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Abstract

Representing 2%-3% of adult cancers, renal cell carci-
noma (RCC) accounts for 90% of renal malignancies and
is the most lethal neoplasm of the urologic system. Over
the last 65 years, the incidence of RCC has increased
at a rate of 2% per year. The increased incidence is at
least partly due to improved tumor detection secondary
to greater availability of high-resolution cross-sectional
imaging modalities over the last few decades. Most
RCCs are asymptomatic at discovery and are detected as
unexpected findings on imaging performed for unrelated
clinical indications. The 2004 World Health Organization
Classification of adult renal tumors stratifies RCC into
several distinct histologic subtypes of which clear cell,
papillary and chromophobe tumors account for 70%,
10%-15%, and 5%, respectively. Knowledge of the RCC
subtype is important because the various subtypes are
associated with different biologic behavior, prognosis
and treatment options. Furthermore, the common RCC
subtypes can often be discriminated non-invasively
based on gross morphologic imaging appearances, signal
intensity on T2-weighted magnetic resonance images,
and the degree of tumor enhancement on dynamic
contrast-enhanced computed tomography or magnetic
resonance imaging examinations. In this article, we
review the incidence and survival data, risk factors, clinical
and biochemical findings, imaging findings, staging,
differential diagnosis, management options and post-
treatment follow-up of RCC, with attention focused on
the common subtypes.
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Core tip: The common renal cell carcinoma (RCC)
subtypes can often be discriminated non-invasively based
on characteristic imaging appearances. Clear cell RCC
typically shows a heterogeneous consistency (secondary
to necrosis, cystic change or hemorrhage), has high
signal intensity on T2-weighted magnetic resonance
imaging (MRI), and is hypervascular on dynamic contrast-
enhanced computed tomography or MRI examina-
tions. Most papillary RCCs are detected while at a low
grade and small size, show low signal intensity on T2-
weighted MRI, and are hypovascular following contrast
administration. Chromophobe RCCs may have a homo-
geneous solid appearance even when large, and may
exhibit a central stellate scar and spoke-wheel enhance-
ment.
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INTRODUCTION

Renal cell carcinoma (RCC) accounts for 90% of adult
renal malignancies and is the most lethal of all urologic
cancers?, RCC is not a single entity but rather a
heterogeneous group of neoplasms with varying histo-
logical findings, cytogenetic abnormalities, biologic
behavior, prognosis and response to therapy'**°\. The
2004 World Health Organization Classification of adult
renal tumors stratifies RCC into several distinct subtypes
of which clear cell, papillary and chromophobe tumors
account for 70%, 10%-15%, and 5%, respectively!'..
Other RCC subtypes are rare and include carcinoma of
the collecting ducts of Bellini, renal medullary carcinoma,
Xp1l1.2 translocation carcinoma, multilocular clear
cell RCC, carcinoma associated with neuroblastoma,
mucinous tubular and spindle cell carcinoma and unclas-
sified RCC!". Sarcomatoid or rhabdoid differentiation, a
rare finding that can occur in any subtype, is associated
with a highly aggressive behavior and poor prognosist'.,
Clear cell RCC has a golden yellow appearance on
cut specimen due to rich lipid content while microsco-
pically an alveolar, acinar or solid architectural pattern
is commonly detected, including a clear or eosinophilic
cytoplasm and a delicate vascular network!™. Chromo-
some 3p deletions are found in up to 96% of clear cell
RCCs including somatic inactivating mutations of the
Von Hippel-Lindau (VHL) gene'**?! papillary RCC is
characterized by malignant epithelial cells that form
papillae and tubules on histology™!. Type 1 tumors
show papillae covered by small cells with a scanty
cytoplasm arranged in a single layer while type 2
tumors show papillae with pseudostratified nuclei and
an eosinophilic cytoplasm, and generally carry a worse
prognosis than type 1 tumors due to higher stage and
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gradet™'), Cytogenetic abnormalities associated with
the papillary subtype include trisomies of chromosomes
3, 7,12, 16, 17 and 20, c-MET mutations and loss of
the Y chromosome™****, Chromophobe RCC has a
homogeneous light brown or tan appearance on cut
specimen while large polygonal cells with a reticulated
cytoplasm and prominent cell membranes are detected
histologically™. Unlike clear cell RCC, the blood vessels
in chromophobe RCC are thick walled and eccentrically
hyalinized™, Cytogenetic abnormalities associated with
chromophobe RCC include loss of multiple chromosomes
suchas 1, 2, 6, 10, 13, 17 and 21™,

The clear cell subtype shows a less favorable
outcome compared with papillary and chromophobe
subtypes, and is more likely to be symptomatic, present
at an advanced stage, and show a greater propensity
to metastasize™**%%**® The 5-year survival rate is
44%-69% in clear cell tumors, 82%-92% in papillary
tumors and 78%-92% in chromophobe tumors®**'”},
Considering metastases from RCC, clear cell tumors
account for 94%, papillary tumors 4% and chromophobe
tumors 2%©%%] The most common site of organ
metastasis varies according to the subtype with the
lung being most frequently involved in clear cell tumors
and the liver in chromophobe tumors®. Surgery is the
mainstay of treatment in localized disease, irrespective
of subtype. In advanced disease, a tailored management
approach is recommended as the effectiveness of
systemic therapy including the specific regime used may
be influenced by the RCC subtype®'®*, Studies have
suggested that clear cell, papillary and chromophobe
subtypes can be differentiated non-invasively on
imaging**7"2221 1t is important therefore that
radiologists are familiar with the imaging appearances
of RCC given that accurate subtyping has therapeutic
and prognostic implications for patients. In this article,
we review the incidence and survival data, risk factors,
clinical and biochemical findings, imaging findings,
staging, differential diagnosis, management options and
post-treatment follow-up of RCC.

INCIDENCE AND SURVIVAL DATA
[2]

Renal cancer represents 2%-3% of adult malignancies .
The median age at diagnosis is 65 years with most
patients being in the 6™ to 8" decade of life'***’. Males are
2 to 3 times as affected as females'**’. Over the last 65
years, the incidence of RCC has increased at a rate of 2%
per year?l, According to data from the National Cancer
Institute’s Surveillance, Epidemiology and End Results
Program, there are 61500 estimated new cases of kidney
cancer in the United States in 2015. Of these, 38270 are
males (7" most common male cancer at 5%) and 23290
are females (10" most common female cancer at 3%)".
Correspondingly, there are 14080 estimated deaths
from kidney cancer in the United States in 2015%. Of
these, males account for 9070 (9" most fatal cancer
in males at 3%) and females 5010 (outside the top 10
most fatal cancers in females)™. The overall survival
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from renal cancer has improved over time - the 5-year
relative survival rate in the United States was 50% from
1975 to 1977, 57% from 1987 to 1989 and 74% from
2004 to 20107, In the United States from 2004 to 2010,
localized disease was found in 64%, regional disease in
17% and distant disease in 16% of patients'®’.

RISK FACTORS FOR RCC

In a meta-analysis involving 26 studies, Hunt et a/*”
found a link between cigarette smoking and the develop-
ment of RCC. The authors found that ever smokers
had a relative risk of 1.38 (95%CI: 1.27-1.50) for RCC
compared to lifetime non-smokers®®. The risk was
dose-dependent and related to the number of cigarettes
smoked per day. The study also suggested that smoking
cessation for > 10 years lowered the risk. A meta-
analysis of 141 studies by Renehan et af*'! implicated
obesity in the development of RCC. The study found
that a 5 kg/m2 increase in body mass index conferred
a 1.34 relative risk (95%CI: 1.15-1.34) of RCCPY, In
a prospective study involving 296638 subjects from 8
European countries, Weikert et a/®? found that high
blood pressure was associated with an increased risk of
RCC. A systolic blood pressure = 160 mmHg vs < 120
mmHg was associated with a relative risk of 2.48 (95%CI:
1.53-4.02) and a diastolic blood pressure = 100 mmHg
vs < 80 mmHg with a relative risk of 2.34 (95%CI:
1.54-3.55)%, A study by Hofmann et a/®* involving
1217 patients with RCCs and 1235 controls found that
chronic renal failure and dialysis were independently
associated with an increased risk of RCC with an OR
of 4.7 (95%CI: 2.2-10.1) and 18.0 (95%CI: 3.6-91),
respectively. Studies have also found that RCCs that
develop in patients with end-stage renal disease (ESRD)
tend to be less aggressive than RCCs that occur in the
general population®®?®, In a long-term comparative
study, Breda et a/®* showed that RCCs occurring in
ESRD patients were smaller (P = 0.001) and of lower
grade and stage (P = 0.001) than RCCs diagnosed
in the general population. The study also noted a
significantly higher incidence of papillary RCC in ESRD
patients (pre-transplant, 17.2% and post-transplant,
27.3%) compared with the general population (11.1%)
(P = 0.01)P%. There were no significant differences in
the incidence of clear cell RCC between the groups.
Chemicals implicated in the development of RCC include
petroleum products, asbestos, cadmium, benzene, vinyl
chloride, herbicides and acetaminophen abuse”*¥,
Hereditary RCCs account for 4% and show a predilection
towards early-onset, bilaterality and multicentricity®”, VHL
syndrome, an autosomal dominant condition caused by
mutations in the VHL gene, predisposes to the develop-
ment of central nervous syndrome hemangioblastomas,
pancreatic neuroendocrine tumors, pheochromocytomas
and RCCs (predominantly dear cell subtype)®®.. Around
25% to 60% of VHL patients develop RCC with the
risk of metastasis related to tumor size®**", In a study
of 181 VHL patients, 27.4% of patients with RCCs >
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3 cm had metastases while there were no cases of
metastases in patients with RCCs < 3 cm™. As such,
the standard of care for VHL patients with RCCs = 3
cm is surgical resection. Birt-Hogg-Dube syndrome, an
autosomal dominant condition caused by mutations in
the folliculin gene, predisposes to cutaneous tumors,
oncocytomas and clear cell, papillary and chromophobe
RCCsP**), Hereditary leiomyomatosis renal cell cancer,
an autosomal dominant condition caused by mutations in
the fumarate dehydratase gene, predisposes to uterine
and cutaneous leiomyomas, and type 2 papillary RCCs
in 25%-30%""*1, Hereditary papillary renal carcinoma,
an autosomal dominant condition due to mutations in the
MET proto-oncogene, is associated with the development
of multifocal type 1 papillary RCCs™. Recently, it
has been discovered that patients with hereditary
succinate dehydrogenase mutations are at risk of
developing aggressive early-onset RCCs in addition to
pheochromocytomas and paragangliomas™>**.,

CLINICAL AND BIOCHEMICAL FINDINGS

Most RCCs are asymptomatic and discovered as un-
expected findings on imaging performed for unrelated
clinical indications'*®*®., The frequency of these incidental
RCCs appears to be rising - these represent 48%-66%
of contemporary RCCs compared with 3%-13% in the
1970s"**1, The improved detection of RCCs is likely a
reflection of the greater availability of high-resolution
cross-sectional imaging modalities over the last few
decades !, Furthermore, these incidental RCCs are
often detected at a smaller size and lower stage®**". The
classic triad of a palpable mass, flank pain and hematuria
is found in 6%-10% and portends a more aggressive
histology and advanced disease™*"*?. About 20%-30%
have metastatic disease at presentation - symptoms may
include dyspnea (lung metastases) or bone pain (bone
metastases)!*®l, The development of hypercalcemia,
erythrocytosis, gynecomastia, hypertension or fever may
be related to a paraneoplastic syndrome. Non-specific
complaints include fatigue, loss of appetite and weight
losst>"*¢!,

Biomarker development is a rapidly growing field in
oncology given the potential impact of this technology
as a diagnostic and prognostic tool. Investigators have
studied serum and urinary compounds to determine
their suitability as biomarkers for RCC. These include
serum compounds such as tumor necrosis factor receptor-
associated factor-1, heat shock protein 27 (HSP27),
serum amyloid A, osteopontin, pyruvate kinase type M2
and thymidine kinase 1 and urinary compounds such
as nuclear matrix proteins-22, neutrophil gelatinase-
associated lipocalin, aquaporin-1, kidney injury molecule-1
and perilipin 257, While preliminary results are encourag-
ing, no serum or urinary biomarker has yet received
validation for RCC. Imaging remains the mainstay in
RCC for diagnosis, screening, follow-up and treatment
monitoring.
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IMAGING

RCCs may exhibit a variable spectrum of morphologic
appearances ranging from small indolent lesions to large
aggressive masses associated with local invasion and
metastatic disease. Despite the wide range of findings
that may be encountered, careful attention to certain
imaging characteristics is often helpful in discriminating
between the subtypes.

The gross morphologic profile of the tumor can provide
an indication of its subtype. Clear cell RCC typically
exhibits exophytic growth and has a tendency to be
heterogeneous (Figure 1) due to intratumoral necrosis,
cystic change or hemorrhage''**!. Moreover, Pedrosa et
al*® found that findings such as large size, intralesional
necrosis, retroperitoneal vascular collaterals, and
renal vein thrombosis predicted a high grade clear cell
subtype (P < 0.05). Interruption of the tumor capsule
has also been correlated with high tumor grade™*.
Seventy percent of papillary RCCs are confined to the
kidney at presentation and are generally small size (<
3 cm) and low grade - these commonly manifest as
peripherally located tumors which are well-circumscribed
and homogeneous (Figure 2)"""***3, Papillary tumors
> 4 cm can show internal heterogeneity due to cystic
change and necrosis®®®. Cystic papillary RCCs may show
hemorrhagic fluid content and internal mural nodules
or papillary projections while cystic clear cell RCCs
typically show clear fluid content and irregular walls and
septations****). Chromophobe RCC tends to appear
well-circumscribed and homogeneous (cystic change
and necrosis are uncommon) even when large (Figure 3),
and perinephric infiltration and vascular involvement
(< 4%) are raret™'**>*1 Other features that can help
to discriminate chromophobe RCC from other subtypes
include the presence of a central stellate scar (Figure 4)
and spoke-wheel enhancement, although these may also
be seen in oncocytoma®™"*®, The presence of intralesional
fat (either macroscopic or microscopic), is a recognized
feature of some clear cell RCCs!*******!, However, this
finding is not subtype specific as rarely papillary RCC
and chromophobe RCC may contain fat™****%*4, Karlo
et al®” found that while all 3 subtypes may contain
microscopic fat as visualized by signal intensity loss
on opposed-phase compared to in-phase T1-weighted
magnetic resonance imaging (MRI) (Figure 5), a > 25%
signal loss was predictive for clear cell RCC. The use of a
simple two-point Dixon fat-water separation technique
derived from a dual-echo chemical shift T1 sequence
is often helpful in aiding the radiologist in identifying
small quantities of microscopic fat in a renal mass.
Calcifications were significantly more frequent in papillary
RCCs (32%) and chromophobe RCCs (38%) than clear
cell RCCs (11%)™>*°, Bilaterality and multifocality is
also more common in papillary RCC (4% and 22.5%
respectively) than clear cell RCC (< 5%)™***¢, However,
such findings have limited practical value in subtype
discrimination.

An important imaging characteristic is the signal
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intensity appearance of the tumor on T2 weighted MRI.
Most papillary RCCs demonstrate low T2 signal intensity
(Figure 6A)?%53>%283] Tn contrast, most clear cell RCCs
show high T2 signal intensity (Figure 7A)™>>*%%%3 while
the signal intensity of chromophobe RCCs has yet to be
formally profiled in great detail. Oliva et af®® evaluated
the T1 and T2 signal intensity of 49 RCCs (28 clear
cell and 21 papillary) and correlated the findings with
pathology. The authors found that while the T1 signal
intensity of both subtypes was similar, the neoplasms
could be discriminated on the basis of the T2 signal
intensity with papillary RCC showing an average mean
signal intensity ratio of 0.67 + 0.2, and clear cell RCC
showing an average mean signal intensity ratio of 1.41
+ 0.4 (P < 0.05), The tumor signal intensity ratio was
calculated as follows: [Tumor (signal intensity)/renal
cortex (signal intensity)]. A tumor T2 signal intensity ratio
of < 0.66 was found to have 100% specificity and 54%
sensitivity for papillary RCC'®*. The authors also reported
that only a papillary architecture on histology correlated
with the low T2 signal intensity appearance of papillary
RCCs™, This was contrary to prior studies that attributed
this appearance to the presence of blood degradation
products (e.g., hemosiderin or ferritin), fibrosis or a high
nudleus-to-cytoplasm ratio™*®°.

Several preliminary studies have shown encouraging
results in utilizing diffusion-weighted imaging (DWI) for
characterizing RCCs into its main subtypes as well as into
high grade and low grade tumors™® . In a study of 33
patients with 36 RCCs (clear cell 32 and 4 non-clear cell)
of which 23 were grade I or II and 13 were grade Il or
IV at 1.5-T, Goyal et af®” found that clear cell RCCs (1.6
x 10 mm?/s) had significantly higher mean apparent
diffusion coefficient (ADC) values than non-clear RCCs
(1.0 x 10 mm?/s) (P = 0.005) while lower grade tumors
(1.7 x 10 mm?/s) had higher mean ADC values than
higher grade tumors (1.3 x 10° mm?/s) (P = 0.005).
In a study of 77 patients with 78 RCCs (59 clear cell
tumors, 12 papillary tumors and 7 chromophobe tumors)
at 3-T, Choi et al® found that papillary RCCs (1.3 x 107
mm?/s) and chromophobe RCCs (1.6 x 10 mm?/s) had
significantly lower mean ADC values than clear cell RCCs
(1.8 x 10° mm?/s) (P < 0.01). No significant differences
were found between papillary and chromophobe tumors
(P = 0.26). In addition, high grade clear cell RCCs (1.7 x
10 mm?/s) were noted to have significantly lower mean
ADC values than low grade clear cell RCCs (2.0 x 107
mm?/s) (P = 0.021)", In a study of 83 patients with 85
RCCs (49 clear cell tumors, 22 papillary tumors and 14
chromophobe tumors) at 3-T, Wang et af*® found that
papillary RCCs (1.1 x 10° mm?/s) and chromophobe
RCCs (1.3 x 10 mm?/s) had significantly lower mean
ADC values than dlear cell RCCs (1.8 x 10° mm?/s). No
significant differences were found between papillary and
chromophobe tumors (P = 0.068). Furthermore, a meta-
analysis by Lassel et a’® of 17 studies with 764 patients
found that ADC values on DWI could differentiate RCC
(1.6 + 0.08 x 10 mm?/s) from benign renal lesions such
as oncocytoma (2.0 £ 0.08 x 10° mm?®/s) (P < 0.0001).
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Figure 1 A 45-year-old male with a pathologically proven clear cell renal cell
carcinoma in the right kidney on a coronal contrast-enhanced computed
tomography image. The exophytic tumor (arrow) has a heterogeneous solid and
cystic internal consistency.

Figure 2 A 47-year-old female with a pathologically proven papillary renal
cell carcinoma in the left kidney on an axial contrast-enhanced computed
tomography image. The well-circumscribed hypovascular exophytic tumor
(arrow) has a homogeneous solid internal consistency.

Several investigators have advocated the adoption
of quantitative enhancement metrics as a useful means to
discriminate between RCC subtypes on multiphasic cross-
sectional imaging modalities'’*®’. Fundamentally, this
exploits the principle that papillary RCC shows hypova-
scularity (Figure 6B), chromophobe RCC intermediate
vascularity and dear cell RCC hypervascularity (Figure 7). In
a 4-phase (unenhanced phase, corticomedullary phase at
40-55 s, nephrographic phase at 90-120 s and excretory
phase at 8 min) computed tomography (CT) study of
298 renal tumors (170 clear cell RCCs, 57 papillary RCCs,
22 chromophobe RCCs and 49 oncocytomas), Young
et a'” found that the mean enhancement of clear cell
RCC peaked on the corticomedullary phase compared
with that of papillary RCC and chromophobe RCC which
peaked on the nephrographic phase. Compared with
papillary RCC, clear cell RCC showed greater mean
enhancement on all phases - corticomedullary phase
(125 HU vs 54 HU, P < 0.01), nephrographic phase (103
HU vs 64 HU, P < 0.001) and excretory phase (80 HU
vs 54 HU, P < 0.01). Compared with chromophobe RCC,
clear cell RCC showed greater mean enhancement on
the corticomedullary phase (125 HU vs 74 HU, P < 0.001)
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Figure 3 A 53-year-old female with a pathologically proven chromophobe
renal cell carcinoma in the left kidney on a coronal contrast-enhanced
computed tomography image. The well-circumscribed tumor (arrow) shows a
homogeneous solid consistency and peripheral internal tumor vessels.

Figure 4 A 36-year-old female with a pathologically proven chromophobe
renal cell carcinoma in the left kidney on a coronal contrast-enhanced
computed tomography image. The large well-circumscribed solid tumor (arrow)
shows a hypoattenuating central stellate scar and internal calcification.

and excretory phase (80 HU vs 60 HU, P = 0.008)!"".
Furthermore, multiphasic enhancement threshold levels
enabled clear cell RCC to be discriminated from papillary
RCC (threshold of 55 HU on the corticomedullary phase,
65 HU on the nephrographic phase and 55 HU on the
excretory phase) and chromophobe RCC (threshold
of 75 HU on the corticomedullary phase, 85 HU on
the nephrographic phase and 60 HU on the excretory
phase) with an accuracy and sensitivity of 85% and
94%, and 84% and 92%, respectively™”. A multiphasic
CT study by Lee-Felker et al® of 86 clear cell RCCs,
36 papillary RCCs, 10 chromophobe RCCs, 10 fat-poor
angiomyolipomas and 23 oncocytomas found that clear
cell RCC had a significantly higher maximum attenuation
than papillary RCC on the corticomedullary phase (174.4
HU vs 62.2 HU), nephrographic phase (113.2 HU vs
81.8 HU) and excretory phase (87.9 HU vs 64.5 HU),
and significantly higher maximum attenuation than
chromophobe RCC on the nephrographic phase (113.2
HU vs 91.4 HU) and excretory phase (87.9 HU vs 71.3
HU). Contrary to Young et ai''”? findings, Lee-Felker et
al®! found that chromophobe RCCs showed maximal
enhancement on the corticomedullary phase rather than
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Figure 5 A 61-year-old female with a pathologically proven clear cell renal cell carcinoma in the right kidney. A: Axial in-phase T1-weighted magnetic
resonance imaging; B: Axial opposed-phase T1-weighted magnetic resonance image; C: Axial fat-only magnetic resonance image from a two-point Dixon
reconstruction which displays the difference between echos from A and B. The tumor (arrow) shows high signal on C due to the presence of microscopic fat.

Incidentally, the liver also shows high signal on C due to hepatic steatosis.

Figure 6 A 42-year-old male with a pathologically proven papillary renal cell
carcinoma in the right kidney. A: On an axial T2-weighted magnetic resonance
image. The well-circumscribed exophytic solid tumor (arrow) shows relatively
homogeneous low T2 signal intensity; B: On an axial contrast-enhanced T1-
weighted magnetic resonance image during the corticomedullary phase. The
tumor (arrow) is homogeneously hypovascular compared to the adjacent renal
cortex, except for mild enhancement of the renal capsule.

the nephrographic phase - this difference was attributed
to the more uniform 4-phase CT protocol adopted in
the latter study. Sun et a*® performed a multiphasic
MRI study of 113 renal masses that included 75 clear
cell RCCs, 28 papillary RCCs and 10 chromophobe
RCCs. The authors found that the tumor signal intensity
change was highest for clear cell RCC (205.6% on
corticomedullary phase and 247.1% on nephrographic
phase), intermediate for chromophobe RCC (109.9% on
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corticomedullary phase and 192.5% on nephrographic
phase) and lowest for papillary RCC (32.1% on cortico-
medullary phase and 96.6% on nephrographic phase).
The percentage signal intensity change of the tumor
was calculated as follows: [Signal intensity (post)-
signal intensity (pre)/signal intensity (pre)] x 100%.
A signal intensity change threshold of 84% on the
corticomedullary phase was able to differentiate clear
cell RCC from papillary RCC with 93% sensitivity, 96%
specificity and an area under the receiver operating
curve of 0.99%, The study also found that clear cell RCC
had a significantly higher tumor to cortex (TCR) ratio
than either chromophobe RCC or papillary RCC on the
corticomedullary and nephrographic phases (clear cell
RCC - TCR of 1.4 and 1.2, chromophobe RCC - TCR of
0.6 and 0.8, and papillary RCC - TCR of 0.2 and 0.4)"*®.,
In patients with moderate or severe renal impairment,
where CT or MR contrast agents may be contraindicated,
contrast-enhanced ultrasound (US) may be used as a
viable alternative for evaluating renal masses"”". It can
discriminate if a focal lesion is solid or cystic and can
differentiate a solid neoplasm from a pseudotumor such
as a column of Bertin”"). In 103 patients with complex
cystic renal masses, Xue et al’” found that contrast-
enhanced US was superior to both contrast-enhanced
CT and conventional US in evaluating cystic masses
including determining the cyst wall thickness, the number
of internal septa and the presence of solid components.
CT perfusion is an advanced technique that calculates
quantitative parameters that reflect the tumor’s intrinsic
microvascular environment such as blood flow, blood
volume, capillary permeability and mean transit time.
In a study of 85 patients that included a subset of 66
clear cell RCCs, 7 papillary RCCs and 5 chromophobe
RCCs, Chen et al’ found that mean equivalent blood
flow and blood volume were significantly higher in
clear cell RCCs vs papillary RCCs (P < 0.001), while
mean equivalent blood volume was significantly higher
in clear cell RCCs vs chromophobe RCCs (P < 0.001).
In a CT perfusion study of 15 patients with 15 RCCs,
Reiner et al”™ found that parameters such as blood flow
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Figure 7 A 61-year-old female with a clear cell renal cell carcinoma in the right kidney. A: On an axial T2-weighted magnetic resonance image. The solid tumor
(arrow) shows a heterogeneous high T2 signal intensity; B: On an axial contrast-enhanced T1-weighted magnetic resonance image during the corticomedullary phase.
The solid tumor (arrow) shows heterogeneous hypervascularity, of a similar degree to that of the adjacent normal renal cortex.

and blood volume had a strong correlation with tumor
microvascular density on histology with lower blood
flow and blood volume noted in poor prognosis RCCs
that had lower microvascular density. This suggests that
CT perfusion may have a potential role as a prognostic
marker as a greater microvascular density is associated
with improved prognosis and longer survival for RCC>7,
In patients with metastatic RCC, CT perfusion could be
used to select patients that would benefit from targeted
anti-angiogenic therapy as well to evaluate the post-
treatment response!’?.,

Finally, '*"-fluorodeoxyglucose positron emission
tomography (PET)-CT is another modality that has
been used to evaluate RCC. In a study of 100 patients
with 107 RCCs, Nakajima et al’” found that clear cell
RCCs had significantly higher maximum standardized
uptake and tumor-to-normal tissue ratio than non-
clear cell RCCs (P < 0.001) when evaluated during the
early dynamic phase. During the whole body phase,
the authors found that RCCs that were of higher stage,
higher grade, and associated with vascular or lymphatic
invasion showed higher maximum standardized uptake
than less aggressive RCCs””’. However, PET-CT is limited
in primary tumor assessment as physiologic tracer
excretion by the kidneys can mask an RCC leading to
false negative results. PET-CT has more of a defined role
for disease re-staging in advanced RCC and in recurrent
RCC"®71, Alongi et af®” suggested that PET-CT was able
to predict disease progression and survival in patients
with recurrent RCC after surgery and so influence clinical
decision making. The study found that patients with a
PET positive scan had a worse 5-year survival (19% vs
69%, P < 0.05) and a lower 3-year progression free
survival (20% vs 67%, P < 0.05) compared to patients
with a PET negative scan®™. A PET positive scan was also
associated with a higher risk of disease progression than
a PET negative scan with a HR of 3.8 (P < 0.05)®",

STAGING OF RCC

The American Joint Committee on Cancer staging system
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for RCC is as follows™"4,

Primary tumor (T)

TO: No evidence of a primary tumor

T1: Tumor < 7 cm limited to kidney

Tla: Tumor < 4 cm limited to kidney

T1b: Tumor > 4 cm to 7 cm limited to kidney

T2: Tumor > 7 cm limited to kidney

T2a: Tumor > 7 cm to 10 cm limited to kidney

T2b: Tumor > 10 cm limited to kidney

T3: Tumor extends into major veins or has spread into
the perinephric tissues but not beyond Gerota’s fascia
T3a: Tumor extends into the renal vein or the perine-
phric tissues but not beyond Gerota’s fascia

T3b: Tumor extends into vena cava below the diaphragm
(Figure 8)

T3c: Tumor extends into vena cava above diaphragm or
invades the wall of the vena cava

T4: Tumor has spread beyond Gerota’s fascia, which
may include the ipsilateral adrenal gland

Regional lymph nodes (N)
NO: Negative for regional lymph node involvement
N1: Positive for regional lymph node involvement

Distant metastasis (M)
MO: Negative for distant metastasis
M1: Positive for distant metastasis

Overall, the most frequent sites of metastases for
RCC are the lungs (60%), liver (40%), bone (40%) and
brain (5%)%®.

Stages 7 to IV correspond to the following TNM
categories
Stage I : T1, NO, MO
Stage II: T2, NO, MO
Stage II: T1 or T2, N1, MO or T3, any N, MO
Stage IV: T4, any N, MO or any T, any N, M1

The 5-year survival for RCC according to stage is
96% for stage I, 82% for stage II, 64% for stage III
and 23% for stage V2.
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Figure 8 A 42-year-old female with a pathologically proven clear cell renal
cell carcinoma in the right kidney on a coronal contrast-enhanced T1-
weighted magnetic resonance image. The ill-marginated tumor (white arrow)
involves the whole of the kidney and shows extension into the right renal vein
(black arrow) and slight protrusion into the inferior vena cava.

DIFFERENTIAL DIAGNOSIS

Tumors that can mimic the appearance of RCC on
imaging include lipid-poor angiomyolipoma, oncocytoma,
and lymphoma. These are discussed below.

Angiomyolipoma

Angiomyolipoma (AML) - the most common benign renal
tumor - is composed of varying amounts of mature
adipose tissue, smooth muscle and dysmorphic blood
vessels™, Most AMLs are sporadic but less frequently
may be associated with tuberous sclerosis (< 20%) or
lymphangioleiomyomatosis’®’. Seventy-five percent to
80% of patients with tuberous sclerosis develop AMLs -
such tumors have a propensity towards multicentricity,
bilaterality, larger size and being symptomatic compared
with sporadic AMLs®*®*, AMLs show a female predilection
(female to male ratio of 4:1) and are commonly detected
in middle-age'®!. Most are asymptomatic although
tumors = 4 cm have an increased risk of hemorrhage™®.
The diagnosis of AML on imaging is based on the
detection of macroscopic fat (Figure 9). However, 5%
of AMLs have an insufficient amount of lipid (equivalent
to a fat content of < 25% per high power field on
histopathologic examination®”’) to be perceived on cross-
sectional imaging modalities’®. Included are lipid-poor
AMLs and AMLs that completely lack fat, and these are
a radiologic pitfall for misdiagnosis and unnecessary
surgery. Of the 10%-17% of resected renal masses that
are ultimately classified as benign on pathologic analysis,
AMLs account for 18%-59%"*%?1, Around 14%-33%
of AMLs associated with tuberous sclerosis are lipid-
poor[ss,93,94].

Imaging findings suggestive for a lipid-poor AML
include homogeneous isoechogenicity compared with
normal renal parenchyma on US®***”), homogeneous
hyperdensity compared with normal renal parenchyma
on unenhanced CT¥*?”% rapid homogeneous en-
hancement followed by rapid washout or persistent
enhancement on delayed images®**"**, signal loss on
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opposed-phase compared with in-phase T1-weighted
MRIM* and low signal intensity on T2-weighted
MRI®®%71%21 ynfortunately, no single radiologic finding
is pathognomonic as the imaging appearances of AML
and RCC may overlap. Furthermore, lipid-poor AMLs
should be differentiating from AMLs that completely
lacks fat. The former displays signal loss on opposed-
phase compared with in-phase T1l-weighted MRI, at
least in some areas, while the latter does not. Yang et
al®®! suggested 4 CT parameters for differentiating lipid-
poor AML from RCC - an angular tumor interface with
the normal parenchyma, an unenhanced density >
38.5 HU, a hypodense rim due to subtle marginal fat
and homogeneous enhancement. Lee-Felker et a/*”
found that lipid-poor AML could be differentiated from
clear cell RCC with 95% accuracy, 70% sensitivity,
98% specificity, 78% positive predictive value and 97%
negative predictive value based on the combination
of an unenhanced CT density > 45 HU and a relative
corticomedullary attenuation {[lesion (region of interest)-
cortex (region of interest)/cortex (region of interest)] x
100%3} of < 10%. On MRI, Hindman et af*® found that
in-phase and opposed-phase T1-weighted MRI had poor
ability to discriminate between lipid-poor AML and clear
cell RCC as both may show microscopic fat. While low
T2 signal intensity is a common feature of lipid-poor AML
and papillary RCC, the tumors may be differentiated on
the basis of vascularity as AMLs are hypervascular while
papillary RCCs are hypovascular®*, Features such as
larger tumor size (> 3 cm), intratumoral necrosis and
calcifications favor a diagnosis of RCC***,

Renal oncocytoma

Oncocytoma is the second most common benign
tumor after AML and accounts for 3%-7% of renal
neoplasms!®*'*1, A study of 138 pathologically proven
oncocytomas reported a mean patient age of 68 years
(24-86 years), male to female ratio of 2.6 and median
tumor size of 3.2 cm (0.3-14.5 cm)!®*). Oncocytomas
were found to be unilateral in 95%, bilateral in 5%,
multiple in 6% while a co-existing RCC was found in
10%"%', Oncocytomas and chromophobe RCCs share
some common imaging and histological findings™'%*%,
Both arise from the intercalated cells - of the collecting
duct in oncocytomas and the cortex in chromophobe
RCCP8196-1%] Tmaging findings regarded as suggestive of
oncocytoma such as a well-defined margin, homogeneous
consistency, central stellate scar, spoke-wheel enhance-
ment and segmental enhancement inversion may also
be seen in chromophobe RCCP*'*"*%'] (Figure 10).
First described by Kim et a'*? segmental enhancement
inversion refers to a renal mass that shows 2 distinct
regions of enhancement on the corticomedullary phase
which then exhibits enhancement reversal on the nep-
hrographic phase. In a systemic review of 4 studies
and 307 patients, segmental enhancement inversion
was found to have 87%-100% specificity but 0%-80%
sensitivity for oncocytoma!*®’. Woo et af''"! suggested
that non-uniform CT technique and interpretation errors
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Figure 9 A 81-year-old male with a macroscopic fat containing renal
angiomyolipoma. A: On an axial T1-weighted magnetic resonance image. The
ovoid lesion (arrow) in the left kidney shows uniform high T1 signal intensity; B:
On an axial T2-weighted magnetic resonance image. The ovoid lesion (arrow)
in the left kidney shows uniform high T2 signal intensity; C: On an axial fat
suppressed T1-weighted magnetic resonance image. The ovoid lesion (arrow)
in the left kidney which previously demonstrated uniform high T1 and T2 signal
intensities now shows uniform signal loss.

accounted for the variable sensitivity. Wu et a/t**”!
evaluated the CT findings of pathologically proven onco-
cytomas (n = 56) and chromophobe RCCs (n = 54).
Homogeneous enhancement was found in 64.3% of
oncocytomas vs 38.9% of chromophobe RCCs (P =
0.008), a central stellate scar in 46.4% of oncocytomas
vs 25.9% of chromophobe RCCs (P = 0.025), spoke-
wheel enhancement in 73.2% of oncocytomas vs 20.4%
of chromophobe RCCs (P < 0.001), and segmental
enhancement inversion in 69.6% of oncocytomas vs
16.7% of chromophobe RCCs (P < 0.001)™%"), The
combination of a central stellate scar, spoke-wheel
enhancement, and segmental enhancement inversion
had 99.1% sensitivity, 100% specificity, 100% positive
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predictive value and 75% negative predictive value for
oncocytoma®”’. The authors also noted that oncocytoma
had significantly higher unenhanced CT density than
chromophobe RCC and normal renal cortex, and signifi-
cantly greater enhancement than chromophobe RCC
on corticomedullary, nephrographic and excretory
phases™®”. In differentiating oncocytoma from clear
cell RCC, Ren et al*” found that a corticomedullary
phase TCR < 1 had 93% sensitivity, 84% specificity
and 87% accuracy while a nephrographic phase TCR >
corticomedullary phase TCR had 71% sensitivity, 97%
specificity and 89% accuracy for oncocytoma. Lee-Felker
et af*®! found that CT de-enhancement [region of interest
(corticomedullary) = region of interest (nephrographic)] > 50 HU or a
relative corticomedullary attenuation > 0% was able to
differentiate clear cell RCC from oncocytoma with 74%
accuracy, 76% sensitivity, 70% specificity, 90% positive
predictive value and 43% negative predictive value.
Young et ai"”! found that a multiphasic CT threshold level
of 106 HU on the corticomedullary phase, 92 HU on the
nephrographic phase and 68 HU on the excretory phase
was able to differentiate clear cell RCC from oncocytoma
with 77% accuracy, 86% sensitivity and 85% positive
predictive value. Despite these promising preliminary
reports, there remains a strong clinical body of opinion
that oncocytoma cannot be reliably differentiated from
RCC based on imaging features alone.

Renal lymphoma

Renal lymphoma may be primary or secondary. Secon-
dary renal lymphoma is relatively common (> 30%
post-mortem incidence) and generally develops in the
context of widespread lymphoma as a consequence of
hematogenous dissemination or contiguous extension
from retroperitoneal adenopathy!”***! (Figure 11).
Primary lymphoma is rare and accounts for < 1% of
extranodal lymphomas!''”. El-Sharkawy et af*** found
that renal lymphoma has 5 morphologic patterns on
CT: Enlarged lobular non-enhancing kidneys, bilateral
multiple renal masses, focal single non-enhancing renal
mass, perirenal infiltrations from retroperitoneal extension
and bilateral diffuse areas of non-enhancing hypodensities.
Multifocal lesions are the most frequent presentation
followed secondly by contiguous extension from retro-
peritoneal adenopathy!''’**"), Renal lymphoma appears
homogeneously hypoechoic on US, hypodense on CT
and low to intermediate signal intensity on T1- and
T2-weighted MRI"#*?*), Due to high cellularity, renal
lymphoma generally show restricted diffusion and low
DWI values although further analysis is required to
determine if DWI can be used to differentiate renal
lymphoma from other renal tumors!***,

Lymphomatous lesions may show negligible mass
effect - deformation of the renal contour, collecting
system and ureter (hydronephrosis is a late finding)
and displacement of surrounding structures are relatively
uncommon findings>*?”. Renal lymphoma is hypovascular
and shows lower enhancement than the renal parenchyma
on CT or MRI"?!, This can make differentiation from a
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Figure 10 A 59-year-old female with a pathologically proven oncocytoma
in the lower pole of the right kidney on a coronal contrast-enhanced com-
puted tomography image. The well-circumscribed tumor (arrow) shows a
homogeneous solid consistency.

hypovascular RCC such as a papillary tumor challenging™®.

Conversely, type 2 papillary RCC may show extensive
para-aortic adenopathy which can mimic secondary renal
lymphoma!***!, Cystic tumors, calcifications and vascular
extension into the renal vein and/or inferior vena cava
are atypical findings for lymphoma that should raise the
suspicion for an altemative etiology™'”****?!1, Renal biopsy
may be required to establish the diagnosis in equivocal
cases. Such patients can be spared surgery as lymphoma
generally responds well to chemotherapy.

MANAGEMENT OPTIONS AND IMAGING
FOLLOW-UP

A variety of management strategies have been formulated
for RCC. Accurate radiological staging is essential as
therapeutic options are stage dependent. The National
Comprehensive Cancer Network (NCCN) multidisciplinary
recommendations for the clinical management and
imaging follow-up of patients with RCC are discussed
below[2,22,126] .

Stage / a

Nephron-sparing partial nephrectomy - with the
objective being the complete surgical extirpation of
the tumor while retaining sufficient healthy tissue for
adequate renal function - is the preferred treatment
option for stage [ a'****”, The technique was originally
intended for the selective treatment of: (1) small RCCs;
(2) patients at increased risk of post-surgical renal
insufficiency due to inadequate renal reserve such as
subjects with a solitary kidney, pre-existing borderline
renal function, or those with multiple or bilateral tumors;
and (3) patients at increased risk for additional RCCs
that may require repeat surgeries such as those with
a genetic syndrome. Over the last decade, the clinical
indications for partial nephrectomy have been expanded
to include most patients with low stage tumors as
studies have demonstrated that partial nephrectomy is
as effective a therapeutic option as radical nephrectomy
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Figure 11 A 62-year-old male with pathologically proven B cell lymphoma
on an axial T2-weighted image. Multifocal bilateral poorly-defined masses
(arrows) of intermediate to high T2 signal intensity in the kidneys are due to
secondary renal lymphoma. In addition, there is lymphomatous involvement of
enlarged retroperitoneal lymph nodes (a) in the para-aortic region.

with comparable rates of tumor-free survival and overall
survivall®®®™*4, Recurrence rates following partial nephre-
ctomy for stage I a tumors is low at 0%-3%"**', Radical
nephrectomy - first described by Robson et al*?! in
1969 to encompass the en-bloc excision of the diseased
kidney with the perirenal fat, ipsilateral adrenal gland and
regional lymph nodes - is reserved for stage I a cases
ineligible for partial nephrectomy such as RCCs situated at
the renal hilum™. In addition to being a more extensive
procedure, radical nephrectomy increases the risk of renal
impairment which adversely affects quality of life and
cardiovascular specific- and overall- survivalt* ¥4, A
study by Huang et af®> of 662 patients that underwent
either radical nephrectomy or partial nephrectomy for a
stage I a renal tumor found that the 3-year probability of
freedom from new onset glomerular filtration rate (GFR) <
60 mL/min was 80% for partial nephrectomy compared
with 35% for radical nephrectomy. For a new onset
GFR < 45 mL/min, the 3-year probability of freedom
was 95% for partial nephrectomy compared with 64%
for radical nephrectomy. For poor surgical candidates
such as elderly patients with significant co-morbidities,
minimally invasive thermal ablation techniques such as
radiofrequency ablation (RFA) or cryoablation represent
effective alternatives for stage I a tumors®®*****®!, per-
formed with US or CT-guidance as an elective proce-
dure, these techniques have the advantage of improved
patient tolerance and recovery, preservation of renal
function and a lower complication rate compared with
surgery™®9, Ablative therapies may be inferior to
surgery for oncologic control with a higher risk of recur-
rence, but this is often an acceptable compromise in non-
surgical candidates™®, The recurrence rate for stage
[ a tumors post-RFA is 2.5%-9%"*"**!, In a study of
200 renal tumors, Wah et ai**"! found that a tumor size
< 3 cm and an exophytic location were independent
predictors of successful RFA. In contrast, a central or
lower pole tumor location was an independent predictor
of ureteric injury. A systemic review by Klatte et aff**"
comparing cryoablation vs partial nephrectomy for the
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treatment of small renal masses found that cryoablation
conferred an 8.5% risk of tumor progression and
partial nephrectomy a 1.9% risk. On CT or MRI images,
recurrent disease may be detected as a focus of new
enhancement £ an increase in size of the viable portion
of the ablated tumor. The NCCN recommends that
abdominal CT or MRI at 3 and 6 mo be performed to
evaluate treatment response followed by annual CT or
MRI for 5 years?®”, Active imaging surveillance may be
an appropriate strategy in frail patients with small RCCs
as these tumors generally have a slow growth rate and
low metastatic potential®*****®!, Analyzing the results of
6 studies with a total of 937 renal tumors (mean size of
2.4 cm at diagnosis) and a follow-up period of 28-36 mo
showed that tumors grew at an average rate of 0.24 cm/
yeart"***8 The NCCN recommends that abdominal CT
or MRI be performed within 6 mo of surveillance initiation
followed by abdominal CT, MRI or US at least annually™?.
A chest X-ray or CT chest yearly is also suggested to
evaluate for pulmonary metastases.

Stage 7 b

The NCCN recommends that either partial nephrectomy
or radical nephrectomy be performed for stagel b
tumorst. Both techniques show comparable oncologic
control!2#131134149130] ' Tha follow-up schedule suggested
by the NCCN for surgically treated stage [ a/b tumors
is as follows'”: (1) a baseline abdominal CT, MRI or US
within 3-12 mo of surgery; (2) if the initial postoperative
scan following a partial nephrectomy is negative, then
abdominal CT, MRI or US should be performed annually
for 3 years based on individual risk factors; (3) if the
initial postoperative scan following a radical nephrectomy
is negative, then abdominal imaging beyond 12 mo may
be performed at the discretion of the physician, and (4)
chest X-ray annually for 3 years, and beyond that as
deemed appropriate.

Stage I and Il

The NCCN recommends that radical nephrectomy be
performed for stage 11 and I tumors®. Routine adre-
nalectomy and lymphadenectomy is not advocated in
the absence of radiologic disease at these sites as it does
not improve survival™***?, A laparoscopic approach is
favored for stage II tumors while stage IlI tumors are
usually treated by an open approach™’**”). Comparing
laparoscopic vs open radical nephrectomy, Hemel et
al">¥ found that laparoscopic nephrectomy had the
advantage over the open procedure of reduced blood
loss and analgesia requirements, reduced hospital stay
and improved recovery times. The follow-up schedule
suggested by the NCCN for stage II and IlI patients
treated by radical nephrectomy is as follows™: (1)
baseline abdominal CT or MRI within 3-6 mo, then CT,
MRI or US every 3-6 mo for at least 3 years and then
annually up to 5 years; (2) baseline chest CT within
3-6 mo after surgery with continued imaging (CT or
chest X-ray) every 3-6 mo for at least 3 years and then
annually up to 5 years; and (3) site-specific imaging
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depending on symptoms.

Stage IV

Targeted molecular therapies using vascular endothelial
growth factor tyrosine kinase inhibitors (VEGF-TKIs)
(e.g., sunitinib, sorafenib, pazopanib and axitinib)
or mammalian target of rapamycin inhibitors (e.g.,
temsirolimus and everolimus) have largely replaced
immunotherapy agents (e.g., interferon-a) for systemic
therapy. A randomized trial by Motzer et af**! involving
750 patients with metastatic clear cell RCC showed that
patients treated with sunitinib had longer progression
free survival and overall survival compared with patients
treated with interferon-a. Several studies have suggested
that VEGF-TKIs may be less effective in treating papil-
lary and chromophobe RCCs compared with clear cell
RCCs['8261551571 ' At present, there is no established first-
line therapy for metastatic non-clear cell RCC. As such,
the NCCN suggests that the preferred option in these
patients is enroliment in a dlinical trial™*®. Potential agents
include temsirolimus, sorafenib, sunitinib, pazopanib,
axitinib, everolimus, bevacizumab or erlotinib™?®. Preli-
minary studies have suggested that temsirolimus has
efficacy in treating papillary RCC!****¢Y, Two randomized
controlled studies found that cytoreductive nephrectomy
followed by immunotherapy improved survival in patients
with metastatic RCC compared to immunotherapy
alone™*'%1, Similarly, a study of 314 patients with
metastatic RCC found that cytoreductive nephrectomy
followed by VEGF-TKI therapy improved survival com-
pared with VEGF-TKI therapy alone (19.8 mo vs 9.4 mo,
P < 0.01)™%,

The NCCN guidelines for stage 4 patients are as
follows”: (1) Cases that involve a potentially resectable
solitary metastatic site should undergo nephrectomy
and surgical metastasectomy; (2) cases that involve
a potentially resectable RCC with multiple metastatic
sites should undergo cytoreductive nephrectomy in
appropriate patients prior to systemic therapy; and (3)
cases with medically or surgically unresectable disease
should undergo systemic therapy.

The NCCN suggests that stage IV patients should
undergo baseline chest, abdominal and pelvic imaging by
CT or MRI pre-treatment or prior to observation, followed
by repeat imaging every 6-16 wk as per physician
discretion and per patient clinical status’®”. The imaging
frequency may be modified depending on the rate of
disease change and the sites of active disease!®.

CONCLUSION

RCC is not a single uniform entity but a group of related
neoplasms in which the histologic findings, cytogenetic
abnormalities, biologic behavior and imaging appea-
rances of the tumors are subtype dependent. The 3
main subtypes - clear cell, papillary and chromophobe
- can often be differentiated non-invasively based on
characteristic radiologic appearances. This knowledge is
useful for radiologists as it has an impact on prognosis,
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clinical management and treatment options.
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