approximately 5% of AMLs are “fat-poor AML”.11
These AMLs show a small amount of fat that could not be
detected using NECT or MR. For this reason, sometimes, it is
necessary to perform a percutaneous biopsy or partial nephrectomy in order to obtain a correct diagnosis. Most fat-poor
AMLs are hyperattenuating on NECT13 with washout kinetics
after contrast agent administration and show T2 hypointensity
on MR. Furthermore, chemical-shift MR is not useful to characterize these masses for the signiﬁcant overlap with ccRCC.14
Several studies focused their attention in detection of
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microscopic fat through texture analysis, with mixed results;
moreover, texture analysis is not widely available.15 A dangerous
complication of AML is its spontaneous rupture with massive
retroperitoneal haemorrhage, especially if the tumour is
.4 cm16 (Figure 2). The tumour size is a good predictor of
rupture but its speciﬁcity is not high, whereas intratumour
vessel size has higher speciﬁcity with the same sensitivity of
tumour size. Indeed, it is less likely that AMLs .4 cm with few
and small vessels can spontaneously haemorrhage than those
with multiple and large vessels with or without aneurysms
(.5 mm).16 There is still a correlation between tumour size and
intratumour vessel size, probably because the increased blood
ﬂow related to tumour growth leads to vessel dilatation and
occurrence of aneurysms.16 Small AMLs usually do not require
any treatment and imaging follow-up is recommended to assess
their size changes, whereas larger ones can be embolized or
surgically resected.11
Oncocytoma
Oncocytoma is the second most common benign renal mass
after AML, and it represents 3–7% of all renal tumours.17,18
Although it is a benign lesion, vascular invasion, generally
considered a histological sign of malignancy, may be observed in
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Figure 2. Rupture of angiomyolipoma (AML) in a 66-year-old female. Axial unenhanced (a), corticomedullary phase (b) and
nephrographic phase (c) CT images show a left-renal AML with intratumoural and perinephric high-attenuating material suggestive
of haematoma caused by the rupture of the AML. Contrast-enhanced CT images (b–c) easily demonstrate the source of active
bleeding (arrows).

,2% of excised oncocytoma specimens.19 In most cases, they are
incidentally discovered and have peak incidence in the seventh
decade of life.9 On ultrasound, it usually appears as solitary
isoechoic or hypoechoic mass; a rich blood ﬂow signal may be
observed in the periphery of the mass using colour Doppler,
whereas a strip-like blood ﬂow signal can be found within the
lesions.20 Contrast-enhanced ultrasound enables performance
a real-time observation of tumour vascularization, and oncocytoma usually shows as early enhancement and a fast washout
compared with the adjacent renal cortex.20 On CT, oncocytoma
usually appears as a well-circumscribed lesion with homogeneous enhancement and a central stellate scar, without calciﬁcations, necrosis or haemorrhage (Figure 3). All these imaging
features are considered non-diagnostic for the signiﬁcant overlap
with RCC.21 On MR, oncocytoma appears as a well-deﬁned
homogeneously hypointense mass compared with the renal
cortex on T1 weighted (T1w) sequences and isointense or hyperintense on T2 weighted (T2w) sequences; it depends on the
differences in cellularity. CT and MR images acquired after
contrast agent administration show homogeneous enhancement
of the lesions.22 It is not easy to differentiate oncocytoma and
ccRCC on the basis of contrast enhancement. Lee-Felker et al13
suggested the possibility to differentiate them on the basis of
absolute de-enhancement from the corticomedullary to nephrographic phases and relative attenuation in the corticomedullary phase. However, they had a substantial overlap among
the quantitative enhancement features of the lesions. The tumour perfusion can be assessed without intravenous contrast
agent administration by using arterial spin-labelling (ASL)
MRI.23 This technique uses blood as an endogenous contrast
agent by labelling of the blood spins with radiofrequency pulses
and gradient ﬁelds. The ASL MRI enables to determine tissue
perfusion without any inﬂuence by vessel permeability, allowing
to study patients with renal impairment.24 Previous studies
demonstrated the extremely high perfusion of oncocytoma in
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comparison to ccRCC, chromophobe RCC (cRCC) and papillary RCC (pRCC), at ASL MRI. Nevertheless, controversial
results in the differentiation of oncocytomas from other solid
renal masses were achieved.25,26
The value of diffusion-weighted imaging (DWI) on oncocytoma
is still debated. Previous studies demonstrated that it is not
possible to distinguish oncocytoma from ccRCC using DWI.27
Indeed, these lesions show similar apparent diffusion coefﬁcient
(ADC) values, even if signiﬁcantly higher than papillary pRCC
and cRCC.27 However, a previous work evaluated the ADC
values of solid renal masses at 3 T and demonstrated that
oncocytoma has signiﬁcantly higher ADC values than ccRCC.28
Moreover, oncocytoma may show slow growth not so different
from RCC.29 Therefore, it is not easy to differentiate oncocytoma from RCC through imaging techniques, and for this reason, it is often necessary to perform biopsy.
MALIGNANT RENAL MASSES
Renal cell carcinomas
RCC is the most common malignant renal mass, representing
.90% of all malignancies of the kidney and 2–3% of all cancers,
with a peak incidence between the 60- and 70-year olds.9 The
“classical triad” (haematuria, ﬂank pain and palpable mass) is
uncommon and observed only in advanced stage.1,9 Obesity, high
blood pressure and tobacco smoking are the most important risk
factors; some rare hereditary conditions such as von Hippel–
Lindau disease and hereditary papillary RCC are correlated with
RCC.1,9 Most patients are treated with nephron-sparing surgery or
radical nephrectomy, although active surveillance may be an option for some older patients, especially suboptimal candidates for
surgery with small renal tumours.1,17 There are several histological
types of RCCs. The most common subtypes are ccRCC (70%),
pRCC (10%) and cRCC (5%).9,30 The TNM classiﬁcation is
recommended in staging for both clinical and scientiﬁc use. The
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Figure 3. Oncocytoma in a 72-year-old female. Axial unenhanced (a), corticomedullary phase (b), nephrographic phase (c) and
excretory phase (d) CT images show a well-circumscribed left-renal lesion with inhomogeneous enhancement and a central stellate
scar, without calcifications, necrosis or haemorrhage.

last version, published in 2009, was updated in 2012 (Table 1).18
Renal fat invasion is a relevant unfavourable prognostic factor
(T3a) that increases the possibility of metastases because this area
is rich in lymphatic and vascular structures. The diagnostic accuracy of CT to detect renal sinus fat invasion is poor, whereas it is
higher for detecting perirenal fat invasion.31 However, tumour size
.5 cm, irregular lesion margins, lymph node metastases and
decreased perfusion of kidney are all predictive factors of renal
sinus fat invasion.31 Moreover, the prognosis is strongly inﬂuenced not only by the TNM stage but also by the Fuhrman nuclear grade and the RCC subtype.18 To date, the tumour size is the
most important predictor of malignancy and aggressive histological grade but with weaker evidence for association with overall
survival.7 Furthermore, even if the rates of malignancy are comparable between positive-growth and zero-growth masses, usually
no metastases develop in masses with zero-growth.32,33 Lastly,
T1w hypointense RCCs have demonstrated to have less aggressive
pathological features and favourable clinical behaviour compared
with T1w isointense or T1w hyperintense RCCs.34 To better
standardize and assess the anatomical complexity and operative
outcomes of RCCs, different scoring systems have been reported:
(i) the centrality index, (ii) radius, exophytic/endophytic, nearness, anterior/posterior and location and pre-operative aspects
and dimensions used for anatomic classiﬁcation scoring
systems.35–37 The centrality index characterizes tumour centrality
on the basis of distance between the tumour and kidney centre
and tumour radius, whereas the radius, exophytic/endophytic,
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nearness, anterior/posterior and location and pre-operative
aspects and dimensions used for anatomic classiﬁcation scoring
systems describe the tumour site, polarity, size and proximity to
the collecting system.38
Figure 4 shows a diagnostic and management algorithm ﬂowchart for renal masses incorporating ultrasound, CT and MR.
Clear cell renal cell carcinoma
The ccRCC is the most common histological subtype. It arises
from the epithelium of the proximal convoluted tubules and
represents approximately 70% of all RCCs.39 The sarcomatoid
change can be observed in 5% of cases and is correlated with
poor prognosis.9 Usually, ccRCC appears as a heterogeneous
exophytic lesion on NECT for the presence of necrosis, haemorrhage, calciﬁcations (observed in 10–15% of cases) or cystic
components (observed in up to 15% of cases);39,40 moreover, it
is rarely multicentric and bilateral (,5%).39 The strong and
heterogeneous enhancement is helpful in distinguishing ccRCC
from non-clear-cell subtypes. Usually, ccRCC demonstrates
strong enhancement after contrast agent administration, with
a peak in the corticomedullary phase showing an enhancement
of .84 HU and .44 HU in the excretory phase (with a speciﬁcity of 100% and 91%, respectively).41 On MR, ccRCC usually
appears hypointense or isointense on T1w images and iso- to
hyperintense on T2w images, and it is possible to see a signal
drop on opposed phase images for the presence of microscopic
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Table 1. TNM classification system

T—primary tumour
TX—primary tumour cannot be assessed
T0—no evidence of primary tumour
T1—tumour ,7 cm in greatest dimension, limited to the kidney
T1a—tumour ,4 cm in greatest dimension, limited to the kidney
T1b—tumour .4 cm but ,7 cm in greatest dimension
T2—tumour .7 cm in greatest dimension, limited to the kidney
T2a—tumour .7 cm but ,10 cm in greatest dimension
T2b—tumours .10 cm limited to the kidney
T3—tumour extends into major veins or perinephric tissues but not into
the ipsilateral adrenal gland or beyond Gerota’s fascia
T3a—tumour grossly extends into the renal vein or its segmental
(muscle-containing) branches or invades perirenal and/or renal sinus
fat (peripelvic) but not beyond Gerota’s fascia
T3b—tumour grossly extends into the VC below the diaphragm
T3c—tumour grossly extends into VC above the diaphragm or
invades the wall of the VC
T4—tumour invades beyond Gerota’s fascia (including contiguous
extension into the ipsilateral adrenal gland)
N—regional LNs
NX—regional LNs cannot be assessed
N0—no regional LN metastasis
N1—regional LN metastasis
M—distant metastasis
M0—no distant metastasis
M1—distant metastasis
TNM stage grouping
Stage I—T1 N0 M0
Stage II—T2 N0 M0
Stage III—T3 N0 M0
T1, T2, T3 N1 M0
Stage IV—T4 Any N M0
Any T Any N M1
LN, lymph node; VC, vena cava.

fat.42 The ccRCC may show T1w hyperintensity due to intralesional haemorrhage, and its differentiation from proteinaceous or haemorrhagic benign cysts may be
challenging.43 In these cases, the evaluation of contrast enhancement based on image subtraction could be useful.26 The
main limitation of image subtraction is its susceptibility to
motion and other misregistration artefacts; moreover, it is
a subjective assessment.26 Nevertheless, it should be performed to reduce the risk of misinterpretation of T1w
hyperintense lesions. Previous studies on dynamic contrastenhanced (DCE) perfusion MR have demonstrated that
ccRCC has greater enhancement than the renal cortex in the
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corticomedullary phase with washout during the nephrographic phase, whereas pRCC enhances less than the renal
cortex on both post-contrastographic phases.42 Perfusion
measurements obtained through DCE MRI have also shown
good results in the evaluation of histological grades of
ccRCC.44 Lanzman et al25 found a relationship between
ccRCC tumour size and maximum tumour perfusion, without
any correlation with whole-tumour perfusion. These results
were considered consistent with the presence of focal areas of
intense angiogenesis coexisting with low-perfused areas or
necrosis in the same tumour. Moreover, ASL MRI has shown
to be useful in monitoring the response to antiangiogenic
therapy and radiofrequency ablation in RCC.45,46
DWI may be useful to differentiate ccRCC from pRCC and
cRCC; indeed, ccRCC shows higher ADC values. Furthermore,
previous studies demonstrated that texture measures on ADC
maps might help stage ccRCC non-invasively allowing the differentiation between low- and high-grade tumours.47 However,
it is not easy to distinguish ccRCC from oncocytoma using
DWI.27 Contrast-enhanced ultrasound is a good technique to
demonstrate the perfusion characteristics of ccRCC. Its postcontrastographic pattern, in particular the homogeneity of enhancement and the presence of pseudocapsule sign, depends on
the size of the lesion, owing to the presence of necrotic areas and
small intratumoural cystic components in larger tumours.48
Some authors have reported a correlation between RCC and
lymphoma, but this association is already not clear.49 It is well
known that DWI enables to identify lymphomatous locations as
lesions with very low ADC values.50 In our experience, we incidentally observed a solid renal mass with an unrestricted
pattern of diffusion, whose biopsy revealed ccRCC, in a Hodgkin
lymphoma patient who underwent a whole-body MR for staging
(Figure 5). Whole-body MR is a well-established radiation-free
technique in lymphoma imaging by now,51–53 but few studies
have investigated its possible role in ccRCC management.
Probably, the main concern is its accuracy in the detection of
lung metastases,54 but it has already been demonstrated to be
helpful in the follow-up of the pulmonary metastases from
ccRCC.55 Patients with ccRCC have the highest risk of developing metastases. Approximately 18% of these patients are
found to have metastases at diagnosis and . 50% will develop
metastases during follow-up.56 The most common sites of metastases are the lung (69%), bone (43%), liver (34%), lymph
node (22%), adrenal gland (19%) and brain (7%).30 Metastases
usually enhance like the primary tumour, therefore ccRCC
metastases are well detected on the arterial phase study56
(Figure 6). The recent use of new molecular therapies such as
antiangiogenic agents with a more cytostatic than cytotoxic action makes a morphological evaluation of tumour response to
therapy such as the Response Evaluation Criteria In Solid
Tumors 1.1 inadequate to discriminate the progression or regression of disease. For this reason, it is necessary to apply new
criteria such as attenuation, morphological and structural
changes.56 The ﬂuorine-18 (18F)-ﬂudeoxyglucose positron
emission tomography (PET)/CT has some limitations in the
evaluation of urinary oncology diseases,57 and its low sensitivity in the identiﬁcation of primary RCC is well known.58
However, the inhibitory effects on RCC from antiangiogenic
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Figure 4. A diagnostic and management algorithm flowchart for renal masses incorporating ultrasound, CT and MR. AML,
angiomyolipoma; ccRCC, clear cell renal cell carcinoma; CEUS, contrast-enhanced ultrasound; pRCC, papillary renal cell carcinoma;
RCC, renal cell carcinoma.

agents can be identiﬁed with reduction in 18F-ﬂudeoxyglucose
uptake, probably related to reduction in glucose transporters.59
PET/CT with 18F-ﬂuoromisonidazole enables the evaluation of
hypoxia, which induces high secretion of the vascular endothelial growth factor and is a predictor of radio- and chemoresistance.60 A recent targeted imaging agent for PET/CT is the
prostate-speciﬁc membrane antigen that seems to be highly
reliable for the assessment of metastatic ccRCC.61 Another
recent radiolabelled imaging agent for the evaluation of cellular
proliferation is the 18F-ﬂuorothymidine. It has been demonstrated to be useful for response assessment of treatment in
metastatic RCC.62
Papillary renal cell carcinoma
The pRCC is the second most common histological subtype.
It arises from the epithelium of the proximal convoluted
tubules and represents approximately 10% of all RCCs.9,63 It
usually appears like a homogeneous mass; it may be heterogeneous when .3 cm for the presence of haemorrhage, calciﬁcations or necrosis.64 It can be bilateral and multifocal
more commonly than ccRCC, whereas the presence of macroscopic fat is very rare.63 There are two different types of
pRCC: “Type 1” contains a monolayer of small cells with
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sparse cytoplasm and low-grade nuclei and is usually correlated with a better prognosis; “Type 2” is characterized by the
presence of high-nuclear-grade cells with abundant eosinophilic cytoplasm and is correlated with a worse prognosis
even than ccRCC.63,65 On CT, “Type 1” and “Type 2” pRCC
appear similar, notably in the early stages, whereas in the
advanced stage, “Type 2” pRCC usually displays indistinct
margins, centripetal inﬁltration and tumour thrombi.65 Doshi
et al66 demonstrated that MR quantitative features may also
help differentiate between Type 1 and Type 2 pRCC, showing
that ADC, half-fourier acquisition single-shot turbo spinecho and contrast-enhanced entropy are greater in Type 2
pRCC. The pRCC tends to metastatize less frequently than
ccRCC, and the most common sites of metastases are the
brain and bone. Conversely, it is more frequent to observe
lymph nodal metastasis in pRCC than in ccRCC, but nodal
involvement is not correlated with a poorer prognosis in
pRCC in contrast to ccRCC.67 The pRCC usually is more
homogeneous and hypovascular than ccRCC. Indeed, pRCC
enhances less and slower than ccRCC in postcontrastographic CT and MR phases (Figure 7). Furthermore, pRCC has a peak enhancement in the nephrographic
phase images, whereas ccRCC has the peak in the
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Figure 5. Incidentally discovered clear cell renal cell carcinoma (ccRCC) during the staging work-up of a 35-year-old male patient
with Hodgkin lymphoma. Coronal whole-body MR three-dimensional fat-suppressed T1 weighted gradient recalled echo images
after paramagnetic contrast administration (a, b) show an incidental right renal mass (curved arrows) and multiple enlarged lymph
nodes (arrows) in bilateral supraclavicular, mediastinal and retroperitoneal regions. On axial high b-value diffusion-weighted
imaging image (c) and axial apparent diffusion coefficient map (d), the ccRCC (curved arrows) does not show the restricted pattern
of diffusion demonstrated by lymphomatous nodes (arrows). The ccRCC (curved arrow) also shows poor fluorine-18
fludeoxyglucose (18F-FDG) uptake on axial 18F-FDG positron emission tomography (PET)/CT (f) in respect of the locations of
lymphoma (arrows) that are markedly 18F-FDG avid on coronal (e) and axial (f) 18F-FDG-PET/CT images. Coronal (g) and axial (h)
portal-phase CT images demonstrate the high and inhomogeneous enhancement of the ccRCC (curved arrows) and the
homogeneous and low enhancement of lymphoma (arrows).

corticomedullary phase.39,40 DCE MRI has shown to be
a promising tool to differentiate pRCC from fat-poor AML,
with pRCC showing a slower enhancement using a washin
arterial index.42 The hypovascularity of pRCC, the potential
pseudoenhancement of renal cysts and the eventual hyperdensity of complicated cysts on NECT may make differentiation of a renal cyst from a pRCC very hard; for this reason, it
is recommended to use a small peripheral region of interest to
assess the presence of enhancement.68 The high-contrast
resolution of MR may be helpful in doubtful cases to differentiate cystic lesions from pRCC. On MR, pRCC usually
shows as a pseudocapsule and appears hypointense on T1w
and T2w images; a T2w hypointense solid renal mass is likely
a pRCC or a minimal-fat AML, whereas ccRCC is hyperintense on T2w images.55,69 Regarding the possible role of ASL
MRI, a potential limitation is the lower sensitivity for the
evaluation of low perfused tissues in comparison to contrast-
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enhanced techniques. This might have some implications in
the assessment of pRCC and cystic renal tumours.70
Chromophobe renal cell carcinoma
The cRCC is the third most common histological subtype, representing 5% of all RCCs, with the mean age of incidence in the
sixth decade.9 It has the best prognosis of all RCCs with a 5-year
survival rate of .90%. Nevertheless, cRCC has a malignant potential, and the liver is the common site of metastasis.34 On CT,
cRCC may display a wide variability of features but usually
appears as a well-circumscribed hypovascular and homogeneous
solid mass with lower post-contrastographic enhancement than
ccRCC.71 Intratumoural calciﬁcations and cystic components are
not common72 and one-third of cRCCs have a central scar or
necrosis that are responsible for an inhomogeneous pattern and
are associated with worse prognosis73 (Figure 8). On MR, it usually
appears hypointense on T2w images and hypovascular in all
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Figure 6. A 81-year-old male with clear cell renal cell carcinoma (ccRCC) and lymph nodal metastasis. Axial unenhanced (a),
corticomedullary phase (b), nephrographic phase (c) and excretory phase (d) CT images show a right renal ccRCC (arrows) with
inhomogeneous enhancement and peak on corticomedullary phase. Note also a lymph nodal metastasis in the right renal hilum
(curved arrows) with the same enhancement of the ccRCC.

post-contrastographic phases.17,39 Oncocytoma and cRCC have
overlapping imaging features that are concordant with their similar
pathological characteristics.74 Thus, there are no CT or MR features that enable to differentiate with certainty these two lesions.

Renal medullary carcinoma
The renal medullary carcinoma (RMC) is a rare subtype of RCC,
mostly affecting patients between the second and the ﬁfth
decades.9 Its clinical presentation is usually abdominal pain,

Figure 7. A 40-year-old male with papillary renal cell carcinoma (pRCC). Axial unenhanced (a), corticomedullary phase (b),
nephrographic phase (c) and excretory phase (d) CT images demonstrate a right-renal homogeneous mass (arrows) with poor and
slow enhancement, typically observed in pRCC that is hypovascular in comparison with clear cell renal cell carcinoma.
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Figure 8. A 45-year-old female with chromophobe renal cell carcinoma (cRCC). Axial unenhanced (a), corticomedullary phase (b)
and nephrographic phase (c) CT images show a large hypovascular and inhomogeneous left renal mass with intratumoural
calcifications and necrotic areas. The cRCC usually demonstrates lower post-contrastographic enhancement than clear cell renal
cell carcinoma.

haematuria and weight loss. It is correlated almost exclusively
with sickle-cell trait and with poor prognosis.9 For unknown
reasons, haematuria is mainly observed when the tumour
occurs in the left kidney.75 The primary lesion of RMC is located within the renal pelvis with an inﬁltrative grown pattern
and satellite tumours within the renal cortex.76 The imaging
features of RMC are not speciﬁc. On CT, it usually appears as
an inﬁltrative heterogeneous mass due to the presence of
intratumoural haemorrhage and necrosis, associated with
caliectasis and extensive vascular and lymph node invasion39,77
(Figure 9). On MR, RMC is usually hypointense on T2w
images and hypovascular in post-contrastographic images.39
The prognosis is severe and the median survival after surgical
operation of the tumour is about 15 weeks.9 The most

common metastatic sites are the lymph node, lung, adrenal
gland and liver.78 RMC shares many histological features with
collecting duct carcinoma, but the latter is not associated with
sickle-cell trait and occurs in older males.75
CONCLUSION
Although renal mass biopsy historically could show sampling
errors, risk of seeding and of periprocedural complications,
imaging-guided biopsy has led to obtain reliable percutaneous techniques with low risk of seeding and high rate of
pathological diagnosis.79 To date, imaging has an important
role in diagnosing, staging and follow-up of solid renal
masses. The “classical AML” is the only benign renal mass
that can be characterized with conﬁdence by imaging with the

Figure 9. A 34-year-old male with renal medullary carcinoma and lymph nodal metastasis. Axial unenhanced (a), corticomedullary
phase (b) and excretory phase (c) CT images show a left heterogeneous renal mass (curved arrows) with infiltrative grown pattern,
ill-defined borders and intratumoural calcifications, associated with hilar lymph node invasion (arrows).
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detection of a fat-containing renal mass without calciﬁcations. There is a large overlap of imaging features between
benign and malignant renal masses that often makes very

difﬁcult a correct characterization of the lesions. However, it
is possible to suggest a likely diagnosis based on imaging
features.
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Grassedonio E, Mulè A, et al. Comparison
between whole-body MRI with diffusionweighted imaging and PET/CT in staging
newly diagnosed FDG-avid lymphomas. Eur
J Radiol 2016; 85: 313–18. doi: https://doi.
org/10.1016/j.ejrad.2015.12.006
51. Albano D, Patti C, La Grutta L, Grassedonio
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