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INTRODUCTION

Investigation and management of Renal Cell Carcinoma (RCC) has undergone lot of change due
to advances in genomics and biological discoveries. Recognition of mutations of the von Hippel-
Lindau (VHL) gene and resultant stabilization of the hypoxia response pathway as a major driver
of clear cell type RCC has gone a long way in targeting therapy [1-3]. Numerous new therapies are

emerging [1].
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EPIDEMIOLOGY AND ETIOLOGY

RCC is a common malignancy with an increasing incidence over the past decade, largely due
to the increased incidental detection of Small Renal Masses (SRMs) on cross-sectional abdominal
imaging [4-6]. Worldwide, RCC is the 9" commonest cancer with the highestincidence in developed
countries [1]. RCC is a tumour with increased predilection to the male sex with a ratio of 2:1
peak incidence is between the ages of 40 and 69 years. The point to be noted is that a significant
number of RCC are reported in patients less than 20 years of age and inherited variants have also
been documented [7]. Though reason for this and in men is not clear, genomic, occupational, and
other environmental exposures such as smoking have been implicated. With the increased use
of abdominal imaging, more and more incidental renal masses and RCC are being discovered [8].
The exact cause for sporadic tumours is still unknown. Surrogate risk factors include smoking,
obesity, systemic hypertension and phenacetin use. The lowest incidence is in countries of the
Asian sub-continent and the end of the spectrum comprises of the European nations and South

American region [7].
CLINICAL PRESENTATION

The classic triad of abdominal mass, hematuria, and flank pain accompanied by the various
associated paraneoplastic syndromes (internist’s tumor) exists only in half of the patients. With
widespread abdominal imaging, more than half of all renal tumors are incidentally discovered at
a low stage and are increasingly amenable to treatment [4]. RCC predominantly presents as an
incidental diagnosis and are almost always lower grade or stage of disease process and hence
herald a better prognosis [7]. Thus in the modern era, RCC is being referred to as the “radiologist’s
tumor” [4]. In addition, common findings include low haemoglobin, fever and elevated Erythrocyte
Sedimentation Rate (ESR). The uncommon presentation is a non-functional liver and kidney
(hepatorenal), increase in the number of red blood cells - polycythemia, increased calcium,
inflammation of the blood vessels, emboli in the blood vessel - thromboembolism, nephritic
syndrome and increased blood sugar levels due to glucagon secretion. Gonadotropin, renin and
mineralocorticoid secretion or deficiency and prolactin secretion, alpha fetoprotein deficiency or
systemic amyloidosis has been reported. In accordance to publication documentation the finding

of microscopic hematuria is a salient finding [7].
CLASSIFICATION AND PATHOLOGY

We have come to know in the past decade that not all RCC are related and all cancers are
independent entities (9). RCC are adenocarcinomas, derived from renal tubular epithelial cells
[10]. RCC are circumscribed by a pseudocapsule of compressed parenchyma and fibrous tissue
and are not grossly infiltrative, except collecting duct RCC and sarcomatoid variants. Grossly
RCC consist of yellow, tan, or brown tumor interspersed with fibrotic, necrotic, or hemorrhagic

areas with cystic degeneration in 10-25% of RCC (Figure 1). Cystic degeneration is associated
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with a better prognosis [11,12]. Calcification is found in 10-20% and can be stippled or plaque
like. Nuclear features are graded based on nuclear size and shape and prominence of nucleoli
by Fuhrman’s system. It is an independent prognostic factor for Clear Cell RCC (CCRCC) and
a significant predictor of outcome for PRCC (Figure 2) [11,13-15]. Invasion of renal capsule,
sinus or collecting system is found in 20% and further spread is often precluded by the Gerota
fascia. Most RCC are believed to originate from normal proximal tubular cells as suggested by
their ultrastructure like microvilli and renal medullary carcinoma and collecting duct carcinoma
which are more aggressive and arise from distal elements of the nephron [11,16-18]. Clear
cell, papillary, chromophobe renal cell carcinomas, collecting duct carcinoma, renal medullary
carcinoma, and urothelial carcinomas occur in the kidney along with benign lesions mimicking
RCC or complicating its management [11]. Additionally sarcomatoid variants have been identified
as forms of differentiation of each of the preceding five histological variants. We also have the
unclassified type which shows hybrids of the recognised tumour, sarcomatoid type of malignancy
without recognizable epithelial component and neoplasms which contain whose description
is not listed in the preceding variants. This would continue to be a sub-category with fluidity.
The conclusion is that of WHO classifies all the variants with no major exclusions [1,7]. The
International Union against Cancer staging system for RCC defines Stage 1 renal mass as an organ-
confined tumor up to 4 cm diameter (T1a) and between 4.1 and 7.0 cm in diameter (T1b). Stage 1
renal masses are amenable for Nephron-Sparing Surgery (NSS) and this is the preferred approach
to the resectable SRM [4].

Figure 1: Mounted museum specimen of renal cell carcinoma - Classic RCC; Well

circumscribed tumor with variegated appearance.
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Figure 2: Higher magnification of typical clear cell RCC - vegetable cell pattern; (H&E; 40X).
Salient Gross Features

Bilateral occurrence of RCC has be accounted for in 1-2% and they can be synchronous or
metachronous [1,7]. In 7-19%, multiple lesions in the kidney occur and clinicians have mammoth
task in finding the correct approach towards the tumour [7]. There is no single common feature
for all the variants and each have their own unique presentation, therein lies the beauty of these
tumours and inkling of what it could start from a through gross exam of the specimen itself.

Clear cell RCC (ccRCC)

They make up to around 70% of all renal cancers [1]. Histologically, they have clear cytoplasm,
with nested clusters of cells surrounded by a dense endothelial network, hence the name [1]. Most
sporadic RCC are unilateral and unifocal. Bilateral involvement (synchronous or asynchronous)
is found in 2-4% of sporadic RCC, although it is considerably more common in patients with
familial RCC, such as vHL disease. Multicentricity, found in 10-20% of cases, is more common
in association with papillary histology and familial RCC [7,11,19-21]. Satellite lesions are often
small and difficult to identify by preoperative imaging, intraoperative ultrasonography, or
visual inspection; they appear to be the main factor contributing to local recurrence after partial
nephrectomy [19]. Microsatellite analysis suggests a clone origin for most multifocal RCC within
the same kidney, but tumor in the contralateral kidney is likely to be an independent growth
if it is synchronous or a metastasis if it is asynchronous [22,23]. CCRCC accounts for 70-80%
of all RCC [11,16]. They are highly vascular, containing a network of delicate vascular sinusoids

interspersed between sheets or acini of tumour cells [7].
Gross

They are expansile circumscribed lesions in flush with adjacent renal parenchyma but are not
infiltrating. The cut surface is predominantly golden yellow due to the lipid content of the tumour,

haemorrhage and necrosis is a common finding, the higher the grade the lesion is prone to have
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more tan-brown areas that are visible on serial sectioning. Hereditary tumours by rule of thumb
are prone for multicentricity (Figure 3). The other point to be kept in mind is that haemorrhage
necrosis will lead to reabsorption and all that is left is a small tumour which is viable and the rest
is hemorrhagic. Calcification and osseous metaplasia is a common finding which amounts to 10%
of the CCRCC [7,11].

Figure 3: von Hippel Lindau (VHL) syndrome;Renal cell carcinoma: Large tumor with

characteristic yellow appearance with small cysts in cortex and second tumor in lower pole.
Microscopy

Clear cells are typically round or polygonal with abundant cytoplasm containing glycogen,
cholesterol, cholesterol esters, and phospholipids [24]. Granular cells with eosinophilic cytoplasm
and abundant mitochondria can predominate. CCRCC is more likely to exhibit venous tumor
extension [25]. The cells are arranged in nests, acini, solid sheets and alveolar structures. The
common finding is that no matter what the presentation is they are suspended in a delicate fibro
vascular stroma (Figure 4).The other finding is a cyst due to haemorrhage and reabsorbing with
very little viable tissue lining the cyst wall available for diagnosis. In addition intracytoplasmic
pigment laden cell rhabdoid features and cells with intracytoplasmic hyaline globules are seen.
Features of sarcomatoid features are also seen rarely. Nuclei are graded as per Fuhrman'’s system.
Immuno profiling of CCRCC s positive staining for EMA, low molecular weight cytokeratin, CAM 5.2
AE1/AE3, CK18, vimentin and CD10. RCC markers show brush border reactivity [7,13]. Prognosis
is worse even after stratification for stage and grade [26,27]. Chromosome 3 alterations occur in
more than 90% of CCRCC, leading to mutation or inactivation of the VHL, PBRM1, SETD2, or BAP1
genes. The familial form of CCRCC, the vHL syndrome has tumour suppressor gene inactivated.
Genetic feature closely associated with this CCRCC is loss or germ line mutation of the VHL
tumour suppressor gene and is identified in 60-90% of sporadic cases. Loss of this protein results
in stabilization of the family of Hypoxia Inducible Factors (HIF) which are protein transcriptional
activators of genes involved in mediating hypoxia response. This transactivates genes involved
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in angiogenesis, cell migration, and metabolism. The most commonly inactivated genes include
PBRM1, BAP1, and SETD2. Mutations occur in a variety of additional histone modifiers (KDM5a,
ARID1a, and UTX) [7,11]. Recent evidence suggests an association between SETD2 mutations
and changes in chromatin packaging [28-30]. Mutations in genes associated with mTOR pathway
signalling (PIK3CA, PTEN, and MTOR) are also identified [1]. Genetic eccentricity and chromosomal
addition and deletion are to be taken into consideration in cases of metastatic tumors since they
play a prominent role in tumour progress and its associated risk factors towards progress of the
tumour [7,11].

Figure 4: A. VHL, renal carcinoma - Clear cells and cysts; B. Typical alveolar arrangement of
cells (H&E; 40X).

Multilocular Cystic RCC

This basically an uncommon variant of RCC. This has been separated as an entity in the current
WHO classification. This was primarily interpreted as cystic lymphangioma, synonymously known
as Pearlman’s tumor with peak incidence between the 2" and 8™ decades [7].

Gross

They appear as multiloculated cysts surrounded by a fibrous capsule (Figure 5).

Figure 5: Multilocular cystic RCC.
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Microscopy

They are seen as cystic cavity lined by clear cell carcinoma cells as in Fuhrman nuclear grade
1 (Figure 6). The differentiating feature between cystic nephroma and the present tumour is that
the tumour cells are in the stroma which not seen in cystic nephroma. The conclusion is that

multilocular cystic neoplasm of low malignant potential [7].

Figure 6: Multilocular cystic RCC; A. Septa contain epithelial cells (mistaken for

lymphocytes); B. Epithelial cells in the septa of multilocular cystic RCC react with antibodies to
epithelial markers - EMA expression.

Papillary RCC (PRCC)

PRCC is the second most common tumour and has two subtypes - types 1 and 2 [11]. The
diagnosis is made based on features of papillary architecture on microscopy. Cells typically display
a basophilic cytoplasm, and the foamy histiocytes are characteristic of PRCC [1]. The second most
common histological subtype, represents 10-15% of all RCC [15]. Occurrence is common between
6" and 8™ decades. Clinically they present as hematuria without mass per abdomen, hence they

are identified incidentally most often [7,11].
Gross

They are white with spherical fairly well defined mass normally has a granular appearance
and frequent haemorrhage, mimicking cystic components radiologically (Figure 7). Hemorrhage
and necrosis is more prominent when the tumor is large. Bilaterality and multicentricity is seen
in 40% and is more common in end-stage renal failure and acquired renal cystic disease [7,26].
The cytogenetic abnormalities associated with the more common type 1 PRCC are characteristic
and include trisomy of chromosomes 7 and 17 and loss of the Y chromosome [31]. PRCC is more
likely to be hypovascular, perhaps owing to the lack of VHL mutations that regulate VEGF, the

primary proangiogenic molecule in RCC [32]. Mutations in the MET proto-oncogene predisposes
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to multifocal T1 PRCC and mutations in the Fumarate Hydratase (FH) gene carries a risk for
familial T2 PRCC [33,34]. Though sporadic tumours fall into the T1 or T2 PRCC, it is not clear
about the mutations and if they are similar to hereditary PRCC [1].

Figure 7: Papillary renal cell carcinoma. A. Papillary appearance in friable tumour. B. Gross

showing tumour haemorrhage and pseudoencapsulation. C. Yellow streaks reflecting foamy
macrophages.

Microscopy

PRCC has basophilic or eosinophilic cells arranged in papillary or tubular configuration’s the
nomenclature is based on the dominant histological presentation. They are sub-classified as types
1 and 2 based on their cytological features. Type 1 PRCC is characterised by papillary structures
or tubules lined by epithelial cells that are small by minimal cytoplasm and hyperchromatic nuclei
that are uniform in size and some of them exhibit features of grooving (Figure 8). Type 1 PRCC is
more common with basophilic cells and scant cytoplasm and associated with HPRCC syndrome
(Figure 9). Type 2 tumours comprise of comparatively larger cells with pleomorphic nuclei and
prominent nucleoli in a pseudo-stratified manner (Figure 10). The point to be noted is that both
the grades may show predominantly tubular forms or in the form of sheets, in the absence of
papillary form calcification and psammoma bodies can be seen, hemorrhage and necrosis in this
tumour does not portend bad prognosis. Foamy macrophages and pigmentladen macrophages are
common (Figure 11). Papillary variant has lymphnode metastasis, vascular invasion. Subsequent
distant metastasis is not a common finding. IHC profile of PRCC includes positive staining with
AE1/AE3,EMA,vimentin,CD10,RCCmarkers and acetyl CoA racemaseas with CCRCC CD10 will be
present at least focally in most cases mucicarmine and PAS will exhibit focal positivity CK7 is

positive for grade 1 carcinoma and negative for grade 2 [7,11,26].
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cytoplasm.

Figure 10: Hereditary papillary renal cell carcinoma (HPRCC) A; Tumors with papillary or
tubulo-papillary architecture, type 1. Macrophages seen in papillary cores; B. Hereditary PRCC
showing diffuse positivity for antibody to cytokeratin 7.
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Figure 11: Hereditary leiomyoma renal cell carcinoma (HLRCC); A. Papillary architecture,

type 2 (H&E staining, x10); B. Thick papillae are covered by tall cells with abundant cytoplasm,
large pseudostratified nuclei and prominent nucleoli.

Chromophobe RCC (CRCC)

Tumor cells in this histological type have a largely empty cytoplasm and typically have
the characteristic perinuclear clearing, with a low mitotic rate and these have the lowest risk
of developing metastases [1]. CRCC represents 5% of all RCC and appears to be derived from
the cortical portion of the collecting duct [35]. Loss of chromosomes 1, 2, 6, 10, 13, 17, and 21,
24 mutations in PTEN (10q23), TP53 (17p13) and mutations in tumor suppressor genes have
been identified in CRCC [1]. The familial syndrome is linked to Birt-Hogg-Dube (BHD) syndrome
caused by germ line mutations in the folliculin gene, FLCN [36,37]. They usually present in the 5%
to 7" decades and there no evidence of gender predominance. In most cases this is an incidental
finding [7,11].

Gross

They are usually well-defined or well circumscribed tan coloured masses which range from
8-20 cm (Figure 12). The cut surface shows foci of hemorrhage and necrosis, in 90% of the cases
the tumour is within the confines of the kidney [7,11].
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Figure 12: Chromophobe RCC-typical homogenous tan colored tumor in lower pole.
Microscopy

The tumor cells typically exhibit a relatively transparent cytoplasm with a fine reticular
pattern that has been described as a “plant cell” appearance. Most CRCC are resistant to the
pigment used during typical hematoxylin and eosin staining, but eosinophilic variants constitute
about 30% of cases [38,39]. In either case, a perinuclear clearing or “halo” is typically found and
electron microscopic findings consist of numerous 150-300nm microvesicles, which are the
single most distinctive and defining feature of chromophobe cell carcinoma and characteristically
stain positive for Hale colloidal iron, indicating the presence of a mucopolysaccharide unique to
CRCC (Figure 13-15) [11]. The point of interest is that the classical chromophobe tumour has
two populations of cells -the larger pale chromophobe cells and smaller eosinophilic cells with
nuclei with perinuclear halo. The larger cells are usually seen lining the vascular channels. The
eosinophilic cells have nuclear features of resinoid, crenated or irregular shapes, but the tumour
can present as exclusive cell population. Cell membranes are prominent almost plant like in
appearance typically and binucleation is a common finding. Occasional sarcomatoid features are
also seen. Microscopically typically solid brad columns with cores separated by delicate vascular

stroma are seen [7].
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Figure 14: CRCC: eosinophilic variant; A. Binucleated cells with perinuclear halos and tight

intercellular cohesions; B. Typical granular cytoplasm with perinuclear halo.

g
Figure 15: CRCC - Hale colloidal iron staining; A. Eosinophilic variant; B. Classic variant.

Immunohistochemistry

[HC reveals positive staining for pan-cytokeratin, epithelial membrane antigen, and
parvalbumin and negative for vimentin and CD10 [35]. CRCC is commonly seen in the Birt-Hogg-
Dubé syndrome, but most cases are sporadic (Figure 16) [40]. Most studies of the clinical behaviour
of CRCC suggest a better prognosis for localized CRCC than for CCRCC but a poor outcome in the
subset of patients with sarcomatoid features or metastatic disease [41,42].
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Figure 16: Birt-Hogg-Dubé syndrome (BHD); A. Hybrid oncocytic tumour composed of a
mixture of clear cells and cells with abundant eosinophilic cytoplasm. B. Smallcluster of clear
cells is surrounded by normal tubules, scattered through the renal parenchyma.

Collecting Duct Carcinoma

Carcinoma of the collecting ducts of Bellini accounts for <1% of all RCC, presents earlier with
advanced stage and poor prognosis and are infiltrative into cortex [35,43-45]. They show a gender
predilection for the males 70%. More the 50% of the patients are above 50 years. The other
interesting finding is that 50% of patients show regional lymph node involvement or diagnosis
[7,11].

Grossly

On cut section this tumor is found in the central part of the kidney. The tumor is not well-
defined and is rather in flush with the surrounding tissue. Grey to tan coloured with its size
ranging from 2-23 cm with an average diameter of 4-6 cm. Larger tumours may replace the entire
renal tissue by tumor and in certain cases is also seen bulging into the pelvis (Figure 17) [7,11].

Figure 17: Collecting duct carcinoma of Bellini-Tumor in flush with renal parenchyma.
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Microscopy

They consist of dilated tubules and papillary structures lined by a single layer of cuboidal
cells, creating a cobblestone appearance. Cells usually show grade 3 morphology. Prominent
desmoplastic response with acute inflammatory infiltrate accompanies the infiltrating neoplasm.
The tumor is seen infiltrating the adjacent renal parenchyma. Collecting ducts adjacent to the
tumour will show cytological atypia. IHC stains AE1/AE3, EMA, vimentin, cytokeratin34, BE12,
peanut lectin and common inference is that these that these markers are equivocal. Hematoxylin

eosin stains are preferred modality for interpretation (Figure 18,19) [11].

e TIE T e

Figure 18: Collecting duct carcinoma; A. Medullary location; B. Tubular type; C. High power-
small papillary infoldings of tubular lamina (H&E; 40X).
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Figure 19: Collecting duct carcinoma; A. Tubulopapillary type of growth; B,C- High grade

cytological atypia.
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Differential Diagnosis

PRCC appears to have interconnected structures and lack infiltrative features. Tubules are
discrete within a fibrous stroma, with infiltrative features. A point to be noted is that this tumour is
basically a diagnosis by exclusion. Deletions on chromosome 1q and monosomy of chromosomes
6, 8, 11, 18, 21 and Y have been reported [46-48]. Positivity for E-cadherin and c-KIT help to
distinguish this entity from aggressive PRCC [49].

Prognosis

These patients have an overall bad prognosis. Most of the patients succumb to the tumour
metastasis or present as presenting complaints of metastasis, 80% of the patients die of tumour
metastasis within 2 years of diagnosis. The 10 Year Survival (YS) in one of the studies is around
1.5% [7,11].

RENAL MEDULLARY CARCINOMA

Renal medullary carcinoma almost exclusively in patients with the sickle cell trait and is
typically diagnosed in young African-Americans, predominantly in the male, in the third decade
of life also known as seventh sickle cell nephropathy [50,51]. There have also been reported
cases without sickle cell trait. This carries worst prognosis with most patients succumbing to
their disease in a few months and they are metastatic at diagnosis with a mean survival of 15
weeks. Renal medullary carcinoma is thought to arise from the calyceal epithelium near the renal
papillae but is often highly infiltrative. It is found exclusively in patients with a hemoglobinopathy
and it is most commonly the sickle cell trait. It is characterized by loss of expression of the
chromatin regulatory gene SNF5/INI-1 [1,11]. It is also designated as an aggressive lesion a
variant of collecting duct carcinoma. The patients present with hematuria, flank and abdominal
pain. Patients also come with metastasis as the initial presentation. In the clinical setting of a
young patient with sickle cell trait, local invasion of the renal sinus on radiology strongly suggests
renal medullary carcinoma [7,11].

Gross

The neoplasm is medullary in location. Cut surface shows a poorly defined tan coloured lesion
sizes range from 4-12 cm, focal haemorrhage, necrosis, and invasion of the perirenal fat and renal

capsule. The other interesting finding is the presence of satellite lesions in the renal cortex [1,7].
Microscopy

The tumour has two main findings that the tumour cells which are large and irregularly placed
are in diffuse nests are more or less equal in proportion to the second element the desmoplastic
stroma. The latter two are the main components in forming the tumour mass. The two main
patterns are adenoid or cystic pattern. The infiltrative margin is rimmed by lymphocytes and

tumour cells admixed with neutrophils. The tumor cells are large with abundant cytoplasm.
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The nucleus is high grade with prominent nucleoli. The stromal elements would be intermixed
with stromal, rhabdoid or spindle in appearance; sickle cells are a rare finding since the tumour
is associated with a trait of sickle cell. IHC stains positive forAE1/AE3, EMA, CAM5.2, CEA and
epithelial mucin [1,7,11].

SARCOMATOID DIFFERENTIATION

Sarcomatoid differentiation is seen in 1-5% of RCC represent poorly differentiated regions
of other histology subtypes of RCC [52,53]. It is characterized by spindle cell histology, positive
staining for vimentin, infiltrative growth pattern, aggressive local and metastatic behaviour and
poor prognosis (Figure 20). It is currently stated to a dedifferentiation of any of the RCC [7].

Figure 20: CRCC with sarcomatoid dedifferentiation.

VARIANTS

The prognosis is dependent on the extent of sarcomatous content in the lesion. The tumour is
known to be associated with clear cell, papillary variant, chromophobe and collecting duct variant.
It is a challenge in identifying the primary tumour it is originally associated with a diagnosis by
deletion when after multiple sections fail to detect. Sarcomas of kidney are rare when compared
to sarcomatoid tumours of the kidney [7,11].

UNCLASSIFIED RCC

Unclassified RCC represents 1-5% of presumed RCC are poorly differentiated and are
associated with a highly aggressive biologic behavior and a particularly poor prognosis [54,55].
Low-grade tumors such as hybrid oncocytic tumors are indeterminate between CRCC and
oncocytoma, should not be placed into this category, which denotes poor prognosis. These tumor
types individually contribute to <5% each of RCC cases and are thought to be derived from the
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tubules, with regional variance in the site of origin. They can also arise from the cells and tissues
that constituting the renal medulla and collecting system. These tumors namely the collecting
duct carcinoma, renal medullary carcinoma, and urothelial carcinoma are highly distinct disease
entities with no much resemblance to ccRCC [1,7,11]. Classification will change as we move on
over the years and the classification will be an inclusive one with the addition of this entity. The
entity called as unclassified tumours will prevent the act of pigeonholing the tumour to its name

regardless of its criteria [7].

RARE NOT SO COMMON VARIANTS
Lympho Epithelial Carcinoma of the Kidney

First reported in 2002 identified by soft tumour experts Elsilver and his colleagues. It was first
identified in a female patient in her late 60s and with nodal metastasis. She succumbed to death
with 10months of diagnosis which treated was with radical nephrectomy and chemotherapy.

Lymphocytic infiltrate with carcinomatous cells was observed [1,7,11].
RCC Following Neuroblastoma

The hypothesis is based on the tumours due to genetic susceptibility. The role of therapy for
the evolution of the tumour is to be borne in mind. The time of detection of tumor ranges from
3-35 years. Their gender distribution is equal and both unilateral and bilateral presentations are
documented. About25% of the tumours has behaved in an aggressive manner but prognosis is
dependent on the TNM staging. These tumours by their nomenclature per se are unique by virtue
of the fact that they do not fit into the Heidelberg classification [1,7,11].

Microscopy

We can see the tumour cells in the form of sheets papillae and reticular fashion. All the cells
are large with abundant eosinophilic to clear cytoplasm associated with pleomorphic nuclei and
occasional giant cell. IHC is positive for cytokeratins CK8, and CK18, EMA and vimentin. Genetic
studies of 14q31 and 29q13. Diagnosis is by corroborating with all the above factors [1,7,11].

Low grade mucinous tubular and spindle cell carcinoma: First documented in 1997, it has
a female gender predilection and peak incidence is 6th to 8th decades. It is usually incidentally
diagnosed and occasionally patients present with hematuria [1,7,11].

Gross
Itis a solid tan coloured mass whose size ranges from 2-17 cm.
Microscopy

Predominantly cells are tubular to spindle shaped with bland cytological appearance. [HC is
positive for cytokeratin, vimentin, NSE, EMA, chromogranin and AMCR [1,7].
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RCC Due To Translocation and TFEB Gene Fusion

This is arecent addition. They usually present in childhood and in young adults with their ages
ranging from 9-33 years. Microscopically they present as solid cords of cells with patchy papillary
formation and psammoma bodies. They also have an alveolar pattern lined by large eosinophilic
cells with clear cytoplasm or granular to clear cytoplasm with round nucleus and prominent
nucleoli. IHC is invariably positive for HMB-45 and Melanin-A and is negative for keratin. Specific
binding to TFEB protein is present.TFE3 is specific for Xp11.2 tumours [1,7,11].

The conclusion of the different histological classification gives a more eloquent picture of
the nature of each tumour for its aggressiveness. In summary multilocular cystic carcinoma is
least aggressive. Chromophobe and PRCC are of intermediate aggressiveness, collecting duct and

medullary are of the most aggressive of histological variant [11].
Premalignant and benign Lesions Arising in the Kidney

Benignlesionslike angiomyolipomas share radiographic characteristics with RCC. Sarcomatous
change can produce a large growth and spontaneous haemorrhage. Oncocytomas which have low
malignant potential, share cytological and biological features with CRCC and can complicate the
diagnosis on histopathology [1].

STAGING AND PROGNOSIS

The staging of RCC goes back to 50 years. The commonest staging system is the AJCC Tumor
Node Metastasis (TNM) system and it was last revised in 2010. (1)Patients with stage I RCC have
a five year disease specific survival (5YS) of 80-95%. Stage Il RCC has 5YS of around 80% and
tumor invasion of the urinary collecting system is associated with significantly worse prognosis
in stages I and II with 5YS dropping drastically to 60% In stage III RCC, 5YS is 60% and during
the cytokine era (1986-2006), stage IV RCC had a 5YS <10%, with median Overall Survival (0S)
of 10-15 months. With the advent of targeted agents, the median OS in patients with stage IV is
beyond two years now [56-60]. In addition to the above mentioned factors tumour staging has a

direct inverse impact on patient morbidity and mortality [1].
Nuclear Grading
Grade Description
1- Small, round, uniform nuclei with inconspicuous or absent nucleoli
2- Larger nuclei with irregular out line and small nucleoli
3- Larger nuclei with irregular outline and prominent nucleoli
4- Grade 3 features with bizarre, multinucleated cells with or without spindle cells

The above grading when relevantly applied will not only validate the tumour grading system

but also will sub classify each tumour within each tumour stage group [13].
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TNM STAGING OF RENAL NEOPLASM (AJCC 7TH EDITION, 2010)
[1,61]

TX-primary tumor cannot be assessed

T0-no evidence of primary tumor

T1-Tumor7cm or less in diameter, limited to kidney
T1la-Tumor 4cms or less in diameter, limited to the kidney
T2-Tumor more than 7 cm in diameter limited to the kidney

T3-Tumor invades the major vein or invades adrenal gland or perinephric tissue but not

beyond the Gerota fascia

T3a-Tumor grossly extends into the renal vein or its segmental (muscle-containing) branches,

or tumor invades perirenal and/or renal sinus fat but not beyond Gerota fascia
T3b-Tumor grossly extends into the vena cava below the diaphragm

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

vena cava

T4-Tumor invades beyond Gerota fascia (including contiguous extension into the ipsilateral
adrenal gland)

Nx-Regional lymph nodes cannot be assessed
NO-No regional lymph node metastasis
N1-Metastasis in regional lymph node(s)
Mx-Distant metastasis cannot be assessed
MONo-distant metastasis

M1-Distant metastasis

ROLE OF PERCUTANEOUS NEEDLE BIOPSY FOR RENAL MASSES

Despite more small (T1) tumours being identified mortality from RCC remains the same. Earlier
detection and treatment have not had dramatic effects on population outcomes, thus implying
that not all SRM will be dangerous. Percutaneous Renal Mass Biopsy (RMB) provides a minimally
invasive method for discriminating benign from malignant renal masses, and helps in stratifying
malignant risk. With advances in image-guidance, RMB can be performed safely and effectively,
with a low complication and a high diagnostic yield (> 90%) [62]. There is a resurgence in RMB
in the past 10 years to stratify patient risk and to avoid unneeded surgical or ablativetherapies

[63-68]. This change is due to increasing incidence of SRM, RCC, smoking, obesity, hypertension
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and increased imaging utilization (ultrasound, Computed Tomography [CT], Magnetic Resonance
Imaging [MRI] performing earlier and aggressive surgical or ablative therapy, to rule out
benign lesions before treatment decisions and low risk of significant complications following
percutaneous RMB [62,69-72]. The established indications for RMB in solid renal mass are: known
extra renal primary malignancy to identify if renal lesion is benign, malignant or metastatic; in
unresectable solid renal mass for tissue confirmation before systemic and/or radiation therapy
as no nephrectomy specimen may be available; in presence of significant comorbidities with
minimal physiologic reserve and not suited for elective surgery and to decide how aggressively
to manage the renal mass and if renal mass is presumed secondary to infection [62,64]. Imaging
characteristics which suggest RMB should be done include: small homogeneous hyperdense
avidly enhancing renal mass on CT and minimal fat AML; intracellular lipid-containing T2-
hypointense renal mass on MRI; avidly arterially enhancing T2-hypointense renal mass on MRI;
rapidly developing ill-defined mass in a patient with risk factors for urinary tract infection and to
rule out focal bacterial pyelonephritis; infiltrative renal mass to rule out urothelial carcinoma and
lymphoma as management of these entities differs dramatically from both one another and that
of traditional solid renal masses; multiple solid renal masses without macroscopic fat to rule out
lymphoma and hereditary syndromes (BHD syndrome, hereditary leiomyomatosis, familial renal
oncocytoma) [73,74]. PB of the largest and/or most suspicious-appearing renal mass can help

determine the type and aggressiveness of management [62].
Techniques

Coaxial technique has been devised to improve the biopsy success rate and reduce procedure
time. A larger gauge cannula (18G) is advanced to the renal mass, and then a smaller gauge
(=21G) needle is placed through it. Fine Needle Aspiration (FNA) specimens are read by the
cytopathologist at the time of the procedure to ensure the adequacy of the sample and core needle
biopsies are for histological analysis [62]. Automatic side-cutting needles produce 8-17mm core
specimens and can be sent in formalin. Reported sensitivity of FNA for diagnosing malignancy
ranges from 64-97% and is highly dependent on the competence of the cytopathologist. Core
needle biopsy has sensitivities for malignancy ranging from 79-100% and false-negative rates
of 0-21% [62]. Core biopsy specimens has the advantage of being amenable for IHC and genomic
analysis. Minimum number of specimens needed to provide an adequate specimen has not been
determined [75].

Complications

Complications reported include haemorrhage, needle track seeding, pseudoaneursyms and
arteriovenous fistulae [76-80]. Clinically significant hematomas or bleeding is unusual though
>90% patients have some bleed. Needle track seeding is a potential risk is seen in <0.01% patients.
Recent series report no cases of tumor seeding probably attributable to improved practices such
as the coaxial technique [62].
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Diagnostic Accuracy

The probability of malignancy within a small solid renal mass has been found to be inversely
related to renal tumor size, with up to 22% of such masses measuring 1 to 4 cm proving benign.
In addition, malignancies found in these smaller masses tend to be lower grade and more indolent
than those found in larger masses [62]. In arecent study, Halverson, et al. retrospectively evaluated
151 small renal masses that underwent both percutaneous renal mass biopsy and subsequent
partial or radical nephrectomy. For diagnosing malignancy, there was complete concordance
between the histology rendered from core biopsy and that rendered by surgery. Histologic
concordance was 94% and Fuhrman nuclear grade concordance was 65%. Similar results have
been reported by others with histologic subtyping accuracy ranging from 88-94%, and grading
accuracy ranging from 64-70% [80,81]. Lack of concordance was largely attributed to tumor
heterogeneity, which is undoubtedly present in many tumors. Image-guided percutaneous renal
mass biopsy is a highly accurate procedure with minimal morbidity that can be used to detect
benign disease, differentiate primary from secondary renal masses, and decrease the number
of unnecessary extirpative therapies. Image-guided biopsy will likely continue to aid in the
management of incidentally detected renal masses, in particular for patients undergoing active
surveillance algorithms and/or minimally invasive therapy [82]. Advances in the understanding
of the limited biological potential of many SMRs, expanding treatment and surveillance options
for RCC, improved biopsy techniques, and the integration of molecular factors into prognostic and
therapeutic algorithm shave renewed interest in RMB. Intratumoral heterogeneity, sampling error
and inconsistent classification of RMB failures in published studies make a precise determination
of RMB accuracy difficult. Uniform reporting of RMB safety and efficacy in the literature as well as
further studies addressing tumor heterogeneity and sampling error are needed. Differentiation
of oncocytoma from oncocytic neoplasms poses a diagnostic dilemma, but incorporation of more

sophisticated molecular analyses into enhanced RMB has promising potential [62,82].

Despite these limitations, RMB has a definite and expandingrole in the evaluation and treatment
of renal masses, but remains significantly underutilized. While the ability to differentiate between
high and low grade malignancies remains the chief limitation of RMB, we anticipate the further
integration of percutaneous biopsy into clinical algorithms will guide patient counseling and
inform personalized decision making. Future studies will focus on the role of repeat biopsy and
the use of biomarkers and molecular fingerprinting in order to facilitate a more rational approach

to the management of renal masses [62].

MANAGEMENT OF LOCALIZED DISEASE

Partial (PN) or Radical Nephrectomy (RN) remains the gold standard for the management of
renal masses. The selection of tumors for PN has long been dictated by the anatomic location of

the tumor, tumor stage, or other features that limit the potential for a complete tumor resection

[1].
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Nephrectomy (Partial v Radical) and Laparoscopy

Randomized clinical trials have examined the potential for nephron sparing approaches to
preserve kidney function and reduce the long term morbidity associated with having a solitary
kidney [83]. RN has a 10YS of 81.1% and NSS has 10YS of 75.7% and PN had preservation of
renal function [84]. The recent guidelines recommend PN when anatomically feasible or RN
when appropriate [85]. Laparoscopy has the advantages of improved postoperative recovery
and greater surgical field visibility. Laparoscopic PN is associated with an increased rate of
conversion to RN when compared with robotic techniques and a greater decrease in estimated
glomerular filtration rate. There were no significant differences with respect to warm ischemia
time, estimated blood loss, transfusion rate, or postoperative complication and cost comparison

models currently favour the standard laparoscopy [86].
Nephron Sparing Surgery

NSS includes surgical PN and ablative therapies such as cryoablation and radiofrequency
ablation are also successfully used to preserve renal tissue on an ipsilateral renal unit. NSS has
been proven feasible decades ago for patients with imperative indications to preserve maximum
kidney function. Chronic Kidney Disease (CKD) has been linked to cardiovascular disease,
hospitalization, and death [87,88].

Nephron Sparing Surgery (NSS) is the standard of care for clinically localized T1la SRMs,
however alternative minimally invasive and conservative treatment options are possible in select
comorbid or elderly patients [1]. The optimal treatment modality is based on clinical assessment
of patient comorbidities and tumor characteristics, but SRMs represent a heterogeneous group
of benign and malignant histologic entities, with clinical and biologic behaviour unpredictable by

conventional imaging [1,62].
Indications for PN

Absolute indications for NSS include conditions rendering the patient dialysis dependent with
complete resection of a tumor-bearing kidney. These conditions include bilateral tumors or a
tumor in a solitary functioning kidney. Relative indications for NSS include conditions that present
any current or future risk to renal function. These risks include, but are not limited to, calculus
disease, renal artery stenosis, chronic pyelonephritis, ureteric reflux, diabetes, and hypertension
[4]. General guidelines suggest that peripheral tumors 7 cm and smaller are more amenable to
NSS. Better outcomes are observed with solitary clinical stage T1 tumors. AUA and NCCN clinical
guidelines prefer partial nephrectomy to RN for the feasibly resectable T1arenal mass. RN and NSS
are equivalent treatment alternatives for the T1b renal mass. Partial nephrectomy has a higher
local recurrence rate for tumors larger than 7 cm but is possible when imperative indications
exist. With lower oncologic efficacy in T2 tumors, NSS should be used in limited situations [1,4].
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Evaluation

After complete history and thorough clinical examination imagingin the form of chest
X-ray or Computed Tomogram (CT) and abdominal CT or Magnetic Resonance Imaging (MRI)
to exclude locally advanced or metastatic disease with three-dimensional reconstruction to
accurately visualize vascular anatomy and the relation of tumor to normal renal parenchyma and
regarding lymphadenopathy, or segmental or renal vein invasion. The approach to a SRM is based
on tumor size, stage, and location. The RENAL Nephrometry and PADUA scores provide useful
scoring systems to predict operative time, Warm Ischemic Time (WIT), change in glomerular
filtration rate, and conversion to nephrectomy [1,4,11]. Higher body mass index and increased
intraabdominal fat are also predictive for perioperative complications and/or surgical difficulty
for patients with SRMs [62]. For completely endophytic tumors, a preoperative renal ultrasound is
a useful adjunct; tumors that are isoechoic to kidney tissue on ultrasound may be very difficult to
identify intraoperatively. Patient counseling involves a review of the alternatives including active
surveillance, ablative therapies, option of Renal Mass Biopsy (RMB), NSS, and RN. Healthy, thin
patients with RENAL Nephrometry scores of 8 or less are more straight forward with lower risks
of complications from NSS. Patients with abundant perirenal fat or higher RENAL Nephrometry
scores (9-12) are counseled about higher risks of complications and longer operative times [4,89-
91]. Stronger considerations for either observation or RN are made in morbid patients with SRMs
or T1b renal masses, respectively. Percutaneous RMB can be a useful adjunct with sensitivity,
specificity, positive predictive value, and Negative Predictive Value (NPV) of 89, 60, 100, and 75%
respectively. Patients with benign pathology on biopsy are preferably observed [1,4,11].

Technique for Nephron-Sparing Surgery

The goal of PN is complete excision of potentially malignant tissue without malignant cells
at the border of the surgical specimen, with maximum preservation of nearby normal renal
parenchyma. Most NSS requires renal vessel occlusion during the excision, and renal tubular
tissue is particularly sensitive to ischemia; the WIT, therefore, should be minimized. Damage to
renal tubular tissue is directly related to WIT. Although the upper limit of WIT is debatable and
probably has other patient variables, a limit of 20 minutes is a generally accepted guideline. If
the WIT is expected to be longer than 20 minutes, thought should be given to cooling the kidney
tissue with ice slush, as lowering the renal parenchymal temperature allows for longer periods
of excision. In addition, application of renal cooling should be strongly considered in patients
with imperative indications for partial nephrectomy. There are techniques for limiting renal
ischemia during partial nephrectomy that include selective clamping of segmental renal vessels
or parenchymal compression that limits WIT to areas of polar excision. Intra operative ultrasound
with Doppler can be useful for not only illuminating the planes for planned excision but also to
determine arterial inflow for the tumor. A process for a zero ischemia partial nephrectomy has
been described that uses anesthetic permissive hypotension with meticulous dissection and
clipping of the intrarenal vasculature. Renal autotransplantation with ex vivo tumor excision has
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also been described in rare instances. It is worth noting that tumors of nearly all sizes and location
shave been treated with NSS, including some with renal vein invasion [92,93].The kidney can be
approached with traditional open surgery or laparoscopically [4].

Ablative Approaches

Ablative therapies have seen an increase in use and acceptance for a variety of reasons.
Renal masses can be managed with definitive radiofrequency ablation, microwave ablation,
cryoablation and stereotactic radiation. The effect on the tumor is unclear because evidence of
viable tumor cells has been found on post-ablation histological examination, even when radio
graphically the tumor appears to be fully ablated. No randomized studies have compared ablative
therapies with nephrectomy or directly compared the ablative options themselves. Owing to the
limited invasiveness of ablative techniques, they have an important role in managing small renal
masses in patients whose comorbidities or other factors preclude surgical intervention [1,11].

RISK FACTORS FOR PROGRESSION

Several clinical algorithms have been evaluated and validated for predicting the risk of
developing recurrence after definitive local treatment. One of the first is the still widely used
Leibovich prognostic score, which incorporates tumor size, stage, grade, histologic necrosis, and
regional lymph node status in an algorithm designed to assess risk for developing metastatic
disease [94]. Other models include the Mayoclinic Stage, Size, Grade, And Necrosis (SSiGN) model;
the University of California, Los Angeles Integrated Staging System (UISS), which quantifies stage,
tumor grade, and performance status; and other preoperative clinical risk algorithms [95-100].
A recent review of algorithms compared these tools [101]. Although many biological and genetic
features of RCC have recently been identified, none has yet been prospectively validated as risk
factors. As our knowledge about these gene mutations, gene expression patterns, and protein
expression patterns develops, it will be essential to integrate them into currently used clinical
algorithms [1].

Prognostic Algorithms for Patients with Metastatic Disease

The Memorial Sloan Kettering Cancer Center (MSKCC) assessed 670 patients with metastatic
RCC who received immunotherapy and devised a prognostic algorithm [102]. Five independent
adverse features were ultimately included in the algorithm including the Karnofsky performance
status (<2), less than one year between diagnosis and first systemic treatment, hypercalcemia,
anemia and lactate dehydrogenase >1.5 times the upper limit of normal. Patients with none of the
five negative features had a median survival of 30 months, whereas those with three or more had
a median survival of 4.8 months. With advent of molecularly targeted therapy, a six component
algorithm was derived wherein instead of lactate dehydrogenase it included thrombocytosis
and leucocytosis. This algorithm also separated patients into prognostically distinct categories
[1,103].
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MANAGEMENT OF METASTATIC DISEASE

The treatment of metastatic RCC has changed greatly over the past 15 years. Established
practice is to perform cytoreductive nephrectomy before starting systemic drugs in most patients
[104-106]. This is followed by treatment with a chosen combination of eight US Food and Drug
Administration approved agents, which include immunotherapeutic drugs, antiangiogenic agents,
and mTOR inhibitors. Data from the National Cancer Institute’s Surveillance, Epidemiology and End
Results (SEER) program point to an increase in overall survival for patients with metastatic RCC
who were diagnosed after 2005 [104]. Median survival among patients receiving cytoreductive
nephrectomy increased with the introduction of targeted therapy (19 v 13 months), while median
survival among patients not receiving cytoreductive nephrectomy increased only slightly (4 v 3
months) [104]. Nevertheless, even with treatment, in most people the disease progresses and is
the cause of their death. Better treatments are clearly needed [1].

Cytoreductive Nephrectomy

In the US, about 17% of patients diagnosed with de novo RCC present with metastatic
disease [4]. Survival advantage was observed in patients with metastatic RCC who underwent
cytoreductive nephrectomy before treatment with interferonalfa [105,106]. There is a gradual
rise in the proportion of patients who underwent cytoreductive nephrectomy from 29% in 1993
to 34% in 2010 [104].

Adjuvant Therapy

Unfortunately, no adjuvant therapies have been proved to have a significant benefit in RCC.
Randomized trials of cytokine immunotherapies showed no benefit [107-109]. Preoperative
therapy is currently used to shrink borderline or unresectable tumors when it is a safe option
for patients with biopsy confirmed clear cell histology. Effects on the risk of recurrence or other
outcomes are not known [1].

MOLECULAR BIOMARKERS

The availability of agents directly targeting tumorigenic and angiogenic pathways has
significantly improved the outcomes of patients with advanced RCC in recent years. However, all
patients eventually become resistant and a substantial percentage experience immediate disease
progression with first-line targeted therapy. In addition, patients have variable clinical benefit
and/or tolerance to different agents, including drugs within the same class. Thus, the choice
of therapy for an individual patient remains empiric at present. Upon this landscape, several
molecular biomarkers have been investigated with the purpose of guiding therapy [1].

Many potential prognostic and predictive molecular biomarkers have now been identified in
RCC, although none has yet entered into clinical practice, and all require prospective validation
in appropriately designed randomized studies. This includes prognostic biomarkers correlating
with the outcome of patients independent of therapy, and predictive biomarkers of treatment
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response, including circulating biomarkers (such as VEGF and VEGF-related proteins, cytokine
and angiogenic factors, and lactate dehydrogenase), and tissue-based biomarkers (such as single-
nucleotide polymorphisms). In the near future, however, validated biomarkers may become
integral to management strategies in RCC, enabling tailored treatment for individual patients to
improve clinical outcomes [110].

To date, the strongest biomarker evidence in mRCC is from independent prognostic markers
or independent predictors of response in phase III studies, or pooled data from multiple studies.
Baseline VEGF has been identified as an independent prognostic marker in two randomized
phase III studies [111,112]. There is a large body of evidence investigating SNPs as potential
biomarkers, although the research is still in its infancy and requires further investigation. In
addition, data are emerging to suggest that specific CAFs or multi-CAF signatures may have
predictive value as biomarkers of response to VEGF inhibitors, although large prospective
studies are required to validate these preliminary findings. New biomarkers are also emerging.
It has been shown that Programmed Death-1 (PD-1) receptor and Programmed Death Ligand-1
(PDL1)-positive renal cancers are associated with poorer prognoses than those that are PD-1/
PD-L1 negative, and agents inhibiting various elements on the PD-1/PD-L1 pathway are currently
in clinical development [113,114]. Whether tumor expression of PD-L1 is predictive of response
to these agents in RCC is currently unknown but will be critical to explore as clinical development
proceeds. MicroRNA and Circulating Tumor Cells (CTC) as biomarkers are other expanding fields
that have not yet been well explored with advanced RCC treatments; preliminary studies indicate
that circulating miR-1233 may be a potential biomarker for patients with RCC [115]. Moreover,
detection of cytokeratin 8/18-expressing CTCs in peripheral blood correlated with poor OS [116].
Further studies are required to fully understand the potential of these markers as predictive and
prognostic biomarkers in RCC. Progress in validating individual biomarker candidates is likely
to be linked to the development of future immunotherapeutics or molecularly targeted agents.
The combination of molecular or genetic biomarkers into a signature may also be valuable for
differentiating patient groups in terms of response or potential for toxic effects. Targeted agents
have significantly improved outcomes for patients with RCC, to the extent that advanced RCC
may be considered a chronic treatable condition in some cases; however, there is a clear need to
further incorporate molecular factors in clinical decisions. Although specific treatment guidelines
will be required, the development of validated clinical and molecular biomarkers should facilitate
patient management and further improve clinical outcomes by allowing more specific tailoring of
treatment to the individual patient [110,117].

CURRENTLY AVAILABLE SYSTEMIC DRUGS

Three major categories of systemic drugs are currently being used to treat metastatic RCC:
cytokines, drugs that target the VEGF pathway, and mTOR inhibitors [1].
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Cytokines

High dose Interleukin 2 (IL-2) was approved by the FDA in 1992 [75]. Patients showed an
overall response rate of 15% and a complete response rate of 5%. Most complete responses
achieved with high dose IL-2 were durable, which provided the main impetus for FDA approval.
Because of the rigors of receiving high dose IL-2, the patient population was highly selected-
patients had excellent performance status, robust lung and cardiac function, and an age of less
than 70 years. A higher response rate and complete response rate with high dose IL-2 but no
difference in overall survival, probably because the trial was underpowered.76Similarly the
response rate was 23.2% for high dose IL-2 versus 9.9% for subcutaneous IL-2 plus interferon
with no difference in overall survival was seen between arms [118]. Efforts to identify predictive
biomarkers for response to high dose IL-2 have so far been unsuccessful. Interferon alpha was
the mainstay of treatment for patients with metastatic RCC until the advent of targeted therapies
with modest survival advantage when compared with placebo [119,120]. Interferon was clearly
inferior to most of the newer agents in terms of Progression-Free Survival (PFS) measures and
was poorly tolerated and thus has been phased out in metastatic RCC except in combination with

bevacizumab [1].
Drugs that Target the VEGF Pathway

The discovery of VHL mutations in VHL disease and in most sporadic CCRCC, led to the
development of agents that target circulating VEGF and VEGF receptors. Five agents have been
approved by the FDA for the treatment of metastatic RCC, including the intravenous VEGF
inactivating antibody bevacizumab, and the orally bioavailable small molecule VEGF receptor
inhibitors sorafenib, sunitinib, pazopanib, and axitinib [1,121-127]. These agents vary in the
number of addition tyrosine kinases that they target and the avidity with which they bind and
inactivate the VEGF receptor [128]. These agents are thought to target the tumor endothelium
and to have minimal effect on the tumorcells [129]. A striking finding in patients treated with
these agents is the association between treatment emergent or antecedent hypertension and

improved patient survival [130].

Sorafenib increased PFS to 5.5 months and was FDA approved in December 2005 but
unfortunately, when tested in a phase Il randomized study, PFS was 5.7 months for sorafenib
compared with 5.6 months for interferon and has therefore been second line treatment for most
patients.122,131 Sunitinib was FDA approved in January 2006 a PFS of 11 months when compared
with IFN [125]. Sunitinib is currently a commonly used first line treatment. Pazopanib was FDA
approved in October 2009 for the treatment of advanced RCC with PFS of 11.1 monthsin treatment
naive subgroup [132]. Pazopanib was non-inferior to sunitinib with a median PFS was 8.4 months
with pazopanib and 9.5 months with sunitinib, and 11/14 quality of life measures favoured
pazopanib over sunitinib. Axitinib was FDA approved in January 2012 for treatment refractory

RCC based on 723 previously treated patients with metastatic RCC to axitinib or sorafenib [127].
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Overall PFS for axitinib was 6.7months versus 4.7 months for sorafenib and PFS for patients who
progressed on sunitinib was 4.8 months for axitinib treated patients and 3.4 months for sorafenib
treated patients. Axitinib dose escalation improved the overall response rate but did not alter
PFS [133]. Combination of bevacizumab plus interferon was FDA approved in 2009. No phase III
studies to test the efficacy of bevacizumab monotherapy have been published [1].

mTOR Inhibitors

The second major class of molecularly targeted agents used to treat metastatic RCC targets
mTOR, a serine-threonine protein kinase within the family of Phosphatidylinositol-3-Kinase
(PI3K) related kinases. Mutations in the PI3K pathway upstream of mTOR and in mTOR itself
occur in RCC, suggesting that this pathway is important for renal carcinogenesis. Both agents bind
to the prolylisomerase FKBP12, and this complex in turn inhibits mTOR activity. Temsirolimus
was FDA approved in 2007 [134,135]. Almost 20% of patients had non-clear cell histology and
only two thirds had undergone cytoreductive nephrectomy. OS was 10.9months versus 7.3 months
for the interferon monotherapy arm. Temsirolimus is currently used mainly in poor risk patients
as a first line drug. No significant difference was seen for PFS or overall response rate between
temsirolimus and sorafeniband surprisingly OS was significantly longer with sorafenib. Though
unclear why, this result dampened enthusiasm for temsirolimus as a treatment for patients
who do not respond to VEGF receptor inhibitors. Everolimus was FDA approved in 2009 for the
treatment of patients who progressed on sorafenib, sunitinib, or both. Everolimus is commonly
used as a second line or third line drug. Currently, no data support the use of everolimus as a first
line drug [1].

EMERGING TREATMENTS AND CONCEPTS IN RCC
Immune Checkpoint Blocking Agents

Recently, monoclonal antibodies against immune checkpoint blockade molecules including
CTLA-4 (cytotoxic Tlymphocyte antigen 4) and PD-1 (programmed cell death 1) have been shown
to have clinical activity against several cancers, including RCC. For T cells to be activated for tumor
cell killing, two sets of stimulating signals must be present. The first activating signal is provided
by interaction between the T cell receptor and antigen bound to the Major Histocompatibility
Complex (MHC). The second signal is mediated by interaction between a T cell costimulatory
molecule CD28 and its ligands, the B7 proteins [136]. CTLA-4 is expressed by activated CD4 and
CD8 T cells. It is a homolog of the T cell costimulator CD28 but has a higher binding affinity for
CD28 ligands. Upon T cell activation, signaling pathways lead to production of CTLA-4, which
is then mobilized from intracellular vesicles to the cell surface, where it out competes CD28 for
binding toB7 proteins. Binding of CTLA-4 to B7 proteins interruptsCD28 costimulatory signals
and thereby limits T cell responses [136,137]. Owing to the negative regulatory effects of CTLA-
4 on T cell responses, it was hypothesized that blockade of CTLA-4signaling would potentiate

immune responses against tumor cells. The first antibody to block CTLA-4 (ipilimumab) was
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tested for the treatment of metastatic RCC in the phase II clinical trial MDX010-11 but showed
only modest activity [138]. Similar to CTLA-4, PD-1 also negatively regulates T cells. It exerts this
effect by binding to two ligands, PD-L1 andPD-L2, which are expressed on several cells, including
antigen presenting cells and tumor cells. A recent phase I clinical trial with an anti-PD1 antibody
showed an 18-28% objective response rate. Among patients with metastatic RCC in this trial,
there was a 27% clinical response rate, with most responses lasting more than a year [139].

Another almost concurrent phase I trial with an anti-PDL1 antibody found an objective
response rate of 6-17% in patients with advanced non-small cell lung cancer, melanoma, and
RCC [140]. Among patients with metastatic RCC in this trial, there was a 12% response rate, and
41% of patients whose disease stabilized remained stable for at least six months. A phase III
clinical trial of anti-PD1 in patients with metastatic RCC is ongoing. Combinations of anti-CTLA-4
and agents that target the VEGF pathway are also being investigated. However, despite their
promising efficacy, immune check point blocking agents have associated toxicities, known as
immune related adverse events, including colitis, hepatitis, and hypopituitarism. Understanding
the mechanisms and management of these adverse events will be an important aspect of effective
use of these agents [1].

Other Targeted Agents

Newer agents that target the VEGF pathway, PI3K pathway, and mTOR pathway are in
development. Recently, the FDA rejected a newer VEGF receptor inhibitor, tivozanib, as there
was no significantly improved median OS, although it did significantly prolong median PFS, when
compared with sorafenib in patients with advanced RCC [111]. Cabozantinib, a tyrosine kinase
inhibitor of VEGF, the cellular receptor KIT, and MET, was tested in a phase II trial and showed
a 28% overall response rate and 52% stable disease rate, with a median PFS of 14.7months. A
phase III clinical trial of dovitinib, an inhibitor of fibroblast growth factor, in addition to a VEGF
receptor inhibitor, failed to show a superiority of this combination versus sorafenib in terms of
PFS [141].

GENOMIC HETEROGENEITY AND IMPACT ON TREATMENT

Owing to its prevalence, CCRCC is the most genetically well studied subtype of RCC. A recent
analysis of data from the Cancer Genome Atlas (TCGA)-which included comprehensive integrated
analyses of somatic alterations as well as analysis of DNA methylation profiles, RNA expression
profiles, and protein expression profiles-has illustrated the genomic heterogeneity of CCRCC
[1]. Firstly, these analyses confirmed previously identified major genetic changes that underlie
CCRCC, including mutations in genes that control cellular oxygen sensing (such as VHL) and
the maintenance of chromatin states (such as PBRM1, BAP1, and SETD2), as well as genes in
them TOR pathway (PIK3CA and MTOR) [105]. In addition, hypermethylation of promoter DNA
was associated with higher stages and grades of CCRCC. Furthermore, CCRCC can be separated
into different prognostic groups on the basis of gene expression, DNA methylation, and protein
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expression profiles. Aggressive cancers with worse survival show gene expression changes that
favor a metabolic shift toward fatty acid synthesis (Warburg-like phenotype). For example,
reduced expression of the Krebs cycle gene AMP Activated Kinase (AMPK) and increased
expression of the pentose phosphate pathway gene Acetyl-Coa Carboxylase (ACC) is associated
with worse survival. In addition, decreased methylation of the MIR21 gene promoter correlated
with increased expression of the micro R-21 gene, which down regulates the tumor suppressor
gene PTEN, and is associated with worse survival. By contrast, better survival is associated with
decreased methylation of the tumor suppressor gene GRB10 (growth factor receptor bound
protein 10) gene promoter and increased expression of the GRB10 protein, which is a negative
regulator of PI3K. Collectively, these data suggest that key genes involved in DNA methylation,
chromatin structure, and cellular metabolism may serve not only as potential prognostic markers
but also as potential therapeutic targets for CCRCC. In addition, these observations define a
great deal of genomic variety across tumors. A recent study that examined the intra tumoral
heterogeneity of CCRCC identified substantial differences in mutations from different sites
within a single primary tumor, as well as a distinct mutational profile for metastatic lesions. The
mutations identified also showed evidence of convergent evolution [142]. Further studies will be
needed to translate these findings into clinical settings [1].

CONCLUSION

RCC is an important and increasing public health threat in the developed world. Substantial
progress has been made in the management of localized disease, with nephron sparing approaches
emerging in the past 15 years. For patients with metastatic disease, cytoreductive nephrectomy
is still considered a reasonable approach in those who subsequently receive contemporary
systemic drugs. The most commonly used agents to treat metastatic RCC are drugs that inhibit
VEGF receptors, such as sunitinib and pazopanib, and those that inhibit mTOR, such as everolimus
and temsirolimus. Unfortunately, most patients ultimately progress on treatment and die of their
disease. The new class of checkpoint blocking antibodies that target the PD-1 and the CTLA-4
receptors may provide profound and durable responses in a subset of patients. Ongoing work will
help define the utility of these agents in the treatment of RCC, and will enable us to identify those
most likely to benefit. Similar efforts are under way to identify the determinants of response and
resistance to antiangiogenic drugs, and to design the next generation of agents, which will target

factors that engender resistance to established agents.

References
1. Jonasch E, Gao J, Rathmell WK. Renal cell carcinoma. BMJ. 2014; 349: g4797.

2. LatifF, Tory K, Gnarra J, Yao M, Duh FM, Orcutt ML, et al. Identification of the von Hippel-Lindau disease tumor suppressor gene.
Science. 1993; 260: 1317-1320.

3. Kaelin WG Jr. The von Hippel-Lindau tumour suppressor protein: O, sensing and cancer. Nat Rev Cancer. 2008; 8: 865-873.
4. Maroni P, Moss J. Nephron-sparing surgery. Semin Intervent Radiol. 2014; 31: 104-106.

5. Lipworth L, Tarone RE, McLaughlin JK. The epidemiology of renal cell carcinoma. J Urol. 2006; 176: 2353-2358.

Renal Cell Carcinoma | www.smgebooks.com 30
Copyright © Siddappa S.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for com-
mercial purposes, as long as the author and publisher are properly credited.


http://www.ncbi.nlm.nih.gov/pubmed/25385470
http://www.ncbi.nlm.nih.gov/pubmed/8493574
http://www.ncbi.nlm.nih.gov/pubmed/8493574
http://www.ncbi.nlm.nih.gov/pubmed/18923434
http://www.ncbi.nlm.nih.gov/pubmed/24596448
http://www.ncbi.nlm.nih.gov/pubmed/17085101

6. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer statistics, 2008. CA Cancer J Clin. 2008; 58: 71-96.

7. Kidney. In: Petersen RO, Sesterhenn IA, Davis Jr CJ, eds. Urologic pathology, 3rd edn., Lippincott Williams and Wilkins:
Philadelphia; 1992: 1-132.

8. O’Connor SD, Pickhardt PJ, Kim DH, Oliva MR, Silverman SG. Incidental finding of renal masses at unenhanced CT: prevalence
and analysis of features for guiding management. AJR Am J Roentgenol. 2011; 197: 139-145.

9. Linehan WM, Srinivasan R, Garcia JA. Non-clear cell renal cancer: disease-based management and opportunities for targeted
therapeutic approaches. Semin Oncol. 2013; 40: 511-520.

10. Zhou M. Pathology of renal cell carcinomas. In: Campbell SC, Rini Bl, editors. Renal cell carcinoma. Shelton, CT: People’s
Medical Publishing House; 2009. p. 1-14.

11. Malignant renal tumors. In: Wein AJ, Kavoussi LR, Partin AW, Peters CA, eds. Campbell-Walsh Urology 11th edn., Elsevier Health
Sciences: China; 2015:1314-64.

12. Webster WS, Thompson RH, Cheville JC, Lohse CM, Blute ML, Leibovich BC. Surgical resection provides excellent outcomes for
patients with cystic clear cell renal cell carcinoma. Urology. 2007; 70: 900-904.

13. Fuhrman SA, Lasky LC, Limas C. Prognostic significance of morphologic parameters in renal cell carcinoma. Am J Surg Pathol.
1982; 6: 655-663.

14. Klatte T, Anterasian C, Said JW, de Martino M, Kabbinavar FF, Belldegrun AS, et al. Fuhrman grade provides higher prognostic
accuracy than nucleolar grade for papillary renal cell carcinoma. J Urol. 2010; 183: 2143-2147.

15. Sukov WR, Lohse CM, Leibovich BC, Thompson RH, Cheville JC. Clinical and pathological features associated with prognosis in
patients with papillary renal cell carcinoma. J Urol. 2012; 187: 54-59.

16. Storkel S, Eble JN, Adlakha K, Amin M, Blute ML, Bostwick DG, et al. Classification of renal cell carcinoma: Workgroup No.1.
Union Internationale Contre le Cancer (UICC) and the American Joint Committee on Cancer (AJCC). Cancer. 1997; 80: 987-989.

17. Zambrano NR, Lubensky IA, Merino MJ, Linehan WM, Walther MM. Histopathology and molecular genetics of renal tumors toward
unification of a classification system. J Urol. 1999; 162: 1246-1258.

18. Abern MR, Tsivian M, Polascik TJ, Coogan CL. Characteristics and outcomes of tumors arising from the distal nephron. Urology.
2012; 80: 140-146.

19. Mukamel E, Konichezky M, Engelstein D, Servadio C. Incidental small renal tumors accompanying clinically overt renal cell
carcinoma. J Urol. 1988; 140: 22-24.

20. Cheng WS, Farrow GM, Zincke H. The incidence of multicentricity in renal cell carcinoma. J Urol. 1991; 146: 1221-1223.

21. Krambeck A, lwaszko M, Leibovich B, Cheville J, Frank I, Blute M. Long-term outcome of multiple ipsilateral renal tumours found
at the time of planned nephron-sparing surgery. BJU Int. 2008; 101: 1375-1379.

22. Junker K, Thrum K, Schlichter A, Miller G, Hindermann W, Schubert J. Clonal origin of multifocal renal cell carcinoma as
determined by microsatellite analysis. J Urol. 2002; 168: 2632-2636.

23. Kito H, Suzuki H, Igarashi T, Tobe T, Mizoguchi K, Kamiya N, et al. Distinct patterns of chromosomal losses in clinically
synchronous and asynchronous bilateral renal cell carcinoma. J Urol. 2002; 168: 2637-2640.

24. Farrow GM. Diseases of the kidney. In: Murphy WM, editor. Urological pathology. Philadelphia: WB Saunders; 1997. p. 464—70.

25. Rabbani F, Hakimian P, Reuter VE, Simmons R, Russo P. Renal vein or inferior vena caval extension in patients with renal cortical
tumors: impact of tumor histology. J Urol. 2004; 171: 1057-1061.

26. Deng FM, Melamed J. Histologic variants of renal cell carcinoma: does tumor type influence outcome? Urol Clin North Am 2012;
39: 119-132.

27. Cheville JC, Lohse CM, Zincke H, Weaver AL, Blute ML. Comparisons of outcome and prognostic features among histologic
subtypes of renal cell carcinoma. Am J Surg Pathol. 2003; 27: 612-624.

28. Hakimi AA, Ostrovnaya |, Reva B, Schultz N, Chen YB, Gonen M, et al. Adverse outcomes in clear cell renal cell carcinoma with
mutations of 3p21 epigenetic regulators BAP1 and SETD2: a report by MSKCC and the KIRC TCGA research network. Clin
Cancer Res. 2013; 19: 3259-3267.

29. Gossage L, Murtaza M, Slatter AF, Lichtenstein CP, Warren A, Haynes B, et al. Clinical and pathological impact of VHL, PBRM1,
BAP1, SETD2, KDM6A, and JARID1c in clear cell renal cell carcinoma. Genes Chromosomes Cancer. 2014; 53: 38-51.

30. Boorjian S. Commentary on “Effects on survival of BAP1 and PBRM1 mutations in sporadic clear-cell renal-cell carcinoma: a
retrospective analysis with independent validation.” Kapur P, Pefia-Llopis S, Christie A, Zhrebker L, Pavia-Jiménez A, Rathmell
WK, Xie XJ, Brugarolas J. Department of Pathology, University of Texas Southwestern Medical Center, Dallas, TX. Lancet Oncol
2013; 14(2):159-67. [Epub 2013 Jan 16]. doi: 10.1016/S1470-2045(12)70584-3. Urol Oncol. 2014; 32: 934-935.

Renal Cell Carcinoma | www.smgebooks.com 31

Copyright © Siddappa S.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for com-
mercial purposes, as long as the author and publisher are properly credited.


http://www.ncbi.nlm.nih.gov/pubmed/18287387
http://www.ncbi.nlm.nih.gov/pubmed/21701022
http://www.ncbi.nlm.nih.gov/pubmed/21701022
http://www.ncbi.nlm.nih.gov/pubmed/23972715
http://www.ncbi.nlm.nih.gov/pubmed/23972715
http://www.ncbi.nlm.nih.gov/pubmed/18068445
http://www.ncbi.nlm.nih.gov/pubmed/18068445
http://www.ncbi.nlm.nih.gov/pubmed/7180965
http://www.ncbi.nlm.nih.gov/pubmed/7180965
http://www.ncbi.nlm.nih.gov/pubmed/20399450
http://www.ncbi.nlm.nih.gov/pubmed/20399450
http://www.ncbi.nlm.nih.gov/pubmed/22088335
http://www.ncbi.nlm.nih.gov/pubmed/22088335
http://www.ncbi.nlm.nih.gov/pubmed/9307203
http://www.ncbi.nlm.nih.gov/pubmed/9307203
http://www.ncbi.nlm.nih.gov/pubmed/10492174
http://www.ncbi.nlm.nih.gov/pubmed/10492174
http://www.ncbi.nlm.nih.gov/pubmed/22626576
http://www.ncbi.nlm.nih.gov/pubmed/22626576
http://europepmc.org/abstract/MED/3379689
http://europepmc.org/abstract/MED/3379689
http://www.ncbi.nlm.nih.gov/pubmed/1942266
http://www.ncbi.nlm.nih.gov/pubmed/18454793
http://www.ncbi.nlm.nih.gov/pubmed/18454793
http://www.ncbi.nlm.nih.gov/pubmed/12441999
http://www.ncbi.nlm.nih.gov/pubmed/12441999
http://www.ncbi.nlm.nih.gov/pubmed/12442000
http://www.ncbi.nlm.nih.gov/pubmed/12442000
http://www.ncbi.nlm.nih.gov/pubmed/14767270
http://www.ncbi.nlm.nih.gov/pubmed/14767270
http://www.ncbi.nlm.nih.gov/pubmed/22487756
http://www.ncbi.nlm.nih.gov/pubmed/22487756
http://www.ncbi.nlm.nih.gov/pubmed/12717246
http://www.ncbi.nlm.nih.gov/pubmed/12717246
http://www.ncbi.nlm.nih.gov/pubmed/23620406
http://www.ncbi.nlm.nih.gov/pubmed/23620406
http://www.ncbi.nlm.nih.gov/pubmed/23620406
http://www.ncbi.nlm.nih.gov/pubmed/24166983
http://www.ncbi.nlm.nih.gov/pubmed/24166983
http://www.ncbi.nlm.nih.gov/pubmed/25087671
http://www.ncbi.nlm.nih.gov/pubmed/25087671
http://www.ncbi.nlm.nih.gov/pubmed/25087671
http://www.ncbi.nlm.nih.gov/pubmed/25087671

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.
41.

42.

43.

44,

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kovacs G, Wilkens L, Papp T, de Riese W. Differentiation between papillary and nonpapillary renal cell carcinomas by DNA
analysis. J Natl Cancer Inst. 1989; 81: 527-530.

Blath RA, Mancilla-Jimenez R, Stanley RJ. Clinical comparison between vascular and avascular renal cell carcinoma. J Urol.
1976; 115: 514-519.

Schmidt L, Duh FM, Chen F, Kishida T, Glenn G, Choyke P, et al. Germline and somatic mutations in the tyrosine kinase domain
of the MET proto-oncogene in papillary renal carcinomas. Nat Genet. 1997; 16: 68-73.

Toro JR, Nickerson ML, Wei MH, Warren MB, Glenn GM, Turner ML, et al. Mutations in the fumarate hydratase gene cause
hereditary leiomyomatosis and renal cell cancer in families in North America. Am J Hum Genet. 2003; 73: 95-106.

Algaba F, Akaza H, Lépez-Beltran A, Martignoni G, Moch H, Montironi R, et al. Current pathology keys of renal cell carcinoma.
Eur Urol. 2011; 60: 634-643.

Perdeaux E, Solly J. Birt-Hogg-Dubé syndrome. JAMA. 2013; 309: 1460.

Schmidt LS, Nickerson ML, Warren MB, Glenn GM, Toro JR, Merino MJ, et al. Germline BHD-mutation spectrum and phenotype
analysis of a large cohort of families with Birt-Hogg-Dubé syndrome. Am J Hum Genet. 2005; 76: 1023-1033.

Thoenes W, Storkel S, Rumpelt HJ, Moll R, Baum HP, Werner S. Chromophobe cell renal carcinoma and its variants--a report on
32 cases. J Pathol. 1988; 155: 277-287.

Nagashima Y. Chromophobe renal cell carcinoma: clinical, pathological and molecular biological aspects. Pathol Int. 2000; 50:
872-878.

Linehan WM, Ricketts CJ. The metabolic basis of kidney cancer. Semin Cancer Biol. 2013; 23: 46-55.

Renshaw AA, Henske EP, Loughlin KR, Shapiro C, Weinberg DS. Aggressive variants of chromophobe renal cell carcinoma.
Cancer. 1996; 78: 1756-1761.

Klatte T, Han KR, Said JW, Béhm M, Allhoff EP, Kabbinavar FF, et al. Pathobiology and prognosis of chromophobe renal cell
carcinoma. Urol Oncol. 2008; 26: 604-609.

Tokuda N, Naito S, Matsuzaki O, Nagashima Y, Ozono S, Igarashi T. Japanese Society of Renal Cancer . Collecting duct (Bellini
duct) renal cell carcinoma: a nationwide survey in Japan. J Urol. 2006; 176: 40-43.

Karakiewicz PI, Trinh QD, Rioux-Leclercq N, de la Taille A, Novara G, et al. Collecting duct renal cell carcinoma: a matched
analysis of 41 cases. Eur Urol. 2007; 52: 1140-1145.

Wright JL, Risk MC, Hotaling J, Lin DW. Effect of collecting duct histology on renal cell cancer outcome. J Urol. 2009; 182: 2595-
2599.

Fizesi L, Cober M, Mittermayer C. Collecting duct carcinoma: cytogenetic characterization. Histopathology. 1992; 21: 155-160.

Steiner G, Cairns P, Polascik TJ, Marshall FF, Epstein JI, Sidransky D, et al. High-density mapping of chromosomal arm 1q in
renal collecting duct carcinoma: region of minimal deletion at 1932.1-32.2. Cancer Res. 1996; 56: 5044-5046.

Polascik TJ, Bostwick DG, Cairns P. Molecular genetics and histopathologic features of adult distal nephron tumors. Urology.
2002; 60: 941-946.

Kobayashi N, Matsuzaki O, Shirai S, Aoki |, Yao M, Nagashima Y. Collecting duct carcinoma of the kidney: an immunohistochemical
evaluation of the use of antibodies for differential diagnosis. Hum Pathol. 2008; 39: 1350-1359.

Davis CJ Jr, Mostofi FK, Sesterhenn IA. Renal medullary carcinoma. The seventh sickle cell nephropathy. Am J Surg Pathol.
1995; 19: 1-11.

Swartz MA, Karth J, Schneider DT, Rodriguez R, Beckwith JB, Perlman EJ. Renal medullary carcinoma: clinical, pathologic,
immunohistochemical, and genetic analysis with pathogenetic implications. Urology. 2002; 60: 1083-1089.

DelLong W, Grignon DJ, Eberwein P, Shum DT, Wyatt JK. Sarcomatoid renal cell carcinoma. An immunohistochemical study of
18 cases. Arch Pathol Lab Med. 1993; 117: 636-640.

Eble JN, Sauter G, Epstein JI. Pathology and genetics of tumours of the urinary system and male genital organs. In: WHO
classification of tumours, 3rd ed. Lyon (France): IARC Press; 2004.

Karakiewicz PI, Hutterer GC, Trinh QD, Pantuck AJ, Klatte T, Lam JS, et al. Unclassified renal cell carcinoma: an analysis of 85
cases. BJU Int. 2007; 100: 802-808.

Amin MB, Amin MB, Tamboli P, Javidan J, Stricker H, de-Peralta Venturina M, et al. Prognostic impact of histologic subtyping of
adult renal epithelial neoplasms: an experience of 405 cases. Am J Surg Pathol. 2002; 26: 281-291.

Elmore JM, Kadesky KT, Koeneman KS, Sagalowsky Al. Reassessment of the 1997 TNM classification system for renal cell
carcinoma. Cancer. 2003; 98: 2329-2334.

Renal Cell Carcinoma | www.smgebooks.com 32

Copyright © Siddappa S.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for com-
mercial purposes, as long as the author and publisher are properly credited.


http://www.ncbi.nlm.nih.gov/pubmed/2921777
http://www.ncbi.nlm.nih.gov/pubmed/2921777
http://www.ncbi.nlm.nih.gov/pubmed/1271541
http://www.ncbi.nlm.nih.gov/pubmed/1271541
http://www.ncbi.nlm.nih.gov/pubmed/9140397
http://www.ncbi.nlm.nih.gov/pubmed/9140397
http://www.ncbi.nlm.nih.gov/pubmed/12772087
http://www.ncbi.nlm.nih.gov/pubmed/12772087
http://www.ncbi.nlm.nih.gov/pubmed/21741159
http://www.ncbi.nlm.nih.gov/pubmed/21741159
http://www.ncbi.nlm.nih.gov/pubmed/23571576
http://www.ncbi.nlm.nih.gov/pubmed/15852235
http://www.ncbi.nlm.nih.gov/pubmed/15852235
http://www.ncbi.nlm.nih.gov/pubmed/2459332
http://www.ncbi.nlm.nih.gov/pubmed/2459332
http://www.ncbi.nlm.nih.gov/pubmed/11107062
http://www.ncbi.nlm.nih.gov/pubmed/11107062
http://www.ncbi.nlm.nih.gov/pubmed/22705279
http://www.ncbi.nlm.nih.gov/pubmed/8859189
http://www.ncbi.nlm.nih.gov/pubmed/8859189
http://www.ncbi.nlm.nih.gov/pubmed/18367104
http://www.ncbi.nlm.nih.gov/pubmed/18367104
http://www.ncbi.nlm.nih.gov/pubmed/16753362
http://www.ncbi.nlm.nih.gov/pubmed/16753362
http://www.ncbi.nlm.nih.gov/pubmed/17336449
http://www.ncbi.nlm.nih.gov/pubmed/17336449
http://www.ncbi.nlm.nih.gov/pubmed/19836761
http://www.ncbi.nlm.nih.gov/pubmed/19836761
http://www.ncbi.nlm.nih.gov/pubmed/1505933
http://www.ncbi.nlm.nih.gov/pubmed/8895762
http://www.ncbi.nlm.nih.gov/pubmed/8895762
http://www.ncbi.nlm.nih.gov/pubmed/12475646
http://www.ncbi.nlm.nih.gov/pubmed/12475646
http://www.ncbi.nlm.nih.gov/pubmed/18602672
http://www.ncbi.nlm.nih.gov/pubmed/18602672
http://www.ncbi.nlm.nih.gov/pubmed/7528470
http://www.ncbi.nlm.nih.gov/pubmed/7528470
http://www.ncbi.nlm.nih.gov/pubmed/12475675
http://www.ncbi.nlm.nih.gov/pubmed/12475675
http://www.ncbi.nlm.nih.gov/pubmed/7684893
http://www.ncbi.nlm.nih.gov/pubmed/7684893
https://www.iarc.fr/en/publications/pdfs-online/pat-gen/bb7/BB7.pdf
https://www.iarc.fr/en/publications/pdfs-online/pat-gen/bb7/BB7.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17822461
http://www.ncbi.nlm.nih.gov/pubmed/17822461
http://www.ncbi.nlm.nih.gov/pubmed/11859199
http://www.ncbi.nlm.nih.gov/pubmed/11859199
http://www.ncbi.nlm.nih.gov/pubmed/14635066
http://www.ncbi.nlm.nih.gov/pubmed/14635066

57.

58.
59.

60.

61.

62.
63.

64.

65.
66.

67.

68.

69.

70.

71.
72.
73.

74.
75.

76.

7.

78.

79.

80.

81.

82.

83.

Verhoest G, Avakian R, Bensalah K, Thuret R, Ficarra V, Artibani W, et al. Urinary collecting system invasion is an independent
prognostic factor of organ confined renal cell carcinoma. J Urol. 2009; 182: 854-859.

Motzer RJ, Bander NH, Nanus DM . Renal-cell carcinoma. N Engl J Med. 1996; 335: 865-875.

Motzer RJ, Mazumdar M, Bacik J, Berg W, Amsterdam A, Ferrara J. Survival and prognostic stratification of 670 patients with
advanced renal cell carcinoma. J Clin Oncol. 1999; 17: 2530-2540.

Mekhail TM, Abou-Jawde RM, Boumerhi G, Malhi S, Wood L, Elson P, et al. Validation and extension of the Memorial Sloan-
Kettering prognostic factors model for survival in patients with previously untreated metastatic renal cell carcinoma. J Clin Onc
ol. 2005; 23: 832-841.

Edge SB, Byrd DR, Compton CC. AJCC cancer staging manual. 7th ed. New York: Springer-Verlag; 2010.
Caoili EM, Davenport MS. Role of percutaneous needle biopsy for renal masses. Semin Intervent Radiol. 2014; 31: 20-26.

Lane BR, Samplaski MK, Herts BR, Zhou M, Novick AC, Campbell SC. Renal mass biopsy--a renaissance? J Urol. 2008; 179:
20-27.

Silverman SG, Gan YU, Mortele KJ, Tuncali K, Cibas ES. Renal masses in the adult patient: the role of percutaneous biopsy.
Radiology. 2006; 240: 6-22.

Silverman SG, Israel GM, Herts BR, Richie JP. Management of the incidental renal mass. Radiology. 2008; 249: 16-31.

Tan HJ, Jacobs BL, Hafez KS, Montgomery JS, Weizer AZ, Wood DP Jr, et al. Understanding the role of percutaneous biopsy in
the management of patients with a small renal mass. Urology. 2012; 79: 372-377.

Halverson SJ, Kunju LP, Bhalla R, Gadzinski AJ, Alderman M, Miller DC, et al. Accuracy of determining small renal mass
management with risk stratified biopsies: confirmation by final pathology. J Urol. 2013; 189: 441-446.

Volpe A, Cadeddu JA, Cestari A, Gill IS, Jewett MA, Joniau S, et al. Contemporary management of small renal masses. Eur Urol.
2011; 60: 501-515.

Hollingsworth JM, Miller DC, Daignault S, Hollenbeck BK. Rising incidence of small renal masses: a need to reassess treatment
effect. J Natl Cancer Inst. 2006; 98: 1331-1334.

Chow WH, Devesa SS, Warren JL, Fraumeni JF Jr. Rising incidence of renal cell cancer in the United States. JAMA. 1999; 281:
1628-1631.

Cho E, Adami HO, Lindblad P. Epidemiology of renal cell cancer. Hematol Oncol Clin North Am. 2011; 25: 651-665.
Zagoria RJ. Imaging of small renal masses: a medical success story. AJR Am J Roentgenol. 2000; 175: 945-955.

Dyer R, DiSantis DJ, McClennan BL. Simplified imaging approach for evaluation of the solid renal mass in adults. Radiology.
2008; 247: 331-343.

Choyke PL, Glenn GM, Walther MM, Zbar B, Linehan WM. Hereditary renal cancers. Radiology. 2003; 226: 33-46.

Lane BR, Campbell SC, Aydin H, weight CJ, Zhou M. The impact of number and location of cores on the diagnostic accuracy of
renal mass biopsy: an ex vivo study. J Urol. 2008; 179: 477-478.

Wood BJ, Khan MA, McGovern F, Harisinghani M, Hahn PF, Mueller PR. Imaging guided biopsy of renal masses: indications,
accuracy and impact on clinical management. J Urol. 1999; 161: 1470-1474.

Dechet CB, Sebo T, Farrow G, Blute ML, Engen DE, Zincke H. Prospective analysis of intraoperative frozen needle biopsy of solid
renal masses in adults. J Urol. 1999; 162: 1282-1284.

Ralls PW, Barakos JA, Kaptein EM, Friedman PE, Fouladian G, Boswell WD, et al. Renal biopsy-related hemorrhage: frequency
and comparison of CT and sonography. J Comput Assist Tomogr. 1987; 11: 1031-1034.

Silberzweig JE, Tey S, Winston JA, Mitty HA. Percutaneous renal biopsy complicated by renal capsular artery pseudoaneurysm.
Am J Kidney Dis. 1998; 31: 533-535.

Leveridge MJ, Finelli A, Kachura JR, Evans A, Chung H, Shiff DA, et al. Outcomes of small renal mass needle core biopsy,
nondiagnostic percutaneous biopsy, and the role of repeat biopsy. Eur Urol. 2011; 60: 578-584.

Neuzillet Y, Lechevallier E, Andre M, Daniel L, Coulange C. Accuracy and clinical role of fine needle percutaneous biopsy with
computerized tomography guidance of small (less than 4.0 cm) renal masses. J Urol. 2004; 171: 1802-1805.

Tomaszewski JJ, Uzzo RG, Smaldone MC. Heterogeneity and renal mass biopsy: a review of its role and reliability. Cancer Biol
Med. 2014; 11: 162-172.

Van Poppel H, Da Pozzo L, Albrecht W, Matveev V, Bono A, Borkowski A, et al. A prospective randomized EORTC intergroup
phase 3 study comparing the complications of elective nephron-sparing surgery and radical nephrectomy for low-stage renal cell
carcinoma. Eur Urol. 2007; 51: 1606-1615.

Renal Cell Carcinoma | www.smgebooks.com 33

Copyright © Siddappa S.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for com-
mercial purposes, as long as the author and publisher are properly credited.


http://www.ncbi.nlm.nih.gov/pubmed/19616244
http://www.ncbi.nlm.nih.gov/pubmed/19616244
http://www.ncbi.nlm.nih.gov/pubmed/8778606
http://www.ncbi.nlm.nih.gov/pubmed/10561319
http://www.ncbi.nlm.nih.gov/pubmed/10561319
http://www.ncbi.nlm.nih.gov/pubmed/15681528
http://www.ncbi.nlm.nih.gov/pubmed/15681528
http://www.ncbi.nlm.nih.gov/pubmed/15681528
http://www.ncbi.nlm.nih.gov/pubmed/24596436
http://www.ncbi.nlm.nih.gov/pubmed/17997455
http://www.ncbi.nlm.nih.gov/pubmed/17997455
http://www.ncbi.nlm.nih.gov/pubmed/16709793
http://www.ncbi.nlm.nih.gov/pubmed/16709793
http://www.ncbi.nlm.nih.gov/pubmed/18796665
http://www.ncbi.nlm.nih.gov/pubmed/22310755
http://www.ncbi.nlm.nih.gov/pubmed/22310755
http://www.ncbi.nlm.nih.gov/pubmed/23253955
http://www.ncbi.nlm.nih.gov/pubmed/23253955
http://www.ncbi.nlm.nih.gov/pubmed/21664040
http://www.ncbi.nlm.nih.gov/pubmed/21664040
http://www.ncbi.nlm.nih.gov/pubmed/16985252
http://www.ncbi.nlm.nih.gov/pubmed/16985252
http://www.ncbi.nlm.nih.gov/pubmed/10235157
http://www.ncbi.nlm.nih.gov/pubmed/10235157
http://www.ncbi.nlm.nih.gov/pubmed/21763961
http://www.ncbi.nlm.nih.gov/pubmed/11000140
http://www.ncbi.nlm.nih.gov/pubmed/18310461
http://www.ncbi.nlm.nih.gov/pubmed/18310461
http://www.ncbi.nlm.nih.gov/pubmed/12511666
http://www.jurology.com/article/S0022-5347(08)61403-2/abstract
http://www.jurology.com/article/S0022-5347(08)61403-2/abstract
http://www.ncbi.nlm.nih.gov/pubmed/10210375
http://www.ncbi.nlm.nih.gov/pubmed/10210375
http://www.ncbi.nlm.nih.gov/pubmed/10492180
http://www.ncbi.nlm.nih.gov/pubmed/10492180
http://www.ncbi.nlm.nih.gov/pubmed/3316324
http://www.ncbi.nlm.nih.gov/pubmed/3316324
http://www.ncbi.nlm.nih.gov/pubmed/9506693
http://www.ncbi.nlm.nih.gov/pubmed/9506693
http://www.ncbi.nlm.nih.gov/pubmed/21704449
http://www.ncbi.nlm.nih.gov/pubmed/21704449
http://www.ncbi.nlm.nih.gov/pubmed/15076280
http://www.ncbi.nlm.nih.gov/pubmed/15076280
http://www.ncbi.nlm.nih.gov/pubmed/25364577
http://www.ncbi.nlm.nih.gov/pubmed/25364577
http://www.ncbi.nlm.nih.gov/pubmed/17140723
http://www.ncbi.nlm.nih.gov/pubmed/17140723
http://www.ncbi.nlm.nih.gov/pubmed/17140723

84. Scosyrev E, Messing EM, Sylvester R, Campbell S, Van Poppel H. Renal function after nephron-sparing surgery versus radical
nephrectomy: results from EORTC randomized trial 30904. Eur Urol. 2014; 65: 372-377.

85. Campbell SC, Novick AC, Belldegrun A, Blute ML, Chow GK, Derweesh IH, et al. Guideline for management of the clinical T1
renal mass. J Urol. 2009; 182: 1271-1279.

86. Mir SA, Cadeddu JA, Sleeper JP, Lotan Y. Cost comparison of robotic, laparoscopic, and open partial nephrectomy. J Endourol
. 2011, 25: 447-453.

87. Lane BR, Novick AC. Nephron-sparing surgery. BJU Int. 2007; 99: 1245-1250.

88. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of death, cardiovascular events, and
hospitalization. N Engl J Med. 2004; 351: 1296-1305.

89. Ficarra V, Novara G, Secco S,Macchi V, Porzionato A, et al. Preoperative aspects and dimensions used for an anatomical
(PADUA) classification of renal tumours in patients who are candidates for nephron-sparing surgery. Eur Urol. 2009; 56: 786—793.

90. Hew MN, Baseskioglu B, Barwari K, Axwijk PH, Can C, Horenblas S, et al. Critical appraisal of the PADUA classification and
assessment of the R.E.N.A.L. nephrometry score in patients undergoing partial nephrectomy. J Urol. 2011; 186: 42-46.

91. Kobayashi K, Saito T, Kitamura Y, Nobushita T, Kawasaki T, Hara N, et al. The RENAL nephrometry score and the PADUA
classification for the prediction of perioperative outcomes in patients receiving nephron-sparing surgery: feasible tools to predict
intraoperative conversion to nephrectomy. Urol Int. 2013; 91: 261-268.

92. Gill IS, Patil MB, Abreu AL, Ng C, Cai J, Berger A, et al. Zero ischemia anatomical partial nephrectomy: a novel approach. J Urol.
2012; 187: 807-814.

93. Meng MV, Freise CE, Stoller ML. Laparoscopic nephrectomy, ex vivo excision and autotransplantation for complex renal tumors.
J Urol. 2004; 172: 461-464.

94. Leibovich BC, Blute ML, Cheville JC, Lohse CM, Frank I, Kwon ED, et al. Prediction of progression after radical nephrectomy for
patients with clear cell renal cell carcinoma: a stratification tool for prospective clinical trials. Cancer. 2003; 97: 1663-1671.

95. Ficarra V, Martignoni G, Lohse C, Novara G, Pea M, Cavalleri S, et al. External validation of the Mayo Clinic Stage, Size, Grade
and Necrosis (SSIGN) score to predict cancer specific survival using a European series of conventional renal cell carcinoma. J
Urol. 2006; 175: 1235-1239.

96. Frank I, Blute ML, Cheville JC, Lohse CM, Weaver AL, Zincke H. An outcome prediction model for patients with clear cell renal
cell carcinoma treated with radical nephrectomy based on tumor stage, size, grade and necrosis: the SSIGN score. J Urol. 2002;
168: 2395-2400.

97. Han KR, Bleumer |, Pantuck AJ, Kim HL, Dorey FJ, Janzen NK, et al. Validation of an integrated staging system toward improved
prognostication of patients with localized renal cell carcinoma in an international population. J Urol. 2003; 170: 2221-2224.

98. Zisman A, Pantuck AJ, Dorey F, Said JW, Shvarts O, Quintana D, et al. Improved prognostication of renal cell carcinoma using an
integrated staging system. J Clin Oncol. 2001; 19: 1649-1657.

99. Raj GV, Thompson RH, Leibovich BC, Blute ML, Russo P, Kattan MW. Preoperative nomogram predicting 12-year probability of
metastatic renal cancer. J Urol. 2008; 179: 2146-2151.

100.Sorbellini M, Kattan MW, Snyder ME, Reuter V, Motzer R, Goetzl M, et al. A postoperative prognostic nomogram predicting
recurrence for patients with conventional clear cell renal cell carcinoma. J Urol. 2005; 173: 48-51.

101.Lane BR, Kattan MW. Prognostic models and algorithms in renal cell carcinoma. Urol Clin North Am. 2008; 35: 613-625.

102.Motzer RJ, Bacik J, Murphy BA, Russo P, Mazumdar M. Interferon-alfa as a comparative treatment for clinical trials of new
therapies against advanced renal cell carcinoma. J Clin Oncol. 2002; 20: 289-296.

103.Heng DY, Xie W, Regan MM, Warren MA, Golshayan AR, Sahi C, et al. Prognostic factors for overall survival in patients with
metastatic renal cell carcinoma treated with vascular endothelial growth factor-targeted agents: results from a large, multicenter
study. J Clin Oncol. 2009; 27: 5794-5799.

104.Conti SL, Thomas IC, Hagedorn JC, Chung BI, Chertow GM, Wagner TH, et al. Utilization of cytoreductive nephrectomy and
patient survival in the targeted therapy era. Int J Cancer. 2014; 134: 2245-2252.

105.Flanigan RC, Salmon SE, Blumenstein BA, Bearman SI, Roy V, McGrath PC, et al. Nephrectomy followed by interferon alfa-2b
compared with interferon alfa-2b alone for metastatic renal-cell cancer. N Engl J Med. 2001; 345: 1655-1659.

106.Mickisch GH, Garin A, van Poppel H, de Prijck L, Sylvester R; European Organisation for Research and Treatment of Cancer
(EORTC) Genitourinary Group. Radical nephrectomy plus interferon-alfa-based immunotherapy compared with interferon alfa
alone in metastatic renal-cell carcinoma: a randomised trial. Lancet. 2001; 358: 966-970.

Renal Cell Carcinoma | www.smgebooks.com 34
Copyright © Siddappa S.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for com-
mercial purposes, as long as the author and publisher are properly credited.


http://www.ncbi.nlm.nih.gov/pubmed/23850254
http://www.ncbi.nlm.nih.gov/pubmed/23850254
http://www.ncbi.nlm.nih.gov/pubmed/19683266
http://www.ncbi.nlm.nih.gov/pubmed/19683266
http://www.ncbi.nlm.nih.gov/pubmed/21247335
http://www.ncbi.nlm.nih.gov/pubmed/21247335
http://www.ncbi.nlm.nih.gov/pubmed/17441918
http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://www.ncbi.nlm.nih.gov/pubmed/15385656
http://www.ncbi.nlm.nih.gov/pubmed/19665284
http://www.ncbi.nlm.nih.gov/pubmed/19665284
http://www.ncbi.nlm.nih.gov/pubmed/21571340
http://www.ncbi.nlm.nih.gov/pubmed/21571340
http://www.ncbi.nlm.nih.gov/pubmed/23988749
http://www.ncbi.nlm.nih.gov/pubmed/23988749
http://www.ncbi.nlm.nih.gov/pubmed/23988749
http://www.ncbi.nlm.nih.gov/pubmed/22248519
http://www.ncbi.nlm.nih.gov/pubmed/22248519
http://www.ncbi.nlm.nih.gov/pubmed/15247703
http://www.ncbi.nlm.nih.gov/pubmed/15247703
http://www.ncbi.nlm.nih.gov/pubmed/12655523
http://www.ncbi.nlm.nih.gov/pubmed/12655523
http://www.ncbi.nlm.nih.gov/pubmed/16515968
http://www.ncbi.nlm.nih.gov/pubmed/16515968
http://www.ncbi.nlm.nih.gov/pubmed/16515968
http://www.ncbi.nlm.nih.gov/pubmed/12441925
http://www.ncbi.nlm.nih.gov/pubmed/12441925
http://www.ncbi.nlm.nih.gov/pubmed/12441925
http://www.ncbi.nlm.nih.gov/pubmed/14634383
http://www.ncbi.nlm.nih.gov/pubmed/14634383
http://www.ncbi.nlm.nih.gov/pubmed/11250993
http://www.ncbi.nlm.nih.gov/pubmed/11250993
http://www.ncbi.nlm.nih.gov/pubmed/18423735
http://www.ncbi.nlm.nih.gov/pubmed/18423735
http://www.ncbi.nlm.nih.gov/pubmed/15592023
http://www.ncbi.nlm.nih.gov/pubmed/15592023
http://www.ncbi.nlm.nih.gov/pubmed/18992615
http://www.ncbi.nlm.nih.gov/pubmed/11773181
http://www.ncbi.nlm.nih.gov/pubmed/11773181
http://www.ncbi.nlm.nih.gov/pubmed/19826129
http://www.ncbi.nlm.nih.gov/pubmed/19826129
http://www.ncbi.nlm.nih.gov/pubmed/19826129
http://www.ncbi.nlm.nih.gov/pubmed/24135850
http://www.ncbi.nlm.nih.gov/pubmed/24135850
http://www.ncbi.nlm.nih.gov/pubmed/11759643
http://www.ncbi.nlm.nih.gov/pubmed/11759643
http://www.ncbi.nlm.nih.gov/pubmed/11583750
http://www.ncbi.nlm.nih.gov/pubmed/11583750
http://www.ncbi.nlm.nih.gov/pubmed/11583750

107.Aitchison M, Bray CA, Van Poppel H, Sylvester R, Graham J, Innes C, et al. Adjuvant 5-flurouracil, alpha-interferon and
interleukin-2 versus observation in patients at high risk of recurrence after nephrectomy for renal cell carcinoma: results of a phase
IIl randomised European Organisation for Research and Treatment of Cancer (Genito-Urinary Cancers Group)/National Cancer
Research Institute trial. Eur J Cancer. 2014; 50: 70-77.

108.Scherr AJ, Lima JP, Sasse EC, Lima CS, Sasse AD. Adjuvant therapy for locally advanced renal cell cancer: a systematic review
with meta-analysis. BMC Cancer. 2011; 11: 115.

109.Clark JI, Atkins MB, Urba WJ, Creech S, Figlin RA, Dutcher JP, et al. Adjuvant high-dose bolus interleukin-2 for patients with high-
risk renal cell carcinoma: a cytokine working group randomized trial. J Clin Oncol. 2003; 21: 3133-3140.

110. Maroto P, Rini B. Molecular biomarkers in advanced renal cell carcinoma. Clin Cancer Res. 2014; 20: 2060-2071.

111. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Staehler M, et al. Sorafenib for treatment of renal cell carcinoma: Final
efficacy and safety results of the phase Il treatment approaches in renal cancer global evaluation trial. J Clin Oncol. 2009; 27:
3312-3318.

112.Harmon CS, DePrimo SE, Figlin RA, Hudes GR, Hutson TE, Michaelson MD, et al. Circulating proteins as potential biomarkers
of sunitinib and interferon-I+ efficacy in treatment-naA ve patients with metastatic renal cell carcinoma. Cancer Chemother
Pharmacol. 2014; 73: 151-161.

113. Thompson RH, Dong H, Lohse CM, Leibovich BC, Blute ML, Cheville JC, et al. PD-1 is expressed by tumor-infiltrating immune
cells and is associated with poor outcome for patients with renal cell carcinoma. Clin Cancer Res. 2007; 13: 1757-1761.

114. Thompson RH, Kuntz SM, Leibovich BC, Dong H, Lohse CM, Webster WS, et al. Tumor B7-H1 is associated with poor prognosis
in renal cell carcinoma patients with long-term follow-up. Cancer Res. 2006; 66: 3381-3385.

115. Wulfken LM, Moritz R, Ohimann C, Holdenrieder S, Jung V, Becker F, et al. MicroRNAs in renal cell carcinoma: diagnostic
implications of serum miR-1233 levels. PLoS One. 2011; 6: e25787.

116. Bluemke K, Bilkenroth U, Meye A, Fuessel S, Lautenschlaeger C, Goebel S, et al. Detection of circulating tumor cells in peripheral
blood of patients with renal cell carcinoma correlates with prognosis. Cancer Epidemiol Biomarkers Prev. 2009; 18: 2190-2194.

117.Eisen T, Sternberg CN, Robert C, Mulders P, Pyle L, Zbinden S, et al. Targeted therapies for renal cell carcinoma: review of
adverse event management strategies. J Natl Cancer Inst. 2012; 104: 93-113.

118. McDermott DF, Regan MM, Clark JI, Flaherty LE, Weiss GR, Logan TF, et al. Randomized phase IlI trial of high-dose interleukin-2
versus subcutaneous interleukin-2 and interferon in patients with metastatic renal cell carcinoma. J Clin Oncol. 2005; 23: 133-141.

119. Pyrhonen S, Salminen E, Ruutu M, Lehtonen T, Nurmi M, Tammela T, et al. Prospective randomized trial of interferon alfa-2a plus
vinblastine versus vinblastine alone in patients with advanced renal cell cancer. J Clin Oncol. 1999; 17: 2859-2867.

120.[No authors listed]. Interferon-alpha and survival in metastatic renal carcinoma: early results of a randomised controlled trial.
Medical Research Council Renal Cancer Collaborators. Lancet. 1999; 353: 14-17.

121.Nickerson ML, Jaeger E, Shi Y, Durocher JA, Mahurkar S, Zaridze D, et al. Improved identification of von Hippel-Lindau gene
alterations in clear cell renal tumors. Clin Cancer Res. 2008; 14: 4726-4734.

122.Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, et al. Sorafenib in advanced clear-cell renal-cell carcinoma.
N Engl J Med. 2007; 356: 125-134.

123.Escudier B, Pluzanska A, Koralewski P, Ravaud A, Bracarda S, Szczylik C, et al. Bevacizumab plus interferon alfa-2a for treatment
of metastatic renal cell carcinoma: a randomised, double-blind phase Ill trial. Lancet. 2007; 370: 2103-2111.

124.Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S, et al. Efficacy of everolimus in advanced renal cell carcinoma:
a double-blind, randomised, placebo-controlled phase Il trial. Lancet. 2008; 372: 449-456.

125.Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O, et al. Sunitinib versus interferon alfa in metastatic
renal-cell carcinoma. N Engl J Med. 2007; 356: 115-124.

126.Sternberg CN, Davis ID, Mardiak J, Szczylik C, Lee E, Wagstaff J, et al. Pazopanib in locally advanced or metastatic renal cell
carcinoma: results of a randomized phase lll trial. J Clin Oncol. 2010; 28: 1061-1068.

127.Rini B, Escudier B, Tomczak P, Kaprin A, Szczylik C, Hutson TE, et al. Comparative effectiveness of axitinib versus sorafenib in
advanced renal cell carcinoma (AXIS): a randomised phase 3 trial. Lancet. 2011; 378: 1931-1939.

128.McTigue M, Murray BW, Chen JH, Deng YL, Solowiej J, Kania RS. Molecular conformations, interactions, and properties
associated with drug efficiency and clinical performance among VEGFR TK inhibitors. Proc Natl Acad Sci U S A. 2012; 109:
18281-18289.

129.Huang D, Ding Y, Li Y, Luo WM, Zhang ZF, Snider J, et al. Sunitinib acts primarily on tumor endothelium rather than tumor cells
to inhibit the growth of renal cell carcinoma. Cancer Res. 2010; 70: 1053-1062.

Renal Cell Carcinoma | www.smgebooks.com 35
Copyright © Siddappa S.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for com-
mercial purposes, as long as the author and publisher are properly credited.


http://www.ncbi.nlm.nih.gov/pubmed/24074763
http://www.ncbi.nlm.nih.gov/pubmed/24074763
http://www.ncbi.nlm.nih.gov/pubmed/24074763
http://www.ncbi.nlm.nih.gov/pubmed/24074763
http://www.ncbi.nlm.nih.gov/pubmed/21453469
http://www.ncbi.nlm.nih.gov/pubmed/21453469
http://www.ncbi.nlm.nih.gov/pubmed/12810695
http://www.ncbi.nlm.nih.gov/pubmed/12810695
http://www.ncbi.nlm.nih.gov/pubmed/24526734
http://www.ncbi.nlm.nih.gov/pubmed/19451442
http://www.ncbi.nlm.nih.gov/pubmed/19451442
http://www.ncbi.nlm.nih.gov/pubmed/19451442
http://www.ncbi.nlm.nih.gov/pubmed/24220935
http://www.ncbi.nlm.nih.gov/pubmed/24220935
http://www.ncbi.nlm.nih.gov/pubmed/24220935
http://www.ncbi.nlm.nih.gov/pubmed/17363529
http://www.ncbi.nlm.nih.gov/pubmed/17363529
http://www.ncbi.nlm.nih.gov/pubmed/16585157
http://www.ncbi.nlm.nih.gov/pubmed/16585157
http://www.ncbi.nlm.nih.gov/pubmed/21984948
http://www.ncbi.nlm.nih.gov/pubmed/21984948
http://www.ncbi.nlm.nih.gov/pubmed/19661076
http://www.ncbi.nlm.nih.gov/pubmed/19661076
http://www.ncbi.nlm.nih.gov/pubmed/22235142
http://www.ncbi.nlm.nih.gov/pubmed/22235142
http://www.ncbi.nlm.nih.gov/pubmed/15625368
http://www.ncbi.nlm.nih.gov/pubmed/15625368
http://www.ncbi.nlm.nih.gov/pubmed/10561363
http://www.ncbi.nlm.nih.gov/pubmed/10561363
http://www.ncbi.nlm.nih.gov/pubmed/10023944
http://www.ncbi.nlm.nih.gov/pubmed/10023944
http://www.ncbi.nlm.nih.gov/pubmed/18676741
http://www.ncbi.nlm.nih.gov/pubmed/18676741
http://www.ncbi.nlm.nih.gov/pubmed/17215530
http://www.ncbi.nlm.nih.gov/pubmed/17215530
http://www.ncbi.nlm.nih.gov/pubmed/18156031
http://www.ncbi.nlm.nih.gov/pubmed/18156031
http://www.ncbi.nlm.nih.gov/pubmed/18653228
http://www.ncbi.nlm.nih.gov/pubmed/18653228
http://www.ncbi.nlm.nih.gov/pubmed/17215529
http://www.ncbi.nlm.nih.gov/pubmed/17215529
http://www.ncbi.nlm.nih.gov/pubmed/20100962
http://www.ncbi.nlm.nih.gov/pubmed/20100962
http://www.ncbi.nlm.nih.gov/pubmed/22056247
http://www.ncbi.nlm.nih.gov/pubmed/22056247
http://www.ncbi.nlm.nih.gov/pubmed/22988103
http://www.ncbi.nlm.nih.gov/pubmed/22988103
http://www.ncbi.nlm.nih.gov/pubmed/22988103
http://www.ncbi.nlm.nih.gov/pubmed/20103629
http://www.ncbi.nlm.nih.gov/pubmed/20103629

130.Rini B, Cohen DP, Lu DR, Chen |, Hariharan S, Gore ME, et al. Hypertension as a biomarker of efficacy in patients with metastatic
renal cell carcinoma treated with sunitinib. J Natl Cancer Inst. 2011; 103: 763-773.

131.Escudier B, Szczylik C, Hutson TE, Demkow T, Staehler M, Rolland F, et al. Randomized phase Il trial of first-line treatment with
sorafenib versus interferon Alfa-2a in patients with metastatic renal cell carcinoma. J Clin Oncol. 2009; 27: 1280-1289.

132.Motzer RJ, Hutson TE, Cella D, Reeves J, Hawkins R, Guo J, et al. Pazopanib versus sunitinib in metastatic renal-cell carcinoma.
N Engl J Med. 2013; 369: 722-731.

133.Rini BI, Melichar B, Ueda T, Griinwald V, Fishman MN, Arranz JA, et al. Axitinib with or without dose titration for first-line metastatic
renal-cell carcinoma: a randomised double-blind phase 2 trial. Lancet Oncol. 2013; 14: 1233-1242.

134.Cancer Genome Atlas Research Network. Comprehensive molecular characterization of clear cell renal cell carcinoma. Nature.
2013; 499: 43-49.

135.Shariat SF, Karam JA, Karakiewicz Pl. Words of wisdom. Re: Temsirolimus, interferon alfa, or both for advanced renal-cell
carcinoma. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A, Staroslawska E, Sosman J, McDermott D, Bodrogi I,
Kovacevic Z, Lesovoy V, Schmidt-Wolf IG, Barbarash O, Gokmen E, O’'Toole T, Lustgarten S, Moore L, Motzer RJ; Global ARCC
Trial. N Engl J Med 2007;356:2271-81. Eur Urol. 2009; 55: 250-252.

136.Sharma P, Wagner K, Wolchok JD, Allison JP. Novel cancer immunotherapy agents with survival benefit: recent successes and
next steps. Nat Rev Cancer. 2011; 11: 805-812.

137.Peggs KS, Quezada SA, Allison JP. Cancer immunotherapy: co-stimulatory agonists and co-inhibitory antagonists. Clin Exp
Immunol. 2009; 157: 9-19.

138.Yang JC, Hughes M, Kammula U, Royal R, Sherry RM, Topalian SL, et al. Ipilimumab (anti-CTLA4 antibody) causes regression
of metastatic renal cell cancer associated with enteritis and hypophysitis. J Immunother. 2007; 30: 825-830.

139.Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, et al. Safety, activity, and immune correlates of anti-
PD-1 antibody in cancer. N Engl J Med. 2012; 366: 2443-2454.

140.Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu P, et al. Safety and activity of anti-PD-L1 antibody in patients with
advanced cancer. N Engl J Med. 2012; 366: 2455-2465.

141.Motzer RJ, Porta C, Vogelzang NJ, Sternberg CN, Szczylik C, Zolnierek J, et al. Dovitinib versus sorafenib for third-line targeted
treatment of patients with metastatic renal cell carcinoma: an open-label, randomised phase 3 trial. Lancet Oncol. 2014; 15: 286-
296.

142.Gerlinger M, Rowan AJ, Horswell S, Larkin J, Endesfelder D, Gronroos E, et al. Intratumor heterogeneity and branched evolution
revealed by multiregion sequencing. N Engl J Med. 2012; 366: 883-892.

Renal Cell Carcinoma | www.smgebooks.com 36
Copyright © Siddappa S.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for com-
mercial purposes, as long as the author and publisher are properly credited.


http://www.ncbi.nlm.nih.gov/pubmed/21527770
http://www.ncbi.nlm.nih.gov/pubmed/21527770
http://www.ncbi.nlm.nih.gov/pubmed/19171708
http://www.ncbi.nlm.nih.gov/pubmed/19171708
http://www.ncbi.nlm.nih.gov/pubmed/23964934
http://www.ncbi.nlm.nih.gov/pubmed/23964934
http://www.ncbi.nlm.nih.gov/pubmed/24140184
http://www.ncbi.nlm.nih.gov/pubmed/24140184
http://www.ncbi.nlm.nih.gov/pubmed/23792563
http://www.ncbi.nlm.nih.gov/pubmed/23792563
http://www.ncbi.nlm.nih.gov/pubmed/20050019
http://www.ncbi.nlm.nih.gov/pubmed/20050019
http://www.ncbi.nlm.nih.gov/pubmed/20050019
http://www.ncbi.nlm.nih.gov/pubmed/20050019
http://www.ncbi.nlm.nih.gov/pubmed/22020206
http://www.ncbi.nlm.nih.gov/pubmed/22020206
http://www.ncbi.nlm.nih.gov/pubmed/19659765
http://www.ncbi.nlm.nih.gov/pubmed/19659765
http://www.ncbi.nlm.nih.gov/pubmed/18049334
http://www.ncbi.nlm.nih.gov/pubmed/18049334
http://www.ncbi.nlm.nih.gov/pubmed/22658127
http://www.ncbi.nlm.nih.gov/pubmed/22658127
http://www.ncbi.nlm.nih.gov/pubmed/22658128
http://www.ncbi.nlm.nih.gov/pubmed/22658128
http://www.ncbi.nlm.nih.gov/pubmed/24556040
http://www.ncbi.nlm.nih.gov/pubmed/24556040
http://www.ncbi.nlm.nih.gov/pubmed/24556040
http://www.ncbi.nlm.nih.gov/pubmed/22397650
http://www.ncbi.nlm.nih.gov/pubmed/22397650

	Title
	INTRODUCTION
	EPIDEMIOLOGY AND ETIOLOGY
	CLINICAL PRESENTATION
	CLASSIFICATION AND PATHOLOGY
	Salient Gross Features
	Clear cell RCC (ccRCC)
	Gross
	Microscopy

	Multilocular Cystic RCC
	Gross
	Microscopy

	Papillary RCC (PRCC)
	Gross
	Microscopy 

	Chromophobe RCC (CRCC)
	Gross
	Microscopy
	Immunohistochemistry

	Collecting Duct Carcinoma
	Grossly
	Microscopy

	Differential Diagnosis
	Prognosis

	RENAL MEDULLARY CARCINOMA 
	Gross
	Microscopy

	SARCOMATOID DIFFERENTIATION
	VARIANTS
	UNCLASSIFIED RCC
	RARE NOT SO COMMON VARIANTS
	Lympho Epithelial Carcinoma of the Kidney
	RCC Following Neuroblastoma
	Microscopy 
	Gross
	Microscopy

	RCC Due To Translocation and TFEB Gene Fusion
	Premalignant and benign Lesions Arising in the Kidney

	STAGING AND PROGNOSIS
	Nuclear Grading

	TNM STAGING OF RENAL NEOPLASM (AJCC 7TH EDITION, 2010) [1,61]
	ROLE OF PERCUTANEOUS NEEDLE BIOPSY FOR RENAL MASSES
	Techniques
	Complications
	Diagnostic Accuracy

	MANAGEMENT OF LOCALIZED DISEASE
	Nephrectomy (Partial v Radical) and Laparoscopy
	Nephron Sparing Surgery
	Indications for PN
	Evaluation 
	Technique for Nephron-Sparing Surgery
	Ablative Approaches

	RISK FACTORS FOR PROGRESSION
	Prognostic Algorithms for Patients with Metastatic Disease

	MANAGEMENT OF METASTATIC DISEASE
	Cytoreductive Nephrectomy
	Adjuvant Therapy

	MOLECULAR BIOMARKERS
	CURRENTLY AVAILABLE SYSTEMIC DRUGS
	Cytokines
	Drugs that Target the VEGF Pathway
	mTOR Inhibitors

	EMERGING TREATMENTS AND CONCEPTS IN RCC
	Immune Checkpoint Blocking Agents
	Other Targeted Agents

	GENOMIC HETEROGENEITY AND IMPACT ON TREATMENT 
	CONCLUSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	Figure 18
	Figure 19
	Figure 20

