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            Introduction 

 With approximately 65,000 cases and 15,000 
deaths, renal cell carcinoma (RCC) is the third most 
common and deadliest urologic malignancy, 
accounting for 2 % of solid malignancies diagnosed 
in the United States (USA), making it the sixth most 
common malignancy in men and the seventh most 
common malignancy in women [ 1 ,  2 ]. Despite a 
robust downward stage migration due to increasing 
utilization of radiological imaging modalities and 
diagnoses in incidental settings, deaths from RCC 
continue to rise, raising the scepter of an even higher 
death rate in the absence of the impact of inciden-
tally discovered disease. The underlying reasons for 
this are unclear, but are likely related to as of yet 
ill- defi ned complex interaction between  environ-
mental risk factors and metabolic drivers   (obesity, 
hypertension) which give rise to RCC and continue 
to drive incidence up even as other prominent risk 
factors may be on the decline (smoking/tobacco 
use), lack of overarching successful systemic thera-
peutic strategy, and an aging population [ 3 – 7 ]. 

 This chapter will review the major histopatho-
logical categorization and subtypes of RCC and 
major benign cortical tumors, staging classifi ca-
tions, as well as therapeutic strategies and options 
for different stages and ongoing controversies 
regarding management.  

    Renal Tumor Pathology 
 and Grading   

 Perhaps the earliest description of a renal 
tumor was that offered by Daniel Sennert in his 
textbook  Practicae Medicinae  in 1613. Under 
the term “Scirrhus renum,”  Sennert   stated, 
“Sometimes the kidneys are attacked by hard 
growths and hard swellings, which often hap-
pen following poorly cared for infl ammation. 
Moreover the hard swelling of bad kidneys 
which has the capacity to throw a person into 
cachexia and dropsy, is for the greater part 
incurable.” 

 The fi rst use of the word “Conventional” 
RCC was in the 1997 WHO classifi cation of 
renal neoplasms, and it was used to denote the 
clear cell form of RCC. However, the editor’s 
selection as a title for this chapter “Conventional 
Forms of Renal Neoplasia” intends to include 
more than just that. For this reason in this chap-
ter, we will try to discuss the most common 
forms of renal neoplasms known to pathologists 
for some time before the plethora of the recently 
recognized special forms of renal neoplasms 
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that started around the mid-1980s with the 
 introduction of chromophobe RCC by Theones 
and his colleagues. In this chapter, we will dis-
cuss clear cell RCC, multilocular cystic clear cell 
renal cell neoplasm of low malignant potential 
(multilocular cystic renal cell carcinoma), papil-
lary RCC,  papillary adenoma, chromophobe 
RCC, and  oncocytoma     . 

    Clear Cell Renal Cell Carcinoma 

 Clear cell renal cell carcinoma ( CCRCC)   is the 
most common  renal malignancy  . It has been ini-
tially named the Grawitz tumor in reference to 
Grawitz who in 1883 recognized microscopically 
the presence of adrenal rests in the renal cortex, 
gave it the name “struma suprarenalis aberrata” 
(Fig.  5.1    ). He postulated that they are precursors 
of renal neoplasms [ 8 ]. However, in 1893 Sudeck 
published his observation of fi nding atypical 
tubules adjacent to renal tumors, postulated that 
these are the origin of renal tumors, and chal-
lenged Grawitz theory [ 8 ]. Such fi nding has been 
recently supported by one publication [ 9 ]. Despite 
Sudeck’s challenge, in 1894 Lubarsch supported 
Grawitz theory and coined the term “hyperneph-
roid tumor” which was later on  modifi ed to 

“hypernephroma” by Birch-Hirschfeld [ 8 ]. This 
term remained in use until the late 1970s.

   CCRCC occurs in  sporadic and familial forms  . 
 Sporadic CCRCC   is mostly found in the 6th 
decade with male to female ratio of 2–3:1 as soli-
tary mass of the renal cortex commonly protrud-
ing on the renal surface as a globular or bosselated 
mass. Multiple or bilateral tumors or early age of 
onset should raise concern for the familial forms 
associated with von Hippel-Lindau (VHL) syn-
drome or constitutional chromosome 3 transloca-
tion.  Familial   cases comprise less than 5 % of all 
cases of CCRCC. A band of fi brosis of variable 
thickness (pseudocapsule) is present at the inter-
face of the tumor with the nonneoplastic kidney. 
Generally, the cut surface is solid and golden 
 yellow in color due to high fat content, but com-
monly displays foci of hemorrhage and necrosis 
and cyst formation. Calcifi cation and even ossifi -
cation may be encountered. The size is variable, 
but the majority of tumors nowadays are less than 
seven centimeters due to advances in the imaging 
and surgical techniques. 

 Microscopically as the name indicates, the tumor 
consists of cells with optically clear cytoplasm due 
to high content of lipid and glycogen, which dis-
solve during routine processing. A population of 
cells with eosinophilic cytoplasm can be found and 

  Fig. 5.1     Adrenal rest 
in renal cortex  . 100× 
magnifi cation       
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rarely may be the predominant cell type (Fig.  5.2    ). 
The cell border is distinct but not prominent. The 
cells are arranged in solid sheets and nests or alveoli 
and acini that may dilate to form microcystic or 
macrocystic spaces or combination of patterns. 
These spaces may be fi lled with serous fl uid or 
blood (“blood lakes”). An elaborate network of 
thin-walled blood vessels invests these structures. 
The nuclei are usually round and uniform with 
evenly distributed chromatin. The size of the 
nucleus and the prominence of the nucleolus are the 
basis for the Fuhrman grading system. A host 
response of tumor infi ltrating lymphocytes is usu-
ally present but can be very variable in intensity. 
Rarely a granulomatous response can be seen 
around tumor cells (Fig.  5.3    ). Host response and 

tumor necrosis with subsequent organization may 
cause tumor regression and reduce the tumor to a 
small scar.

     Immunohistochemistry   can be helpful with 
the diagnosing CCRCC particularly in limited 
samples like core biopsies and fi ne needle aspira-
tion. CCRCC is usually positive with the RCC 
marker, vimentin, PAX2, PAX8, CD10, carbonic 
anhydrase IX, and CK18 and usually negative 
with CK5, CK6, CK7, CK20, HMWKs, and 
CD117 [ 9 ]. AMACR and E-cadherin can be 
 variable [ 10 ]. 

 The  tumor grade   is second to the tumor stage in 
predicting prognosis. The most widely used grad-
ing system is the nuclear grading system published 
by Fuhrman et al. in 1982 [ 11 ]. It is a four-tier 

  Fig. 5.2    Clear cell renal 
cell carcinoma  with 
predominantly 
eosinophilic cells  . 200× 
magnifi cation       

  Fig. 5.3     Granulomatous 
host response   to clear 
cell renal cell 
carcinoma. 200× 
magnifi cation       
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grading system based on the size of the nucleus 
and the prominence of the nucleolus at the 10× 
objective. Grade 1 tumors have nuclei that are less 
than 10 μm with dense chromatin and invisible 
nucleoli at the 100× magnifi cation or higher. 
Grade 2 nuclei are less than 15 μm with fi nely 
granular chromatin and invisible nucleoli at 100× 
magnifi cation but may be visible at 200×. Grade 3 
nuclei are less than 20 μm and nucleoli are easily 
visible at 100× magnifi cation. Grade 4 tumors dis-
play nuclei that are larger than 20 μm with notice-
able hyperchromasia and pleomorphism and 
contain single or multiple macronucleoli. CCRCC 
can show areas with variable grades; however, the 
tumor grade is assigned based on the highest grade 
encountered. In 2013, ISUP proposed a modifi ca-
tion of the Fuhrman grading system, which relies 
solely on the prominence of the nucleoli for grades 
1–3. ISUP grade 4 tumors should encompass 
tumors with rhabdoid or sarcomatoid differentia-
tion or those containing tumor giant cells or show-
ing extreme nuclear pleomorphism with clumping 
of chromatin [ 12 ]. 

  Staging      of CCRCC is not discussed here 
extensively; however, CCRCC commonly spreads 
via blood stream. About 75 % of metastatic 
CCRCC are seen in the lungs. It is also known to 
metastasize to unusual sites like the eye, thyroid, 
parotid glands, pancreas, and cerebellum even 
after many years, which can reach up to 30 years. 
In such odd sites, the metastatic CCRCC may 
mimic primary tumors of these organs (e.g., clear 
cell myoepithelioma of parotid or hemangioblas-
toma of the central nervous system, which also 
shares the VHL mutation with CCRCC) [ 13 ]. In 
such situations, one may miss the diagnosis 
 particularly if the history of prior RCC is not 
available due to long interval or due to patient 
changing hospitals. The clear cell morphology 
and the intricate delicate vascular network should 
stimulate the alert pathologist to think about pos-
sible metastatic CCRCC. The role of immunohis-
tochemistry in directing the workup of such 
situations cannot be ignored. 

 Although most CCRCC are sporadic, cytoge-
netic studies have detected chromosomal abnor-
malities in the majority of them including 3p 
deletions involving the VHL locus at 3p25–26 

[ 14 ,  15 ], the familial human RCC chromosomal 
translocation point at 3p13–14 [ 16 ], and 3p21–22 
[ 17 ].  Chromosome 3p deletions   were detected in 
very small  CCRCC   suggesting it to be an early 
event in its development [ 18 ]. Other chromo-
somal abnormalities like 9p loss [ 19 ] and 14q 
deletions [ 20 ] have been found in patients with 
higher grade and stage and they correlate with 
poor outcome.  

    Multilocular Cystic Clear Cell Renal 
Cell Neoplasm of Low Malignant 
Potential ( Multilocular Cystic Renal 
Cell Carcinoma  )    

 A tumor closely related to CCRCC, these in its 
pure form have never been reported to have pro-
gressed, recurred, or metastasized and are seen in 
adults and more commonly in males. Previously 
regarded as a “carcinoma,” in 2013 ISUP adopted 
a change in the nomenclature for these tumors to 
refl ect its low malignant potential [ 21 ]. They are 
well-circumscribed masses with fi brous capsule 
and made up entirely of cysts. The cysts are lined 
by clear cells with grade 1 nuclei and the septa 
between the cysts may contain small non- 
expansile groups of clear cells with grade 1 nuclei 
[ 22 ,  23 ].  

    Papillary Renal Cell Carcinoma 

 Papillary renal cell carcinoma ( PRCC)   is the sec-
ond most common  malignant renal neoplasm   and 
comprises about 10 % of RCC. Its age and sex 
distribution and clinical presentation are similar 
to that of CCRCC [ 24 ,  25 ].  Angiography studies   
suggest relative hypovascularity of PRCC [ 25 ]. 
Grossly PRCC is more prone to show multifocal-
ity and bilaterality particularly in cases of here-
ditary PRCC [ 26 ]. They frequently show areas of 
hemorrhage, necrosis, and cystic change. Well- 
circumscribed tumors have fi brous capsule. In 
the 1986 Mainz classifi cation of renal tumors, 
PRCC was named chromophil RCC in contrast to 
the chromophobe RCC, and this was mainly 
due to its microscopic composition of either 
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 basophilic or eosinophilic cells or combination. 
This chromophilic classifi cation did not convey 
much prognostic signifi cance. More recently 
Delahunt and Eble [ 27 ] proposed reclassifying 
PRCC into type 1 and type 2 based on that in type 
1 the papillary fronds are lined by a single layer 
of small cells with scant cytoplasm (Fig.  5.4       ), 
while in type 2 tumor papillae are lined by larger 
cells with eosinophilic cytoplasm with pseu-
dostratifi ed nuclei of usually higher grade 
(Fig.  5.5       ). This classifi cation proved to be of 
 better prognostic signifi cance [ 27 ,  28 ]. Type 1 is 
commonly multifocal, while type 2 is unifocal. 
PRCC is not always made entirely of papillary 
structures but can show variable proportions 
of papillae and tubules. Large cystic areas with 

 papillary fronds can also be found. Aggregates of 
foamy histiocytes and hemosiderin-laden macro-
phages can been seen mostly in the papillary 
cores. The lining epithelium may show hemo-
siderin granules decorating its luminal border. 
Calcifi cations and psammoma bodies can be 
found in PRCC. The so-called solid variant of 
PRCC is due to predominance of tubular and glo-
meruloid growths or to very compact papillae 
[ 29 ].  Sarcomatoid foci   can be seen in up to 5 % 
of type 1 and type 2 PRCC, mainly as high-grade 
spindle cells [ 27 ].

    By  immunohistochemistry  , PRCC is usually 
positive for RCC marker, CK7, vimentin, AMACR, 
PAX2, PAX8, and CD10 and usually negative for 
HMWK, E-cadherin, and CD117 and negative 

  Fig. 5.4    Type  I      
papillary renal cell 
carcinoma. 100× 
magnifi cation       

  Fig. 5.5    Type  II      
papillary renal cell 
carcinoma. 400× 
magnifi cation       
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for uroplakin and p63, which help differentiate 
from papillary urothelial carcinoma if it is in the 
differential diagnosis of a papillary renal neo-
plasm. TFE3 is also negative in PRCC, which 
will be helpful in differentiating it from an Xp11 
translocation carcinoma with papillary architec-
ture [ 10 ,  30 ]. The non-sporadic (familial) PRCC 
are seen in patients with the hereditary PRCC 
syndrome and Birt–Hogg–Dube syndrome and 
these are usually type 1 [ 26 ,  31 ], while type 2 is 
usually seen in patients with the hereditary leio-
myomatosis and RCC syndrome [ 32 ,  33 ]. 

 The commonest  cytogenetic abnormalities   
in PRCC are trisomy of chromosomes 7 and 17 
and loss of chromosome Y [ 34 ]. These karyo-
typic abnormalities are diagnostic of PRCC even 
if the tumor lacks the papillary architecture. In 
their absence, a tumor cannot be classifi ed as 
PRCC even if it displays papillary architecture. 
The type of PRCC, nuclear grade, and stage cor-
relate with prognosis and survival [ 28 ]. However, 
in multivariate analysis, only the tumor stage 
seems to be the only signifi cant variable [ 35 ].  

     Papillary Adenoma      

 The term papillary adenoma is restricted to 
tumors that are 0.5 cm or less in diameter and 
composed of papillary or tubulo-papillary struc-
tures. With this defi nition they are the most 
 common epithelial neoplasm of the kidney as 

suggested by autopsy studies which show 
 exponential increase in their incidence from 10 % 
in patients younger than 40 years to 40 % in 
patients older than 70 years [ 36 ,  37 ]. They are 
also seen with higher frequency in kidneys of 
patients on long-term dialysis regardless of age 
[ 38 ,  39 ]. Grossly, they are frequently encoun-
tered as subcapsular yellow or greyish white nod-
ules. Microscopically they are similar to type 1 
PRCC (Fig.  5.6       ) but occasionally can look like 
type 2 also. Most tumors are not encapsulated, 
but if a capsule is present, it is usually thin. 
Foamy macrophages and psammoma bodies are 
frequently present. Papillary adenoma shares the 
same genetic abnormality like PRCC with loss of 
Y and trisomy 7 and 17.

       Chromophobe Renal Cell Carcinoma 

 Theones described chromophobe renal cell carci-
noma ( CRCC)   in 1985 as renal carcinoma with 
large  pale cells with prominent cell membrane   
[ 40 ]. It accounts for about 5 % of all renal tumors 
mostly encountered in the 6th decade with equal 
incidence in men and women [ 41 ]. Sporadic and 
hereditary forms exist. 

 Grossly they are usually solid circumscribed 
tumors with variegated light brown to tan cut sur-
face. Microscopically they are characterized by 
large polygonal cells with clear to pale eosino-
philic fi nely reticulated cytoplasm with prominent 

  Fig. 5.6     Papillary 
adenoma     . 100× 
magnifi cation       
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cell membrane. The nuclei are usually wrinkled 
with small nucleoli and a perinuclear halo 
(Fig.  5.7    ). Binucleation is common. An eosino-
philic variant of CRCC has been described in 
which the cell cytoplasm is eosinophilic without 
reticulation [ 42 ]. Sarcomatoid areas can rarely be 
encountered in CRCC [ 43 – 46 ]. The cytoplasm of 
the CRCC cells stains positive with Hale’s colloi-
dal iron stain [ 40 ,  47 ] (Fig.  5.8    ). Ultrastructurally, 
CRCC shows abundant microvesicles and the 
eosinophilic type is rich in mitochondria. Grading 
of CRCC is controversial as many well-behaving 
and low-stage tumors show innate atypical nuclei 
[ 48 ]. The Fuhrman grading system was shown to 
be not applicable for CRCC [ 49 ,  50 ]. An alterna-
tive histologic grading system was proposed, but 
further validation is needed [ 50 ,  51 ].

    The immunohistochemical profi le of CRCC is 
positive for CK7 (Fig.  5.9       ), CK18, E-cadherin, 
kidney-specifi c cadherin, PAX8, and CD117 and 
negative for vimentin, AMACR, and variable with 
RCC marker and CD10, but mainly negative [ 10 , 
 30 ,  47 ]. CRCC shows numerous chromosomal 
loss, which usually leads to hypodiploidy on DNA 
analysis [ 52 ,  53 ].  CRCC   has good prognosis with 
no mortality at 5 years and 10 % mortality at 
10 years [ 54 ]; however, sarcomatoid transforma-
tion is a poor prognostic indicator [ 45 ].

        Oncocytoma   

 A benign renal neoplasm made up of oncocytic 
cells with  abundant granular eosinophilic cyto-
plasm   rich in mitochondria. It was fi rst described 
by Klein and Valensi in 1976 [ 55 ]. It constitutes 
about 5 % of all renal epithelial neoplasms and it 
is most frequent in the 7th decade with a male to 
female incidence ratio of 2:1. Most tumors are 
sporadic. It is believed that both oncocytoma and 
chromophobe RCC share origin from the interca-
lated cells of the cortical collecting ducts [ 47 ,  52 , 
 55 – 59 ]. 

 Grossly, oncocytomas are discrete well  cir-
cumscribed   but not encapsulated tumors. The cut 
surface is “mahogany brown” solid with a stellate 
scar in about 40 % of cases. Punctate hemorrhage 
may be encountered but no gross evidence of 
necrosis. Microscopically the tumor is composed 
of oncocytes that are round to polygonal with 

  Fig. 5.7    Chromophobe renal cell carcinoma, classic vari-
ant. 400×  magnifi cation         

  Fig. 5.8     Positive colloidal iron stain in   chromophobe 
renal cell carcinoma. 400× magnifi cation       

  Fig. 5.9     Cytokeratin 7      in chromophobe renal cell carci-
noma. 200× magnifi cation       
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deeply eosinophilic granular cytoplasm with 
round regular centrally located nucleus with 
prominent nucleolus. The oncocytes are arranged 
in compact groups of small solid nests, acini, 
tubules, microcysts, or a combination of these 
structures embedded in loose edematous or hypo-
cellular hyalinized stroma. Occasional clusters 
may display atypical degenerative nuclei, which 
does not affect the biologic behavior of the tumor. 
 Mitoses   are rare to absent and if present they are 
typical mitoses. Abundant clear cells or true pap-
illary architecture is not a feature of oncocytoma 
and if encountered a diagnosis other than oncocy-
toma should be sought. Rarely oncocytoma 
may extend into perinephric fat or be seen within 
 vessels [ 58 – 60 ]. Such features do not affect 
 prognosis. Being a benign tumor, oncocytoma 
should not be graded or staged. Oncocytomas do 
not metastasize, although one report has claimed 
that two of seventy cases had metastasis. One 
case metastasized to the liver, which was histo-
logically confi rmed, and the second case metasta-
sized to the liver and bone, but this was not 
histologically confi rmed and could have been 
metastasized from other tumors [ 59 ]. 

 Oncocytoma being related to CRCC should 
be differentiated from it. Oncocytomas have no 
fi brous capsule, show no prominent cell mem-
branes, and do not show diffuse reticular positive 
reaction with Hale’s colloidal iron stain, and 
nuclei are not wrinkled. Oncocytomas show over-
lapping immunophenotypic  features   with CRCC 
including the positivity for CD117. CK7 is usu-
ally negative in oncocytoma and if positive will be 
in the form of scattered positive cells (Fig.  5.10       ), 
in contrast to CRCC, which shows diffuse positive 
reaction. Few studies reported loss of chromo-
some Y and 1 in  oncocytoma   [ 61 ,  62 ].

        Staging of Renal Cell Carcinoma 

 Staging of RCC is based on the  AJCC/TNM clas-
sifi cation   with its most recent iteration being 
in 2010, incorporating modifi cations based on 
increased understanding of tumor biology. The 
major change involved reclassifi cation of T3a 
tumors with noncontiguous adrenal involvement 
(which had a worse prognosis to T4), while 

 proposed erasure of the breakpoint between T1a 
and T1b at 4 cm was rejected, based on data sug-
gesting that size appears to have continual prog-
nostic signifi cance, especially in the range of 
2–6 cm [ 5 ,  6 ]. Nonetheless, the broad categories 
and breakdown of staging have remained unchan-
ged and are as follows: stage I- T1N0M0  , with T1 
tumors being defi ned as <7 cm maximum dimen-
sion, and the breakpoint between T1a and T1b 
being 4 cm; stage II-T2N0M0, with T2 tumors 
being defi ned as >7 cm and the breakpoint 
between T2a and T2b being 10 cm; stage III-
T3N0/1M0, with T3a being revised to include 
tumors breaking the renal capsule and tumor 
thrombus being confi ned to the renal vein, T3b 
including tumors with thrombus into the sub-
diaphragmatic inferior vena cava (IVC), and T3c 
comprising tumor thrombus into the supradia-
phragmatic IVC; and stage IV comprising T4 
(with extension into adjacent organs) with AnyN/
AnyM or TAny/withN (>1 regional lymph node 
metastasis) or M1 [ 63 ].  

    Evaluation and Workup of Cortical 
Renal Tumors 

 The cornerstone of evaluation is the history and 
 physical  . Careful attention should be paid to con-
current symptoms (e.g., hematuria or fl ank pain), as 
well as family history or symptomatic presentation 
which may guide further studies. Presence of 
 physical exam fi ndings may also indicate locally 

  Fig. 5.10     Cytokeratin 7      in oncocytoma       
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advanced (e.g., left-sided varicocele, lower extrem-
ity edema) or metastatic disease. The standard labo-
ratory evaluation should include determination of 
renal function (BUN/creatinine and calculation 
of eGFR), liver function tests (including alkaline 
phosphatase), and a complete blood count. While 
several  putative markers   [nonspecifi c markers of 
systemic infl ammation such as C-reactive protein 
(CRP), erythrocyte sedimentation rate (ESR), and 
platelet count] and tissue-based markers such as 
carbonic anhydrase IX have been demonstrated to 
have prognostic predictive utility, currently no sin-
gle test or set of tests has gained widespread accep-
tance as an overarching tumor marker [ 3 ,  4 ]. 

 Utilization of cross-sectional contrast- 
enhanced imaging studies (MRI or CT) remains 
as the confi rmatory modalities of choice to assess 
local extent of disease and regional and abdomi-
nal metastases [ 64 ]. While data exist which 
 demonstrate differential enhancement patterns 
between different tumor histologies, currently 
such data are of limited utility in clinical decision 
making [ 65 ,  66 ]. MRI may have added advan-
tages in delineation of venous thrombus extent 
and allows utilization of contrast in patients with 
eGFR < 60; utilization of gadolinium contrast in 
patients with eGFR < 30 (severe CKD) is contra-
indicated given risk regarding progressive sys-
temic fi brosis [ 67 ].  Chest imaging   should be 
obtained as part of the workup, given the fact that 
the chest is the most common site of metastasis in 
RCC. Generally for lower-risk tumors, a chest 
X-ray is suffi cient, with CT of the chest being 
preferred for higher-risk primary tumors or 
in patients with suggestive symptomatology. 
Current data do not support utilization of PET/
CT for staging or follow-up of RCC, and utiliza-
tion of adjunctive staging imaging (bone scintig-
raphy) or head CT should be limited to patients 
with elevated alkaline phosphatase (bone scintig-
raphy) or symptomatology (bone or neurological 
imaging) [ 6 ].  

    Management 

 Treatment options are predicated by tumor stage, 
patient functional status, and whether or not 
 indication exists to preserve nephron function. 

Patients with a solitary kidney, bilateral synchronous 
masses, or preexisting chronic renal insuffi ciency 
(eGFR < 60) are considered to have imperative 
indication for nephron-sparing management 
appro aches. Relative indications for nephron-
sparing strategies include patients with signifi -
cant medical drivers towards CKD (eGFR < 70, 
diabetes mellitus (DM) with sequelae, morbid 
and diffi cult to control hypertension, proteinuria) 
and a contralateral abnormal kidney even in the 
setting of a normal GFR [ 68 ,  69 ]. 

    Role of Percutaneous Biopsy 
of Renal Masses 

  Percutaneous renal mass biopsy   is playing in 
increasingly important role in the management of 
RCC. With a greater understanding of the differ-
ential diagnosis and biological potential of RCC 
and improvements in biopsy technique and imag-
ing technology, data suggest that risk for tumor 
seeding is minimal with diagnostic accuracy 
rates exceeding that of CT or MRI. While most 
localized renal masses in appropriate patients 
undergo defi nitive extirpative therapy without 
prior biopsy, given the overall diagnostic accu-
racy of contrast- enhanced CT and MRI which 
approaches that of biopsy, biopsy may be the pre-
ferred fi rst-line approach in the diagnosis in the 
setting of metastatic disease (to confi rm histol-
ogy and guide systemic therapy), prior to ablative 
therapy (for risk stratifi cation and to guide fol-
low-up), and in select cases, prior to embarking 
on a strategy of active surveillance (and to rule 
out aggressive histology) [ 70 ].  

    Management of  Localized Renal 
Masses   (Stage I/Stage II) 

 The main options for clinical stage I renal masses 
include nephrectomy (as the reference standard 
for cT1a masses and an alternate standard for 
cT1b masses), radical nephrectomy (an alternate 
standard for cT1a masses and the reference stan-
dard for cT1b masses), observation, and thermal 
ablation, in select patients, while for clinical stage 
II renal masses include radical nephrectomy as 
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the standard and partial nephrectomy or observation 
in select patients [ 5 ,  6 ]. 

 Data suggest that partial nephrectomy has 
equivalent oncological outcomes to radical neph-
rec tomy for cT1a and cT2a, and emerging data 
suggest that equivalence may be extended to cT2 
renal mass [ 68 ]. Furthermore, retrospective data 
suggest that partial nephrectomy may confer sur-
vival advantage by a reduction of cardiovascular 
events and metabolic sequelae compared to radi-
cal nephrectomy [ 5 – 7 ]. These data have been 
called into question by the recent publication of 
EORTC clinical trial 30904, while demonstrating 
equivalence in oncological outcomes between 
partial and radical nephrectomy for renal cell car-
cinomas of 1–5 cm, nonetheless did not demon-
strate an improvement in overall survival [ 68 ]. 
While this clinical trial has been criticized for a 
number of valid reasons (including but not lim-
ited to early closure due to failure to accrue and 
resulting underpowering), the data nonetheless 
suggest that the impact of surgical nephron pres-
ervation may not be as great as previously thought 
and that retrospective data are heavily contami-
nated by selection  bias   [ 68 ]. 

 Probe- or energy-based ablation is a valid 
option for patients with smaller renal masses 
(<3.5 cm). Long-term retrospective data has 
recently been published which demonstrate long- 
term satisfactory outcomes of cryoablation and 
radiofrequency ablation (RFA) for renal masses 
<3.5 cm in size. While overall and cancer- specifi c 
survival is similar to partial and radical nephrec-
tomy, ablative treatment is nonetheless associ-
ated with a higher primary treatment failure rate, 
and concerns continue about the morbidity and 
effi cacy of salvage treatment, as well as the need 
for more intensive ionizing radiation follow-up 
[ 71 ,  72 ]. 

 Surveillance is an appropriate management 
option for patients with cT1a renal masses and 
who have limited life expectancy and/or whom 
immediate defi nitive management is not an imme-
diate consideration because of intervening 
 medical conditions. Recently published data also 
suggest that surveillance may be an appropriate 
option for larger (>cT1b)  masses   [ 73 ].  

    Management of Locally Advanced 
and Metastatic Disease (Stage III/
Stage IV) 

 Patients with clinical T3 renal masses are gener-
ally treated by radical nephrectomy with throm-
bectomy (renal vein or vena cava), with partial 
nephrectomy reserved as an option in select 
 clinical scenarios. The role of targeted agents 
[tyrosine kinase inhibitors ( TKI  )    and mTOR 
inhibitors] remains investigational in the adju-
vant or neoadjuvant setting in stage II or stage III 
RCC, though it may facilitate resection of locally 
advanced and bulky disease or nephron-sparing 
surgery in imperative indications in bulky or met-
astatic disease. Several ongoing clinical trials have 
either been completed (ASSURE, PROTECT) or 
are currently accruing patients (EVEREST) to 
determine the utility of adjunctive targeted therapy 
in localized or locally advanced disease to reduce 
disease recurrence and improve survival [ 74 ]. 

 The role of  lymphadenectomy   in T2 or T3 dis-
ease is not fi rmly established. While indication 
remains for regional lymphadenectomy in the 
presence of clinical lymphadenopathy (whether 
in preoperative imaging or intraoperative exam), 
the results of EORTC clinical trial were negative 
with respect to benefi ts of lymphadenectomy, 
though this clinical trial has also been criticized 
for its design which enrolled patients with lower- 
risk disease (i.e., cT1 tumors), whom were not 
likely to benefi t from lymphadenectomy. None-
theless, data suggest that lymphadenectomy may 
be of benefi t in patients with >cT2b and in the 
presence of high-grade tumors (Fuhrman Grade 
III/IV in the event of a preoperative biopsy), or 
tumor necrosis [ 68 ]. 

 Overall performance status (by ECOG score or 
Karnofsky  score     ) and burden of metastatic dis-
ease/metastatic disease in the bone or brain con-
tinue to be most important prognostic factors 
associated with prognosis in metastatic renal cell 
carcinoma. The development of novel systemic 
targeted agents (TKI/mTOR inhibitors) has revo-
lutionized the treatment of RCC with improve-
ment of partial response and disease stabiliza tion 
rates, complete response by pharmacologic means 
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remains rare, and high-dose interleukin-2 (IL-2) 
therapy remains an option in patients with excel-
lent performance status track record for achieving 
durable complete responses. While cytoreductive 
nephrectomy has remained a mainstay of therapy 
for metastatic disease in the targeted therapy era, 
based on Level I evidence from clinical trials in 
the immunotherapy era, the utility of cytoreduc-
tive nephrectomy and its timing have recently 
been questioned [ 75 ]. Nonetheless, retrospective 
data suggest that cytoreductive nephrectomy with 
or without metastasectomy is associated with 
improved outcomes in metastatic disease; clinical 
trials are underway to determine timing and utility 
of cytoreductive surgery [ 76 ]. The advent of pro-
grammed death ( PD-1  ) inhibitor  therapy   as an 
immune modulator may further revolutionize the 
treatment of metastatic disease, and the results of 
clinical trials are eagerly awaited [ 77 ].   

    Future Directions 

 While the last decade has witnessed numerous 
advances in therapy for localized and advanced 
RCC, much work remains to be done to improve 
outcomes in RCC. Tumor markers to assist in 
diagnosis and risk assessment of disease and risk 
stratifi cation to guide surveillance or defi nitive 
surgical therapy are lacking. As our understand-
ing improves of the molecular mechanisms under-
lying tumor aggressiveness and host response in 
different histological subtypes, the promise of an 
individualized integrative approach applying sys-
temic therapy and surgery may yet be realized for 
localized and advanced disease.     
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