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Chapter 5
Major Subtypes of Renal Cell Carcinoma

Mukul K. Divatia, Charles C. Guo, Aseeb Rehman, and Jae Y. Ro

Renal cell carcinoma (RCC) and its treatment have consistently remained in the fore-
ground as one of the most rapidly evolving areas in the ever-expanding field of solid 
tumor oncology. Significant developments have occurred over the past two decades in 
the clinical landscape that have vastly enhanced comprehension of etiopathogenesis 
of RCC and its modalities of management including advancements in minimally inva-
sive surgical techniques, employment of focal therapy, increased renal biopsy-based 
approach, advancements in immunotherapy, adoption of active surveillance strategies, 
and the use of targeted treatment strategies for patients with advanced disease. Efforts 
aimed at morphologically grouping specific cancers into distinct pathologic subtypes 
have not only allowed a common descriptive language, but are helping to crystallize 
the understanding of RCC’s molecular origins and its clinical behavior. It is these 
improved insights into the similarities and differences among RCC variants that offer 
clinical and therapeutic opportunities to improve patient care.

Renal neoplasms represent a group of heterogeneous tumors with various genetic 
and epigenetic abnormalities that are reflected in their histopathologic features and 
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molecular profiles [1–16]. Improved comprehension of the morphology, immunohisto-
chemistry, genomics, and epidemiology of renal cell tumors has resulted in the identi-
fication of novel morphologic as well as molecular features. Therefore, the classification 
of renal cell tumors has recently been revised and published in the 2016 World Health 
Organization (WHO) classification [1]. This review briefly summarizes the pathologic, 
molecular, and epidemiologic features of the major subtypes of renal cell tumors.

�WHO 2016 Classification of Renal Tumors

The revised WHO classification is based on advances in the understanding of newly 
identified characteristics of the molecular pathological epidemiology of renal cell 
tumors. The majority of the International Society of Urological Pathology (ISUP) 
Vancouver classification of renal neoplasia [17] was adopted for the revised 2016 
WHO classification of renal cell tumors [1].

The various subtypes of renal cell tumors are based on characteristic morpho-
logic features (Table  5.1) [1]. The major subtypes are clear cell RCC (CCRCC) 
(Fig. 5.1a), papillary RCC (PRCC) (Fig. 5.1b), and chromophobe RCC (ChRCC) 
(Fig. 5.1c) comprising 65–70%, 15–20%, and 5–7% of all RCCs, respectively. The 
designations of these various subtypes are based on their predominant cytoplasmic 
staining and cellular features (e.g., CCRCC, ChRCC, and renal oncocytoma), archi-
tectural features (e.g., PRCC), and combinations of these features (e.g., clear cell 
papillary RCC [CCPRCC]). Other subtypes of renal cell tumors are based on the 
anatomical location of the tumor (e.g., collecting duct and renal medullary carcino-
mas), association with renal disease (e.g., acquired cystic disease-associated RCC 
[ACD-associated RCC]), defining molecular alterations (e.g., microphthalmia tran-
scription factor [MiT] family translocation RCC and succinate dehydrogenase-
deficient RCC [SDH-deficient RCC]), and familial predisposition (e.g., hereditary 
leiomyomatosis and RCC-associated RCC [HLRCC-associated RCC]) [1].

Table 5.1  Classification of renal cell tumors according to the 2016 WHO classification

Current renal cell tumor subtypes New renal cell tumor subtypes

Clear cell RCC Multilocular cystic renal neoplasm of low malignant 
potential

Papillary RCC MiT family translocation RCC
Chromophobe RCC Tubulocystic RCC
Collecting duct car carcinoma Acquired cystic disease-associated RCC
Renal medullary carcinoma Clear cell papillary RCC
Mucinous spindle and tubular cell 
carcinoma

Succinate dehydrogenase-deficient RCC

RCC, unclassified Hereditary leiomyomatosis and RCC-associated RCC
Papillary adenoma
Oncocytoma

MiT microphthalmia transcription factor, RCC renal cell carcinoma, WHO World Health Organization
From Moch et al. [18], with permission
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�Clear Cell Renal Cell Carcinoma

CCRCC arises in epithelial cells lining the proximal tubule [19]. Although it can 
affect people of all ages including children, most of these tumors develop in patients 
older than 40 years of age with a male predominance and a male-to-female ratio of 
approximately 1.5: 1 [20].

The vast majority of cases of CCRCC have characteristic cytogenetic abnormali-
ties that involve loss of genetic material from the short arm of chromosome 3 (3p) 
and mutations in the VHL gene [21–27]. The VHL gene, which is located at 3p25-
26 and serves as a tumor suppressor gene, has been identified through studies of 
patients with VHL disease [23, 27–29]. One copy of VHL is either mutated or 
silenced in 90% of sporadic CCRCCs, whereas another copy is typically lost 
through 3p deletions, according to the comprehensive molecular profiling of 
CCRCCs by The Cancer Genome Atlas (TCGA) [2]. The biallelic loss of VHL 
allows for the inappropriate stabilization of hypoxia-inducible factors (HIFs), which 
results in a proangiogenic gene expression signature that is an important step in the 
carcinogenesis of CCRCC [30, 31].

According to the TCGA, CCRCCs are characterized by recurrent mutations in 
the PI3K/AKT/MTOR pathway (a potential therapeutic target), mutations in 
SETD2 (associated with widespread DNA hypomethylation), and mutations involv-
ing the SWI/SNF chromatin remodeling complex (PBRM1, ARID1A, and 
SMARCA4). Aggressive CCRCCs demonstrate a metabolic shift [2]. Other genes 
may be involved as tumor suppressors and lead to development of CCRCC, particu-
larly 3p14.2 deletions, likely resulting in inactivation of the FHIT gene, as well as 
tumor suppressor genes at 3p12.176. A continuous deletion from 3p14.2-p25, 
including the FHIT and VHL genes, can be identified in up to 96% of cases [32]. 

Fig. 5.1  Well-
circumscribed clear cell 
renal cell carcinoma 
confined to kidney 
parenchyma
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Following the initiating event involving the 3p gene, additional genetic alterations 
occur in clonal tumor cell populations resulting in tumor progression and metastatic 
disease. Consequently, these additional genetic abnormalities, when detectable, are 
often associated with higher histologic grade, higher pathologic stage, and an 
adverse prognosis. The genetic abnormalities associated with these effects are loss 
of 9p, 14q, and loss of heterozygosity on chromosome 10q around the PTEN/MAC 
locus [33].

CCRCC may arise in a familial setting, especially in cases of VHL disease. In 
addition, 35–45% of affected patients with VHL disease develop bilateral multifo-
cal CCRCC. Onset of renal carcinoma in patients with VHL disease is often early; 
clinically evident renal cancer has been reported in adolescence, and the mean age 
at diagnosis is 39 years. Historically, without treatment, up to 40% of patients with 
VHL disease died of advanced renal carcinoma. In VHL disease, patients are born 
with a germline defect in one of the two alleles of the VHL gene, located on chro-
mosome 3p9.25-26, which functions as a tumor suppressor. Loss of the second 
allele results in clinical disease expression [34]. Additional heritable settings in 
which clear cell RCC may develop include families segregating constitutional chro-
mosome 3 translocations as well as families with succinate dehydrogenase B 
(SDHB)-associated heritable paraganglioma [35, 36].

On gross examination, CCRCC ranges in size from subcentimeter lesions to 
large masses weighing several kilograms and an average diameter of 7 cm. These 
tumors are usually unilateral and solitary; bilaterality and multicentricity are 
reported in familial cases. Imaging studies frequently show a bosselated mass 
protruding from the external surface. The cut surface often demonstrates a char-
acteristic golden-yellow appearance due to abundant cholesterol and other phos-
pholipids within the tumor cells. The cut surface is typically heterogeneous with 
areas of gray-white fibrosis and recent or remote hemorrhage. These tumors 
exhibit an expansile pushing growth pattern and are either well demarcated from 
the adjacent uninvolved parenchyma by a variably thick fibrous pseudocapsule or 
widely infiltrate the adjacent renal parenchyma. Cystic change and foci of calcifi-
cation are commonly present, often in association with areas of necrosis. 
Figures 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, and 5.7 illustrate different growth patterns and 
gross features that are helpful in staging renal carcinomas in nephrectomy 
specimens.

The microscopic appearance of CCRCC includes a variety of architectural pat-
terns; tumor cells are arranged in a variable combination of compact nests, alveolar, 
acinar, solid sheet-like and cystic patterns, separated by an arborizing network of 
thin-walled blood vessels (Fig. 5.8). Cystic areas are filled with extravasated eryth-
rocytes or eosinophilic fluid. Occasional, small papillary structures lined by clear 
cells may be present focally, but they almost always represent a minor component 
of the tumor.

In CCRCC, the tumor cells contain distinct cell membranes and optically clear 
cytoplasm owing to loss of cytoplasmic lipids and glycogen during histologic 
processing. Some cases of CCRCC comprise of varying areas demonstrating tumor 
cells with granular eosinophilic cytoplasm; such foci are more often seen in high-
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grade cancer or near areas of hemorrhage or necrosis. The nuclei of CCRCC show 
considerable variation in size, shape, and nucleolar prominence, as discussed in the 
section on grading, and these features are assessed when assigning a nuclear grade 
to an individual tumor.

Sarcomatoid and rhabdoid differentiation are seen in approximately 5% of cases 
and carry prognostic significance (Figs. 5.9, 5.10, and 5.11) [37–39]. Other uncom-
mon histologic variations with unknown prognostic significance have been described 
in RCC, including intra- or extracellular hyaline globules, basophilic cytoplasmic 
inclusions, abundant multinucleated giant cells, sarcoid-like granulomas, myo-
spherulosis, and dense inflammation [40–44].

Fig. 5.2  Polycystic disease 
with characteristic gross 
appearance of bivalved 
kidney and solitary 
circumscribed clear cell renal 
cell carcinoma identified in 
upper right corner

Fig. 5.3  Clear cell renal 
cell carcinoma widely 
infiltrating kidney 
parenchyma with invasion 
into perinephric adipose 
tissue
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Fig. 5.4  High-grade clear 
cell renal cell carcinoma with 
direct invasion and 
effacement of overlying 
adrenal gland

Fig. 5.5  Clear cell renal cell 
carcinoma penetrating 
through capsular surface and 
extending into perinephric 
adipose tissue (pT3)

Fig. 5.6  Widespread 
invasion of renal sinus 
adipose tissue in clear cell 
renal cell carcinoma (pT3)
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Fig. 5.7  Large tumor 
thrombus occluding lumen of 
renal vein (arrow) in a case of 
clear cell renal cell carcinoma

Fig. 5.8  Clear cell renal cell 
carcinoma demonstrating 
characteristic features with 
nests of tumor cells 
containing clear cytoplasm 
and an arborizing network of 
thin-walled blood vessels

Fig. 5.9  Clear cell renal 
cell carcinoma with 
sarcomatoid and rhabdoid 
growth patterns as 
demonstrated by the 
presence of fleshy nodular 
areas in the tumor on gross 
examination
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Immunohistochemically, clear cell carcinoma typically shows positive immu-
nostaining for vimentin, cytokeratin (CK) AE1/AE3, RCC antigen, CD10, PAX2, 
PAX8, and carbonic anhydrase-IX (CA IX). Immunostaining reactions for 
HMWCK, CK7, CK20, mucin 1, cell surface associated (MUC1), parvalbumin, 
AMACR, kidney-specific cadherin, and CD117 are negative in most cases 
[45–57].

Pathologic staging most accurately predicts the prognosis for patients with 
CCRCC [58–60]. Major factors outlining the prognosis in tumors with same stage 
include tumor grade, tumor necrosis, and the presence or absence of sarcomatoid or 
rhabdoid differentiation. Tumors with higher grades are associated with progres-

Fig. 5.10  Sarcomatoid RCC 
with a malignant spindled-
tumor cell morphology

Fig. 5.11  Rhabdoid 
differentiation in renal cell 
carcinoma with tumor cells 
containing eccentric nuclei 
and abundant eosinophilic 
cytoplasm
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sively worsening prognosis [58]. Tumor necrosis accounting for more than 10% of 
the total tumor volume is more likely to have an adverse outcome. Sarcomatoid and 
rhabdoid differentiation are seen in less than 10% of cases of CCRCC and associ-
ated with a worse prognosis [59, 60]. Cases with sarcomatoid differentiation have a 
5-year survival rate of 15–22%, and in cases with rhabdoid differentiation, the 
median survival ranges from 8 to 31 months [59, 60].

�Multilocular Cystic Renal Neoplasm of Low Malignant 
Potential

This tumor was previously referred to as multilocular cystic RCC and encompasses 
renal neoplasms with a fibrous pseudocapsule that are composed entirely of cysts 
and septa with no expansile solid nodules; the septa should contain aggregates of 
low-grade tumor cells with clear cytoplasm [61–66]. Combined experience with 
more than 200 patients with follow-up times longer than 5 years indicates no recur-
rence or cancer-related mortality in these patients; however, the natural history of 
this tumor is unknown because all these reported cases were treated with definitive 
surgery. Consequently, multilocular cystic renal neoplasm of low malignant poten-
tial (MCRNLMP) is now the WHO-recommended term for this lesion.

It constitutes approximately up to 5% of all RCCs and has a male predominance 
with a male-to-female ratio of 2–3: 1. The age ranges from 20 to 76 years; most 
patients are above 50 years of age, and women tend to present at a younger age than 
do men [61–66].

Most patients in this cohort are asymptomatic and these neoplasms are incidental 
lesions with few cases presenting with a palpable mass, gross hematuria, abdominal 
or back pain. Most patients have no biochemical abnormalities. Imaging studies 
usually outline a complex cystic mass that may have focal calcification.

Grossly, MCRNLMP ranges from subcentimeter lesions to large tumors measur-
ing over 10 cm in greatest dimension. The tumor is usually a unilateral and solitary 
well-circumscribed mass composed entirely of variably sized cysts separated from 
each other by thin fibrous septae and from adjacent renal parenchyma by a fibrous 
wall (Fig. 5.12); however, it can be multifocal as well as bilateral [61–66]. The cysts 
contain clear or hemorrhagic fluid. Necrosis is not seen and there are no grossly 
identifiable nodules expanding the septa, a feature that differentiates this tumor 
from extensively cystic conventional CCRCC.

Microscopically, the cysts are lined by a single layer of clear tumor cells with occa-
sional multilayered epithelium and rare papillary structures; some cysts lack any lin-
ing epithelium (Fig. 5.13a, b). The tumor cells have variable amounts of cytoplasm 
that may be clear or lightly eosinophilic. Many of these tumors show calcifications 
within the septa, and metaplastic bone formation is occasionally encountered. Within 
the septa in all cases are clusters of low-grade tumor cells with clear cytoplasm 
(Fig. 5.13b). These cells are often difficult to distinguish from histiocytes or from 
lymphocytes with surrounding retraction artifact. Increased vascularity is sometimes 
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Fig. 5.12  Multilocular cystic 
renal cell neoplasm of low 
malignant potential, a 
well-circumscribed tumor 
composed entirely of 
variably sized cysts

Fig. 5.13  Multilocular 
cystic renal neoplasm of 
low malignant potential. 
Note the low-power 
appearance of variably 
sized cysts filled with 
eosinophilic fluid (a) and 
clusters of low-grade 
tumor cells with clear 
cytoplasm within the 
septae (b)
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associated with septal tumor cell clusters, and this feature may be helpful in recogni-
tion of this entity. There should be no nodular expansion of clear tumor cells in the 
septa, a feature that serves to mainly distinguish it from extenisvely cystic CCRCC. In 
challenging cases, the epithelial nature of the tumor cells can be confirmed by their 
immunoreactivity to antibodies against cytokeratin and EMA; results of immunos-
tains for histiocytic markers are negative. Tumor cells are also strongly immunoreac-
tive for PAX8 and CA-IX aiding in this diagnosis [61–66].

VHL gene mutations have been reported in about 25% in MCRNLMP, and there is 
no difference in the status of chromosome 3p deletion between low-grade CCRCC 
and this neoplasm, supporting the hypothesis that it is a subtype of CCRCC [64–66].

�Papillary Renal Cell Carcinoma

PRCC, the second most common type of RCC, bears characteristic cytogenetic, 
gross, and histologic features that distinguish it from other types of RCC [67].

Most of these tumors are sporadic, but some occur in a familial setting with 
hereditary papillary renal carcinoma (HPRCC), an inherited renal cancer character-
ized by mutations in the MET oncogene at 7q31 and by a predisposition to develop 
multiple bilateral papillary renal tumors. MET mutations have been detected in 
approximately 13% of patients with PRCC who have no family history of renal 
tumors [68–71].

The mean age of patients with PRCC ranges from 52 to 66 years and the male-
to-female ratio of 2.4: 1 [67, 72]. The common presenting signs and symptoms of 
RCC are noted. PRCC is more likely to be multifocal and necrotic than other com-
mon RCC subtypes and exhibits an association with end-stage renal disease. Each 
papillary tumor arises independently in cases of multiple PRCCs without a family 
history of renal tumors [73].

Grossly, PRCC is typically well circumscribed, the vast majority of cases are 
confined to the renal parenchyma [67, 72–74]. Multifocality is identified particularly 
in cases of HPRC [68–71]. A thick fibrous pseudocapsule is present in up to two-
thirds of mirroring the extent of hemorrhage and necrosis present in the tumor. The 
cut surface ranges from light gray tan to golden yellow to red brown, depending 
upon the hemorrhage and hemosiderin accumulation in accompanying macrophages 
as well as stroma (Fig. 5.14) [ 67, 72–74].

Microscopically, PRCC is composed of varying proportions of papillary and 
tubular structures and also contains variable cystic change with papillary excres-
cences or with tumor infiltrating the cyst wall [67, 72–74]. “Papillary” morphology 
is also encountered in a host of other kidney tumors and is thus not specific or 
entirely representative of this neoplasm. Papillae are lined by a single layer of tumor 
cells with variable pseudostratification [74]. The papillary stalks contain fibrovascu-
lar cores and a variable degree of macrophages that is not linked to the extent of 
accompanying hemorrhage and/or necrosis. The tumor papillae may be slender and 
easily recognizable or compact and tightly packed resulting in a solid appearance; 
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and in some tumors, the papillae are arranged in long parallel arrays, imparting a 
trabecular appearance [72].

A few cases of papillary carcinoma exhibit solid areas composed of spindle cells 
with low-grade nuclear features, admixed with variable amounts of tumor with 
tubular or papillary architecture [75, 76]. In one series of such cases, all were con-
firmed as PRCC by molecular studies [75]. The spindle cell components of such 
tumors do not meet the criteria for sarcomatoid differentiation and are therefore not 
associated with a worse prognosis.

PRCC can be categorized into two morphologic classes, which have been desig-
nated types 1 and 2, based on morphologic criteria, immunohistochemical staining, 
clinicopathologic staging parameters, and survival outcome analysis [74, 77–79]. 
Tumors in both categories share several features including tumor-associated inflam-
matory infiltrate, extensive necrosis, psammoma bodies, cholesterol clefts, hemor-
rhagic background, and foci of dystrophic calcification yet exhibit significant 
differences in molecular profiles and overall outcomes [74, 78].

Type 1 PRCC is composed of papillae covered by a single layer of low-grade 
tumor cells containing small round to ovoid nuclei with inconspicuous nucleoli and 
minimal pale to clear cytoplasm (Fig. 5.15). Tubular profiles in these neoplasms 
have similar lining cells. The short, complex papillae sometimes impart a glomeru-
loid appearance. The papillae of type 1 tumors are usually thin, delicate, and often 
short and are frequently edematous [74, 78]. Aggregates of foamy macrophages are 
commonly seen within the papillary cores or in between aggregates of tumor cells. 
This morphological pattern is seen in both sporadic and in HPRC cases [71].

Type 2 PRCC demonstrates significantly higher nucleolar grade and overall 
larger tumor size [74, 78]. In these cases, tumor cells exhibit prominent nucleoli and 
varying degrees of nuclear pseudostratification with abundant eosinophilic cyto-

Fig. 5.14  Well-circumscribed papillary renal cell carcinoma with hemorrhage and 
hemosiderin deposition grossly imparting a brown appearance to the cut surface
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plasm (Fig. 5.16). The fibrovascular cores of most cases of type 2 PRCC tend to be 
dense and fibrous instead of thin and delicate, and edema and glomeruloid bodies 
are less prevalent than in type 1 tumors. Macrophages are more likely identified 
near necrotic tumor foci. ISUP nucleolar grading system is validated for reporting 
of PRCCs. Sarcomatoid and rhabdoid changes are categorized as grade 4 tumors, 
usually associated with an adverse prognosis.

Type 1 PRCC reveals loss of Y chromosome and gains in chromosomes 7, 17, 16, 
and 20 [79]. Activation of the MET pathway is a recognized finding in up to 80% of 
type 1 PRCC tumors [80, 81]. Type 2 PRCC tumors demonstrate a heterogeneous 
pattern of chromosomal gains and losses, involving chromosomes 1, 3, 4, 5, 6, 8q, 
9, 14, and 15 [80–84]. Type 2 PRCCs are more frequently associated with aggres-
sive clinicopathologic parameters than type 1 PRCCs, including higher TNM stage, 

Fig. 5.15  Papillary renal 
carcinoma type 1 with 
characteristic morphologic 
features including delicate 
fibrovascular cores lined by 
single layer of tumor cells

Fig. 5.16  Papillary renal cell carcinoma type 2 with broad papillae containing tumor cells exhibiting 
prominent nucleoli and nuclear pseudostratification with abundant eosinophilic cytoplasm
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larger tumor size, and an overall worse prognosis [77, 78, 85]. Although some stud-
ies have documented a worse prognosis in type 2 PRCCs based on univariate analy-
sis, other studies have not reported the same findings on multivariate analysis upon 
factoring of tumor grade and stage [77, 78, 82, 85–87].

PRCCs exhibit positivity for cytokeratin AE1/AE3, CK7, CAM5.2, EMA, high-
molecular-weight cytokeratin, racemase (AMACR), CA-IX, RCC antigen, CD10, 
and vimentin. Type 2 PRCC demonstrates more variable immunoreactivity for the 
above markers, including reduced expression of CK7.

Subtyping PRCCs is difficult in a notable subset of cases, further complicating 
the classification schemata as some examples exhibit nuclear features typical of 
type 1 PRCC, but cytoplasmic features characteristic of type 2 PRCC, whereas 
other cases comprised tumor cells with high nuclear grade with variable cytoplasmic 
features [77–87]. Across the board, the proportion of both type 1 and type 2 PRCC 
tumors varies between 30% and 70% [77–87]. A significant proportion of PRCC 
cases do not meet the documented histologic parameters for typing in either cate-
gory, and such tumors have been designated as mixed, unclassified, overlapping, or 
not otherwise specified tumors [77–87]. Additionally, an oncocytic low-grade vari-
ant of PRCC has been identified, composed predominantly of tumor cells with 
oncocytic cytoplasm and round, nonoverlapping low-grade nuclei with inconspicu-
ous nucleoli and a linear arrangement toward cell apices (Fig. 5.17). These tumors 
exhibit molecular features akin to type 1 PRCC, with gains in chromosomes 7 and 
17. These tumors carry a good prognosis owing to their indolent behavior [88–92].

The Cancer Genome Atlas (TCGA) Research Network showed that types 1 and 
2 PRCCs are actually different types of renal cancer based on comprehensive 
molecular analysis of a cohort of 161 tumors. PRCC1 is associated with MET alter-
ations. Multiple molecular subgroups were identified within the type 2 PRCC cohort 
that was otherwise characterized by CDKN2A silencing, SETD2 mutations, tran-
scription factor E3 (TFE3) fusions, and increased expression of the NrF2-antioxidant 
response element pathway. A CpG island methylator phenotype was observed in a 
distinct subgroup of type 2 PRCC that was characterized by poor survival and muta-

Fig. 5.17  Oncocytic low-grade variant of papillary RCC composed of tumor cells with oncocytic 
cytoplasm, papillary architecture, and round, nonoverlapping low-grade nuclei
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tion of the gene-encoding fumarate hydratase (FH) [81]. It is now established that 
type 2 PRCCs represent a heterogeneous group of tumors that requires better char-
acterization based on molecular characterization and morphologic correlates.

The cancer-specific survival rates at 5 years after surgery for a large series of 
patients with CCRCC, PRCC, and chromophobe RCC were 72%, 91%, and 88%, 
respectively [93]. PRCC has a more favorable outcome than other aggressive sub-
types like collecting duct carcinoma and HLRCC-RCC [94, 95]. Type 1 PRCC 
cases are associated with a significantly better survival rate than type 2 PRCCs, 
though this difference is linked to the grade and stage at presentation rather than 
tumor subtyping [86].

�Chromophobe Renal Cell Carcinoma

ChRCC was first reported in 1985 and derived its name from the morphologically 
similar tumor cells identified in the experimentally produced rat kidney tumor [96]. 
The eosinophilic variant of ChRCC was described in 1988 [97]. ChRCC has its 
postulated origin in the intercalated cells of the collecting duct system [98]. Most of 
these tumors are sporadic, but also occur in a familial setting in patients with Birt–
Hogg–Dubé syndrome [99]. A germline mutation of PTEN in Cowden syndrome 
also predisposes to development of ChRCC [100].

Patients range in age from 23 to 86 years, and a slight male preponderance is 
seen with a greater incidence in Middle Eastern nations [101–106]. The presenting 
signs and symptoms are not different from other renal tumors and a palpable mass 
is rarely noted. Radiologically, no features reliably distinguish chromophobe RCC 
from other kidney tumors, including oncocytoma.

Tumors are well circumscribed and vary widely in size, from 1.5 to 25 cm in 
diameter, mean diameter ranges from 6.9 to 8.5 cm [101–106]. The cut surface is 
usually solid, homogeneous, and tan brown (Fig. 5.18). Hemorrhage and necrosis, 
when present, are limited and seen in a minority of cases. Central scar formation is 
infrequently present.

Microscopically, the tumor cells are typically arranged in solid sheets with focal 
tubulocystic pattern in some cases. There are fibrous septa of variable thickness 
with relatively larger caliber blood vessels in contrast to the delicate vasculature 
seen in clear cell carcinoma. Variable populations of two types of tumor cells are 
seen – the typical ChRCC tumor cell is a large polygonal cell with abundant, almost 
transparent, and slightly flocculent cytoplasm and prominent plant-like cell mem-
branes that is commonly seen abutting vascular channels (Fig. 5.19a). Usually these 
are admixed with a second population of smaller cells with less abundant cytoplasm 
that is granular and eosinophilic (Fig. 5.19b) [101–106].

A variant of ChRCC that is virtually entirely composed of intensely eosino-
philic cells with prominent cell membranes has been designated the eosinophilic 
variant of this neoplasm (Fig. 5.20a) [101–106]. The nuclei of both cell types are 
typically hyperchromatic with irregular wrinkled nuclear contours; binucleation 
is commonly present. Perinuclear halos are more commonly identified in the 
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Fig. 5.18  Chromophobe 
renal cell carcinoma. Note 
the well-circumscribed tumor 
with a characteristic tan 
brown appearance

a

b

Fig. 5.19  Chromophobe renal cell carcinoma with (a) tumor cells containing abundant flocculent 
cytoplasm and well-defined plant-like cell membranes and (b) tumor cells with more granular 
eosinophilic calcification, perinuclear haloes, and raisinoid nuclei. Microcalcifications are 
frequently seen in these tumors

M. K. Divatia et al.
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eosinophilic cells, a diagnostically helpful finding, but often it is not possible to 
distinguish eosinophilic ChRCC from oncocytoma particularly in biopsy speci-
mens. Immunostaining for CK7 showing strong and diffuse positivity in tumor 
cells is noted in eosinophilic variant of ChRCC (Fig.  5.20b) [101–107]. 
Sarcomatoid transformation, a feature common to other types of RCC, may be 
identified in less than 10% of cases [37, 38, 108, 109]. Rare cases with osteosar-
coma-like differentiation, rhabdoid morphology, or extensive calcification and 
ossification have been reported [110, 111].

Some kidney tumors demonstrate mixed morphologic patterns, with features 
overlapping between oncocytoma and ChRCC in the same tumor, and are desig-
nated hybrid oncocytic chromophobe tumors [112–115]. Such tumors may arise in 
different settings: as tumors present in cases of renal oncocytosis, as tumors arising 

Fig. 5.20  (a) Eosinophilic variant of chromophobe renal cell carcinoma with sheets of tumor cells 
resembling an oncocytoma. (b) Strong and diffuse cytokeratin 7 expression on immunostaining 
serves to distinguish this tumor from oncocytoma
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in patients with Birt–Hogg–Dubé syndrome, and as sporadic tumors [112–115]. 
These tumors either show a gradual transition from one pattern to another or appear 
as distinctly separate areas adjacent to one another, or the two patterns are inti-
mately admixed with one another. In spite of overlapping morphologies, tumors 
from all three groups have different molecular genetic makeup, and their molecular 
features are different from those of oncocytoma and ChRCC. The tumors in all three 
groups exhibit indolent behavior in the reported literature and are currently subcat-
egorized under ChRCC [112–115].

The genetic abnormality most frequently identified in ChRCC has been loss of 
one copy of the entire chromosome for most or all of the chromosomes 1, 2, 6, 10, 
13, 17, and 21 (in >80% of cases), as well as losses of various other chromosomes 
[98, 116, 117]. In regard to the eosinophilic variant of ChRCC, approximately 50% 
of cases have different chromosomal abnormalities than the classic type [98]. 
Sarcomatoid ChRCC analysis often shows multiple gains (polysomy) of chromo-
somes 1, 2, 6, 10, and 17, and distant metastases in ChRCC cases show the same 
genetic alterations as reported in the primary tumors [118].

ChRCC demonstrates positive immunohistochemical staining for PAX8, CD117 
(c-kit), pancytokeratin, and EMA and negative immunostaining for vimentin, CK20, 
and racemase. The most helpful immunostain in distinguishing between oncocy-
toma and ChRCC is CK7 that is very frequently diffusely positive in ChRCC, in 
contrast with oncocytomas, which usually show focal scattered positivity in tumor 
cells [101–106].

Renal oncocytomas do not demonstrate combined losses of heterozygosity at 
chromosomes 1, 2, 6, 10, 13, 17, and 21 that are characteristically associated with 
ChRCC. Fluorescence in situ hybridization (FISH) studies detect the aforemen-
tioned cytogenetic findings and therefore are helpful distinguishing between the two 
entities [119].

A recent study demonstrated that approximately 70% of ChRCCs carry either a 
hemizygous deletion of RB1 or ERBB4, and oncocytomas do not show deletions of 
these genes. FISH testing may therefore be useful to detect deletion of these genes 
and furnish an assay with high sensitivity and specify to distinguish between 
ChRCC and oncocytoma [120].

The prognosis for ChRCC has been shown in several sizable case series to be 
significantly better than for CCRCC. There is no significant difference in outcome 
between the classical and the eosinophilic variants of this neoplasm [101–106]. 
Stage at presentation with ChRCC is significantly lower than with 
CCRCC. Metastatic ChRCC is seen in less than 5% of cases at presentation com-
pared with one-fourth of cases of CCRCC. Sarcomatoid differentiation and histo-
logic tumor necrosis confer a worse prognosis. The cancer-specific 5-year survival 
rate for ChRCC postnephrectomy is about 90% [28]. Median cancer-specific sur-
vival for patients with metastatic ChRCC is 0.6 years, which is not unlike cases of 
metastatic RCC of other subtypes. Metastatic ChRCCs demonstrate the presence 
of TP53 and PTEN mutations apart from imbalanced chromosome duplications 
(duplication of three or more chromosomes) [121].
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�Collecting Duct Carcinoma

Collecting duct carcinoma (CDC) is an uncommon albeit well-recognized aggres-
sive subtype of RCC that has its purported origin from the principal cells in the 
collecting ducts of Bellini. It comprises less than 1% of renal malignancies with 
over 250 reported cases in the literature, the first case being reported in 1986 [122].

This RCC affects all ages, with a mean age of 55 years, and occurs more com-
monly in male patients, with a male-to-female ratio of 2: 1 [123–132]. Although up 
to a quarter of cases are discovered incidentally, most patients present with abdomi-
nal or constitutional symptoms or even with metastatic disease [123–132]. 
Radiological examination reveals a predominantly solid kidney mass. Urine cytol-
ogy can also rarely be positive for malignancy in these cases [128].

CDC arises at any location in the renal parenchyma, and identification of a par-
ticular site of origin is difficult, especially as the tumor increases in size. Tumor size 
is variable with cases ranging up to 16 cm in greatest dimension. The cut surface of 
CDC is usually gray white and firm, and foci of overt necrosis are often present. 
Tumors are frequently infiltrative and multifocal involvement of the kidney may be 
exhibited as satellite tumor nodules (Fig. 5.21). Involvement of the adrenal gland, 
perinephric fat, renal sinus fat, renal pelvis, Gerota’s fascia, renal vein, and regional 
lymph nodes is grossly identified in the majority of cases on radiological and/or 
pathologic examination [123–132].

Microscopically, CDC shows ill-defined borders with prominent infiltration of 
adjacent parenchyma and an interstitial growth pattern with relatively preserved 
glomeruli is commonly noted. Marked stromal desmoplasia is almost always pres-
ent [94]. It is frequently accompanied by an acute and chronic inflammatory cell 
infiltrate at the interface between tumor and normal parenchyma. A number of dif-
ferent growth patterns may be seen within the same tumor including solid sheets/
cords/nests, tubulopapillary structures, or infiltrating small- to medium-sized malig-

Fig. 5.21  Collecting duct carcinoma demonstrating an infiltrative growth pattern comprising 
multiple tumor nodules with irregular borders invading the renal medulla
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nant glands/tubules (Fig.  5.22a, b) along with surrounding desmoplastic stroma 
(Fig.  5.23). An extensive component of tubulocystic growth pattern that typifies 
tubulocystic carcinoma excludes tumors from being considered as CDC [94]. Some 
cases demonstrate a microcystic pattern with intracystic high-grade malignant pap-
illary proliferations. Another pattern is characterized by intratubular extension with 
microscopic subcapsular deposits distant from the main tumor. The epithelium lin-
ing uninvolved ducts adjacent to or far from the main tumor may exhibit severe 
cytologic atypia amounting to carcinoma in situ-like growth. Tumor cells are uni-

Fig. 5.22  Collecting duct 
carcinoma composed of 
high-grade carcinoma 
demonstrating areas of 
distinctly tubular (a) and 
tubulopapillary (b) growth 
patterns with a prominent 
admixed inflammatory 
infiltrate
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formly high cytologic grade, with nuclear pleomorphism and prominent nucleoli 
and varying amounts of eosinophilic cytoplasm. Cells lining malignant tubular pro-
files may often exhibit hobnailing, a finding that is not usually encountered in other 
RCC subtypes. Sarcomatoid differentiation is identified in up to one-third of the 
cases. Lymphovascular invasion is frequently seen, and renal vein invasion is pres-
ent in a significant number of cases (20–44%) [94, 123–132].

Intra- or extracellular mucin production in these tumors can often be demon-
strated using mucicarmine, Alcian blue, or PAS stains [132, 133]. Exclusion of 
metastatic adenocarcinoma and high-grade urothelial carcinoma by obtaining clini-
cal history of extrarenal primary tumor and extensive sampling of the pelvicalyceal 
system is crucial prior to making a diagnosis of CDC, as these are the major entities 
in the differential diagnosis. To that effect, an immunohistochemical panel includ-
ing PAX8, GATA3, and p63 is helpful as urothelial carcinomas are more likely to be 
positive for GATA3 and p63, whereas CDC does not stain with these markers [134, 
135]. Of note, PAX8 may be positive in both urothelial carcinomas involving the 
renal pelvis and CDCs, a finding that should be considered prior to establishing any 
further diagnosis [136].

The reported molecular features in CDC are notably variable and limited, and no 
distinctive molecular mechanism or pathway has been proposed for collecting duct 
carcinoma [130]. A recent study highlights that a significant number of cases (up to 
25%) previously reported as CDC are in fact examples of fumarate hydratase (FH)-
deficient RCC [94]. These tumors are described in further detail in the Hereditary 
Leiomyomatosis and Renal Cell Carcinoma-Associated RCC section. Therefore, 

Fig. 5.23  Malignant glandular differentiation in collecting duct carcinoma-exhibiting presence of 
tumor cells with high-grade nuclei, prominent nucleoli, and an accompanying desmoplastic 
stromal reaction
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immunohistochemical stains for FH and 2SC should be performed in high-grade 
carcinomas with a diagnostic consideration of CDC, along with germline muta-
tional testing for FH mutations, if deemed clinically necessary. Another entity in the 
differential diagnosis is renal medullary carcinoma that is discussed in the section 
below. CDC is thus diagnosed upon excluding the aforementioned entities in the 
differential diagnosis.

CDC cases often present at an advanced disease stage and the overall prognosis 
is poor. Almost 50% of patients have regional nodal and/or distant metastases at the 
time of initial diagnosis [94, 123–132]. Approximately two-thirds of patients with 
CDC die of disease-related causes within 2 years and mortality rates are extremely 
high. Chemotherapy and immunotherapy are of very little benefit in managing col-
lecting duct carcinoma [94, 123–132].

�Renal Medullary Carcinoma

Renal medullary carcinoma (RMC) is a relatively rare and highly aggressive renal 
malignancy, first reported in 1995. The terminal collecting duct epithelium is the 
proposed site of origin [137–140]. There is a very strong association of this tumor 
occurring in conjunction with sickle cell hemoglobinopathies, and according to 
various hypotheses it is the terminal collecting duct epithelium that undergoes 
chronic ischemic damage due to accumulating drepanocytes (sickled erythrocytes) 
resulting in tumorigenesis. Most affected patients have been African Americans 
with sickle cell trait (HbAS) or hemoglobin SC disease (HbSC), but this tumor has 
also been reported in a patient with sickle cell disease (HbSS) as well as in white 
patients without evidence of sickle cell hemoglobinopathies [96, 137–141].

Most patients are diagnosed in the second or third decades of life, ranging from 
5 to 58 years, with a mean age at diagnosis of 20 years. The male-to-female ratio is 
at least 2: 1, and approximately 75% of tumors occur in the right kidney and 25% 
occur on the left. The vast majority of cases occur in those with African ancestry, but 
Central and South American and Mediterranean individuals are also at risk for 
RMC.  Almost 90% of reported cases occurred in patients with sickle cell trait. 
Common presenting symptoms include abdominal or flank pain, gross hematuria, 
weight loss with constitutional symptoms of relatively short duration, and a minor-
ity of patients (10%) have a palpable abdominal mass [137–143].

Grossly, these tumors usually involve the renal medulla and are poorly circum-
scribed, lobulated, firm, gray-tan, with variable hemorrhage and necrosis. They 
range widely in size (1.8–13 cm in greatest dimension, with a mean of 7 cm) and 
frequently present at an advanced stage with satellite nodules, perinephric exten-
sion, and sinus fat invasion (Fig. 5.24) [137–144]. A host of morphologic patterns is 
noted on microscopic examination including the characteristic finding of a reticular 
or microcystic growth pattern resembling yolk sac tumor of the testis (Fig. 5.25). 
Areas similar to adenoid cystic carcinoma of salivary glands with a cribriform or 
sieve-like growth are often noted (Fig. 5.26). Drepanocytes (sickled erythrocytes) 
are also seen within and surrounding the tumors. Other common patterns include 
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tubule formation and growth in diffuse sheets or solid nodules. Tumor cells are com-
monly pleomorphic with enlarged nuclei, prominent nucleoli, and variable amounts 
of eosinophilic cytoplasm. Squamoid or rhabdoid appearance of tumor cells in solid 
sheet-like areas is often noted. Numerous aggregates of neutrophils may be seen 
within the tumor (Fig. 5.27), and there is often a dense inflammatory response at the 
interface between tumor and the adjacent renal parenchyma. A prominent desmo-
plastic stromal reaction is another constant feature seen in most cases (Fig. 5.25). 
Mucin production is variably seen in most of these tumors (Fig. 5.26).

Renal origin of this tumor is confirmed by positive immunostaining for PAX8 in all 
cases. Loss of expression of SMARCB1 (INI1), a nuclear transcription regulator 

Fig. 5.24  Renal medullary 
carcinoma with sinus fat 
invasion and perinephric 
extension in an African 
American patient with sickle 
cell trait

Fig. 5.25  Renal medullary 
carcinoma with a 
microcystic growth pattern 
and marked stromal 
desmoplasia
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encoded on chromosome 22, is now a mandatory criterion to make a diagnosis of RMC 
[94]. It occurs as a result of a loss of heterozygosity or hemizygous deletions at the 
SMARCB1 locus, rarely due to loss of chromosome 22 or balanced translocation involv-
ing chromosome 22 [145, 146]. Another unique finding is that up to two-thirds of RMCs 
show positive immunostaining for OCT3/4 (POU5F1) [94, 147]. Variable degrees of 
positive immunostaining are reported for cytokeratins AE1/AE3 and CAM5.2, CK7, 
CK20, polyclonal carcinoembryonic antigen (CEA), and EMA [94, 130, 145–148].

This tumor carries a very dismal prognosis with almost all patients presenting 
with metastatic disease at the time of diagnosis. Common sites of metastasis are 
lymph nodes, lung, liver, and adrenal glands. Long-term disease-free survival rates 
are very low; average survival is between 2 and 68 weeks, with a mean survival 
duration of 19 weeks [130, 143, 144]. Neoadjuvant therapy prolongs survival by a 
limited duration, but tumor recurrence and death inevitably occur even after a period 
of remission [149, 150].

There are notable overlapping clinical and pathologic features between collect-
ing duct carcinoma and RMC, raising a consideration that RMC is a subtype of 
collecting duct carcinoma [130, 151]. Loss of SMARCB1 (INI1) immunostaining 
and presence of hemoglobinopathy by history and laboratory test confirmation, with 
accompanying drepanocytes in tumor stroma and/or blood vessels, are required to 
establish a diagnosis of RMC [94]. On the other hand, rare tumors demonstrating 
RMC-like histology, INI1-deficient immunophenotype, but arising in patients in 
whom sickle cell trait or disease has been definitively excluded are designated as 
RCC, unclassified, with medullary phenotype in the present scenario [94].

�Mucinous Tubular and Spindle Cell Carcinoma

This entity was initially described in 1997 by MacLennan et al. and designated as 
“low-grade collecting duct carcinoma.” Other subsequently reported them as “low-
grade myxoid renal epithelial neoplasms” and “low-grade tubular mucinous renal 
neoplasms” in 2001–2002 [152–154]. Most of these tumors are identified inciden-
tally. The tumor is far more commonly seen in females with a ratio of 3:1. The age 
range is wide (13–82 years, mean age of 58 years).

Tumors range in diameter from 2.2 to 12 cm (average 6.5 cm). They are well 
circumscribed, gray white, tan, or yellow, with focal hemorrhage or necrosis 
(Fig. 5.28). Histologic examination of classic tumors shows tightly packed, small 
elongated tubules separated by abundant basophilic extracellular mucin, sometimes 
with a “bubbly” myxoid consistency (Fig. 5.29a) [152–154]. Areas of spindled cells 
are also seen more prominently in some of these tumors (Fig. 5.29b) [155]. The 
mucin stains strongly with Alcian blue at pH 2.5. Tubules are lined by uniform low 
cuboidal cells with scant cytoplasm and round nuclei of low nuclear grade with 
absent or inconspicuous nucleoli. Mitotic activity is not significantly elevated.

There are several morphologic variations associated with this tumor including 
relative lack of mucinous matrix, small well-formed papillae, presence of foamy 
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Fig. 5.26  Microcystic 
cribriform or sieve-like 
growth pattern with wispy 
blue mucin secretion in renal 
medullary carcinoma. 
Scattered sickled 
erythrocytes are present in 
the background

Fig. 5.27  Renal medullary 
carcinoma with tubular 
differentiation, tumor cells 
with high-grade nuclei 
containing prominent 
nucleoli, and a dense 
neutrophilic inflammatory 
infiltrate

macrophages, focal clear cell change in tubular component, focal necrosis, oncocytic 
change, small vacuolations, psammomatous calcification, or heterotopic bone for-
mation [156]. High nuclear grade, areas of coagulative tumor necrosis, sarcomatoid 
differentiation, and aggressive behavior have been documented in a small cohort of 
these tumors [157–160]. Tumor cells have a variable immunophenotype, but are usu-
ally immunoreactive for CK7, AMACR, and PAX8 (Fig. 5.30) [161–163].
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The characteristic gains of chromosomes 7 and 17 and loss of Y chromosome that 
are seen in papillary RCC are not seen in mucinous tubular and spindle cell carcinoma 
[164]. Alterations in the Hippo pathway are present in mucinous tubular and spindle 
cell carcinoma, but are not seen in PRCC [165]. Cytogenetic analyses and compara-
tive genomic hybridization studies demonstrated multiple genetic alterations that 
include loss of chromosomes 1, 4, 6, 8, 9, 13, 14, 15, 18, and 22 [166, 167].

Most of these tumors with classic histologic findings are indolent, and surgical 
excision is curative as they are low stage at the time of resection. However, high 
nuclear grade and sarcomatoid change in a few cases have been associated with 
adverse outcomes [168, 169].

�Renal Cell Carcinoma, Unclassified

RCC, unclassified, is a diagnostic category for the designation of RCCs that have 
histologic features that cannot be categorized under any of the well-characterized 
RCC subtypes. These tumors represent up to 5–6% of RCC cases [1]. Morphologic 
patterns falling under this category include tumors that show a composite mixture 
of recognized types, novel or unrecognized cell types, tumors with mucin produc-
tion, and renal carcinomas with entirely sarcomatoid morphology, lacking recogniz-
able epithelial elements [170]. Low- or high-grade unclassifiable oncocytic 
neoplasms were also included in this category [1]. However, most genitourinary 
pathologists including this author team do not classify an RCC with a composite 
mixture of recognized subypes as an unclassified RCC. We designate such tumors 
as a composite RCC and list the subtypes identified therein.

Fig. 5.28  Mucinous 
tubular and spindle cell 
carcinoma of kidney. Note 
the tan yellow tumor with 
well-circumscribed borders 
and a glistening cut surface 
with bulging contours
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Fig. 5.29  Mucinous 
tubular and spindle cell 
carcinoma composed of 
closely packed elongated 
tubules in a background of 
“bubbly mucin” (a) with 
some cases demonstrating 
prominent spindling of 
tumor cells (b)

Fig. 5.30  Diffuse and strong 
cytokeratin 7 
immunohistochemical 
staining of tumor cells in 
mucinous tubular and 
spindle cell carcinoma, a 
feature in common with 
papillary renal cell 
carcinoma
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Patients of any age can be affected (range: 21–91  years) [21–23, 171–174]. 
These tumors usually present at an advanced stage, are large, and demonstrate his-
tologic features that correlate with an adverse prognosis including high nuclear 
grade, tumor necrosis, and lymphovascular invasion [21–23, 170, 174]. Data from 
limited analysis of these tumors show that they exhibit marked genetic instability 
[21]. In a molecular study of 62 unclassified RCC, approximately 75% of cases 
were categorized into several subsets of abnormalities of variable prognostic signifi-
cance that might be useful for either diagnostic or therapeutic implications [23].

Unclassified RCC is a histologically and clinically heterogeneous group of 
tumors, wherein prognosis depends upon similar clinical and pathologic findings 
determining outcome in conventional RCCs [21, 170, 173, 174].

�Grading and Staging Renal Cell Carcinoma

Cytologic grading is one of the most essential parameters that aid in predicting the bio-
logic behavior of RCC [24–29]. The Fuhrman system was widely used up until recently 
for grading RCCs and presently the four-tiered WHO/International Society of Urologic 
Pathology (ISUP) grading system has been recommended for use in grading clear cell 
and papillary RCCs in view of the fact that there is sufficient evidence-based data that 
can be used for predicting prognosis [175, 176]. Grades 1–3 are based on prominence 
of nucleoli and grade 4 includes pronounced nuclear pleomorphism, tumor giant cells, 
and rhabdoid or sarcomatoid changes (Table 5.2) [175]. Grading is performed after 
assessing the aforementioned criteria within a single high-power field showing the 
highest nucleolar grade or greatest degree of nuclear pleomorphism. The WHO/ISUP 
grading system is not currently applicable for predicting prognosis for other types of 
RCC due to a lack of outcome data for these different subtypes [175, 176].

Incorporation of tumor necrosis, defined as homogeneous aggregates and sheets 
of nonviable tumor cells, or coalescing groups of cells containing nuclear and cyto-
plasmic debris is another feature that has been studied as a possible factor that can 
be included in the grading criteria. Some published studies have indicated that 
including tumor necrosis in CCRCC cases furnishes additional prognostic informa-
tion in comparison to sole inclusion of WHO/ISUP nucleolar grade [177].

Tumor stage indicates the extent of involvement by disease and represents the 
most important factor in predicting the clinical behavior and prognosis of RCC [32]. 

Table 5.2  International society of urologic pathology grading for clear cell and papillary renal 
cell carcinoma

1. Nucleoli are inconspicuous or absent at 400× magnification.
2. Nucleoli are distinctly visible at 400× magnification, but inconspicuous or invisible at 
100 × magnification.
3. Nucleoli are distinctly visible at 100× magnification.
4. Tumor exhibits the presence of tumor giant cells and/or extreme nuclear pleomorphism and/
or sarcomatoid differentiation and/or rhabdoid differentiation.

Adapted from Delahunt et al. [59]
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Currently, the tumor, nodes, and metastasis (TNM) staging system is used all across 
the world for RCC staging [178]. The eighth edition of the AJCC Cancer Staging 
Manual was published in 2017 and criteria listed in this latest update to the staging 
system are being reported [179]. Staging parameters for carcinomas arising in the 
kidney are provided, and definitions for primary tumor (T), regional lymph nodes 
(N), and distant metastasis (M) are established in this staging system (Table 5.3).

Table 5.3  American Joint Committee on Cancer 2017 TNM staging of carcinomas arising in the 
kidney (8th edition)

Definition of primary tumor (T)
 � 1. TX: Primary tumor cannot be assessed
 � 2. T0: No evidence of primary tumor
 � 3. T1: Tumor ≤7 cm in greatest dimension, limited to the kidney
 � 1. T1a: Tumor ≤4 cm in greatest dimension, limited to the kidney
 � 2. T1b: Tumor >4 cm, but ≤7 cm in greatest dimension, limited to the kidney
 � 4. T2: Tumor >7 cm in greatest dimension, limited to the kidney
 � 1. T2a: Tumor >7 cm, but ≤10 cm in greatest dimension, limited to the kidney
 � 2. T2b: Tumor >10 cm, limited to the kidney
 � 5. T3: Tumor extends into major veins or perinephric tissues, but not into the ipsilateral 

adrenal gland and not beyond Gerota fascia
 � 1. T3a: Tumor extends into the renal vein or its segmental branches, or invades the 

pelvicaliceal system, or invades perirenal and/or renal sinus fat, but not beyond Gerota fascia
 � 2. T3b: Tumor extends into the vena cava below the diaphragm
 � 3. T3c: Tumor extends into the vena cava above the diaphragm or invades the wall of the vena 

cava
 � 6. T4: Tumor invades beyond Gerota fascia (including contiguous extension into the 

ipsilateral adrenal gland)
Definition of regional lymph node (N)
 � 1. NX: Regional lymph nodes cannot be assessed
 � 2. N0: No regional lymph node metastasis
 � 3. N1: Metastasis in regional lymph node(s)
Definition of distant metastasis (M)
 � 1. M0: No distant metastasis
 � 2. M1: Distant metastasis
American Joint Committee on Cancer (AJCC) Prognostic Stage Groups
When T is… And N 

is…
And M 
is…

Stage 
group is:

T1 N0 M0 I
T1 N1 M0 III
T2 N0 M0 II
T2 N1 M0 III
T3 N0 M0 III
T3 N1 M0 III
T4 Any N M0 IV
Any T Any N M1 IV

Used with permission of the American College of Surgeons, Chicago, Illinois. The original source 
for this information is the AJCC Cancer Staging Manual, Eighth Edition (2017) published by 
Springer International Publishing
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