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Abstract and Introduction

Abstract

Clear cell renal cell carcinoma (RCC) represents the most common histological subtype of malignant kidney tumors. Based on symptoms alone, clear cell RCC is indistinguishable from other histological classes of RCC unless the tumor is present in the context of an RCC syndrome. Histopathological examination is, therefore, important to accurately identify clear cell RCC. Clear cell RCCs have characteristic morphological criteria; these tumors can be easily identified upon typical presentation, but diagnosis can be challenging when tumor cell pattern is unusual or when availability of tissue samples is limited. In this Review, the clinical, radiological and pathological characteristics of clear cell RCCs are described, as well as the potential tumors that can be confused with clear cell RCC and need to be considered in the differential diagnoses. Finally, the importance of an accurate diagnosis is highlighted in the context of the increasing use of preoperative tissue sampling and the prevalence of clear cell tumors associated with hereditary syndromes, which could have different therapeutic and prognostic implications for patients and their families.

Introduction

Clear cell renal cell carcinoma (RCC) is the most common histological subtype of malignant kidney tumors. Clinically, clear cell RCC cannot be distinguished from other histological RCC classes based on symptoms alone; however, when clear cell RCC is present in the context of a syndrome, extrarenal symptoms may be the initial presentation. Radiological appearance may suggest a specific tumor type, but only careful histopathological examination can render a definitive diagnosis for clear cell RCC. With typical histological presentation, the tumors do not represent a diagnostic problem for the pathologist, but when an unusual pattern is present, or when the sample availability is limited, diagnosis can be challenging.

Even though data on sensitivity and specificity are available from studies comparing clinical, radiological and interventional diagnostic methods to standard histological diagnosis, proper indicators of either under-diagnosis, over-diagnosis or misdiagnosis of clear cell RCC are lacking, and no data regarding the incidence of clear cell RCC misdiagnosis is found in the medical literature. The most valid approach to estimate the rate of misclassification is to compare agreement between two methods for pathological diagnosis, such as when comparing diagnosis made on percutaneous core biopsies and the final histological diagnosis with the complete surgical specimen. Despite the limitations associated with core biopsies in terms of tissue sampling, analysis of published data indicates that the incidence of misclassification for clear cell RCC can be estimated in the order of 1-20% of all cases.

In this Review, the clinical, radiological and pathological characteristics of clear cell RCC will be discussed with a brief description of the characteristics of RCC in general. Factors important for the differential diagnoses of clear cell RCC are also described. Finally, as the diagnosis of clear cell tumors may have different therapeutic and prognostic implications for patients and their families, the importance of an accurate diagnosis is highlighted in the context of the increasing use of preoperative tissue sampling and the prevalence of clear cell tumors associated with hereditary syndromes.
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Epidemiology

RCC is the most common epithelial malignancy of the kidney, representing >90% of primary renal neoplasms. In the USA, 58,000 new cases of RCC are diagnosed each year with approximately 13,000 deaths.[1] The worldwide incidence and mortality rate of RCC is in the order of 270,000 cases and 120,000 deaths, respectively.[2] 

RCCs can occur either as sporadic cases or as part of hereditary syndromes. In sporadic RCCs, the incidence of the disease increases steadily until the sixth decade of life, with a median age at the time of diagnosis of 60 years.[3] Men are affected 2-3 times more frequently than women. Even though several risk factors for the disease have been described—including tobacco use,[4] obesity,[5,6] and exposure to chemicals[7]—in most cases no definitive carcinogenic influence can be identified.

In the hereditary forms of RCC, 30-50% of patients with Von Hippel-Lindau (VHL) disease will develop RCC; however, these patients make up only fraction of the overall population with RCC.[8] RCC is also associated with hereditary papillary RCC,[8] Birt-Hogg-Dubé syndrome (BHD),[9] hereditary leiomyomatosis and RCC syndrome,[10] tuberous sclerosis,[11] succinate dehydrogenase deficiency[12] and autosomal dominant poly-cystic kidney disease.[13] Acquired renal cystic disease in patients with chronic kidney disease is also strongly associated with RCC.[14] 

General Clinical Characteristics

Historically, the single most frequent manifestation of RCC was the presence of hematuria, reported in 30-60% of patients in most series.[15] Associated flank pain was reported in about 15-50% of the cases, and a palpable mass was found in 20-50% of the patients in the old series.[15] The classic triad of symptoms—hematuria, pain, and a flank mass—occurred in <20% of patients with RCCs.

Nowadays, the incidental radiological finding of a renal mass, eventually leading to the diagnosis of RCC, is the most frequent presentation of this malignancy.[16] The widespread use of radiological diagnostic methods, including ultrasonography, CT, and MRI, to evaluate nonrenal clinical disorders or nonspecific abdominal symptoms has resulted in the incidental discovery of up to 65% of renal tumors.[17] 

Not only has the number of symptomatic cases of RCC decreased, but also the average tumor size at diagnosis has decreased over time. Original series describing large cohorts from academic institutions had 7 cm as the median tumor size,[18] a figure that has changed dramatically after the introduction of routine CT for the evaluation of abdominal complaints, and thus incidental diagnosis of RCC, as mentioned earlier. Most tumors found incidentally in the past decade were 5-6 cm in size,[19] and a 2006 multi-institution meta-analysis reported 2.5 cm as the mean size of enhancing renal masses.[20] 

Nonspecific systemic symptoms (such as fever, weight loss, malaise, or anemia) are rarely in the initial presentation and occur mostly in advanced cases. In this setting, elevation of the erythrocyte sedimentation rate occurs in approximately 50% of RCC cases.[21] Normocytic anemia unrelated to hematuria occurs in about one-third of patients with RCC.[22] Liver enlargement, coagulopathy, elevation of serum alkaline phosphatase and liver transaminases may occur even in the absence of metastatic liver involvement. Manifestations of paraneoplastic syndromes, such as pseudohyperparathyroidism, with hypercalcemia, erythrocytosis, hypertension, and amyloidosis have also been described in RCC.[23] 

As up to 25% of patients have distant metastases at the time of presentation, RCC can also present as a tumor of unknown primary origin. The most common metastatic sites for RCC are the lungs, bones, and brain, in order of frequency.

Radiological Appearance

CT is the method of choice for evaluating renal masses. The most distinctive characteristic of RCC on CT is a solid enhancing (>10 Hounsfield units) lesion after the administration of contrast media. Hypervascularity with prominent blood vessels can also be seen. Inferior vena cava, renal vein invasion or thrombus is seen in <10% of the cases, but may support the diagnosis when RCC is suspected.

MRI is considered the primary imaging modality in certain groups of patients or scenarios,[24] such as in those with renal failure, when the use of contrast media is contraindicated, and when considering the dose of irradiation after repeated CT evaluation (mostly in patients with familial RCC syndromes). Most solid renal lesions appear isointense to the surrounding normal renal parenchyma on T1-weighted images and variable in signal intensity on T2-weighted images.[25] Signal enhancement can be achieved by the administration of contrast agents. Heterogeneity of a renal mass in T2 appearance has been associated with a 3.36-fold increase in the risk of malignancy and a 29-fold increase for predicting malignancy when enhancement is present after contrast administration.[25] 

Histopathological Classification

The classification of RCC has undergone major changes during the past two decades. These changes have resulted from an improved understanding of the disease pathogenesis, most importantly genephenotype correlations.[26] Currently, these tumors are classified using the WHO system,[27] which defines tumor subtypes based on distinct histopathological features, clinical behavior, and underlying genetic alterations.

The histopathological diagnosis relies on the microscopic evaluation of hematoxylin-eosin-stained sections of tissue samples. The classification is mostly morphological and is based on two major criteria ( Box 1 ): tumor cell characteristics, or cytopathologic elements (that is, clear, chromophilic [basophilic or eosinophilic], chromophobic, oncocytic, and sarcomatoid cells) and the architecture or spatial arrangement of the cells (that is, solid [acinar or alveolar], tubular, cystic, papillary, tubulopapillary or tubulocystic). The morphological classification of RCC is supported by most cytogenetic studies, and it has been demonstrated that the carcinomas may have distinctive morphological features related to specific genetic lesions (discussed later). The major groups of malignant renal epithelial neoplasms recognized so far are summarized in Box 2 .

 

Clear Cell RCC

Clear cell RCCs represent between 60% and 70% of renal tumors in most series.[28] Clinically, clear cell RCC is indistinguishable from other histological subtypes based on the symptoms alone. However, clear cell lesions tend to have a more-aggressive course than papillary type I or chromophobe renal tumors.[29] When clear cell RCC tumors present in the context of a syndrome (such as VHL syndrome) extrarenal symptoms may be the initial presentation.

Radiological Characteristics

Clear cell RCCs have several distinctive imaging characteristics. On CT, lesions tend to enhance more quickly and intensely than the other renal cancers. In a small series, Jinzaki et al.[30] found that all 29 clear cell renal cancers had attenuation values of >100 Hounsfield units on enhanced images and early enhancement after contrast administration.[30] Only one other neoplasm in the series (one of two included oncocytomas) demonstrated similar early enhancement. By contrast, papillary RCCs are typically hypovascular and homogeneous, and a high tumor:parenchyma enhancement ratio can be used as exclusion criteria for papillary RCC.[31] 

On MRI, clear cell RCCs may show signs suggestive of necrosis or intracytoplasmic lipids, hypervascularity in the retroperitoneum, and, less frequently, renal vein or inferior vena cava invasion and/or thrombi.[32] Clear cell renal cancers often lose signal intensity on opposed-phase chemical-shift MRI images, while other renal cancer types do not.[33] In a small series, Yoshimitsu et al.[34] demonstrated that MRI has >90% sensitivity and fair specificity (>70%) when diagnosing clear cell RCC in the context of a solid mass with or without necrosis. As a suggestive factor for clear cell RCC, intracytoplasmic lipids have been described in up to 60% of clear cell RCCs, with sensitivity and specificity of ~80% and >90%, respectively.[33,34] Fat suppression techniques in MRI may enable the differentiation of clear cell tumors from fat-containing benign renal angiomyolipomas and other benign tumors; the presence of fat after fat suppression is highly specific for angiomyolipomas, whilst fat in clear cell RCCs is absent in this scenario.

One published report aimed to predict the histology of RCC lesions based on Doppler ultrasonography characteristics.[35] The presence of vascular flow was associated with clear-cell histology in a cohort of 299 tumors from 290 patients. This finding was confirmed in the same study in 83% of patients in a prospective cohort with an overall 10-fold odds ratio for clear cell RCC.

Histopathology

Before the establishment of the WHO classification system, many clear cell RCCs were classified as 'granular cell' RCC because they had eosinophilic cytoplasm and high nuclear grade.[36] Renal neoplasms of this morphology are now included among the clear-cell type. Other clear cell RCCs were described as 'sarcomatoid' tumors. It should be noted, however, that these two changes (granular and sarcomatoid) represent morphological variants that may arise from several tumor types, and do not constitute a specific subtype of RCC.

Macroscopic Features. Sporadic clear cell RCCs are usually solitary and randomly distributed cortical tumors that occur with equal frequency in either kidney. Multicentric or bilateral lesions occur in <5% of cases. Multifocal and bilateral tumors in young individuals are typical of hereditary cancer syndromes, such as VHL syndrome. In general, clear cell RCCs are typically round, solid tumors that commonly protrude from the renal cortex as a spherical, bosselated mass (Figure 1). Occasionally, these tumors can also display a cystic growth pattern. The boundary between tumor and normal parenchyma is usually well defined, with a 'pushing' margin and a pseudocapsule. The average tumor size in most series is 7 cm in diameter, but the detection of small lesions has increased with the widespread use of radiological imaging techniques and increasing diagnosis of incidental tumors. Size itself is not a determinant of malignancy, but increasing size is associated with a high frequency of metastases.[27,37] 

Figure 1.
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Macroscopic Appearance of a Typical Clear Cell RCC. The most characteristic feature is an exophytic mass arising from the kidney cortex. In the absence hemorrhage or necrosis, the clear cell carcinomas will typically have a golden yellow color owing to the high lipid content of the tumor cells. Abbreviations: C, renal cortex; P renal pelvis; RCC, renal cell carcinoma; T, tumor.

Grossly, clear cell RCC has a variegated appearance and is typically golden yellow owing to the rich lipid content of its cells that include cholesterol, neutral lipids, and phospholipids (Figure 1). Cysts, necrosis, hemorrhage, and calcification are commonly present. When present, the cysts are filled with clear, straw-colored fluid or with hemorrhage. Calcification or osseous metaplasia occur within necrotic zones and have been demonstrated radiologically in 10-15% of tumors.[36] 

Microscopic Characteristics. In our experience, the hallmark for clear cell RCC diagnosis is the presence of cells with clear or eosinophilic cytoplasm within a delicate (small, thin-walled) vascular network (Figure 2a). In most cases, the tumor cells are either polygonal or cuboidal in shape, with well demarcated cell membrane (Figure 2b). The cytoplasm is commonly filled with abundant glycogen and lipids, which are dissolved during histological processing; this process creates the clear cytoplasm seen under microcroscopic examination. Many tumors may also contain minority populations of cells with eosinophilic cytoplasm (granular cells) owing to increased number of mitochondria (Figure 2c). In high-grade lesions, tumors may contain pleomorphic cells, some of which mimic the giant cells (epithelioid cells) seen in some chromophobe tumors and angiomyolipomas. The spindle (fusiform) cells seen in sarcomatoid areas (Figure 2d) are considered evidence of high-grade disease. Notably, for diagnostic purposes, even in high-grade lesions (except in those with sarcomatoid changes), the rich, thin-walled vascular network is usually retained.

Figure 2.
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Microscopic Features of Clear Cell (Conventional) RCCs. The hallmark of RCCs is a | the presence of cuboidal cells with well-demarcated cell membranes surrounded by thin-walled blood vessels (arrows); b | CD31 staining (in brown) highlighting the rich microvascular network; c | cells with eosinophilic and granular cytoplasm can also be seen in clear cell renal tumors (arrowheads); d | sarcomatoid change represents a poor prognostic factor in RCC, and can appear in any of the histological variants. Slides a, c and d stained with hematoxylin and eosin, slide b stained with anti-CD31 antibody. Scale bar: a-c, 200 µm d, 400 µm. Abbreviation: RCC, renal cell carcinoma.

Clear cell RCC may grow in various architectural patterns. In addition to sinusoidal and sheet-like (solid) patterns, tumors may have alveolar, tubular, or acinar appearance (Figure 3a-c). In these patterns, round collections of cells are demarcated by delicate, interconnecting capillaries or sinusoidal structures and supported by a network of thin collagen fibers. No lumens are apparent in the alveolar pattern, whereas a central, round luminal space occurs in the acinar pattern (Figure 3c). The alveolar and acinar structures may dilate, producing microcystic and macrocystic patterns (Figure 3d). Occasionally, clear cell RCC has a distinct tubular pattern and, rarely, a pseudopapillary architecture is focally present. Tumors showing a pseudopapillary growth pattern, which must not be mistaken for the true papillary growth pattern seen in papillary RCCs, are characterized by pseudopapillae lacking a true fibrovascular core. Other features, such as the amount of papillary or tubulopapillary structures, the amount of clear cells and the solid growth pattern of the surrounding structures, are helpful in the morphological diagnosis to differentiate clear cell RCC from true papillary RCC.

Figure 3.
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Architectural configurations in clear cell RCC. Clear cell RCCs can have several different architectures a | classic alveolar growth pattern and clear cytoplasm, b | pseudopapillary architecture lacking a true fibrovascular core, c | acinar pattern (small central luminal-like spaces are usually filled with serous fluid or erythrocytes), and d | a cystic pattern can also be seen. All slides stained with hematoxylin and eosin. Scale bar: a-c, 200 µm d, 800 µm. Abbreviation: RCC, renal cell carcinoma.

The features of tumor cell nuclei display a spectrum adequately described (and graded) by the Fuhrman nuclear grading protocol ( Table 1 ).[38] In well-preserved preparations, the nuclei tend to be round and uniform with granular homogeneous distribution of chromatin. Most clear cell RCC are Fuhrman nuclear grade 1 or 2 (Figure 4a).[39] Depending on the grade, nucleoli may be inconspicuous and small, or large and prominent. Large nuclei without nucleoli or abnormal nuclei may occasionally occur (Figure 4b). These nuclear features have important clinical value as prognostic markers.[40] 

Figure 4.
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Fuhrman Nuclear Grade Classification of Renal Tumors. Examples of a | clear cell renal cell carcinoma nuclear grade 2, the nuclei are small and regular, in contrast with b | nuclear pleomorphism seen in high grade (Fuhrman nuclear grade 4) tumors. All slides stained with hematoxylin and eosin. Scale bar: 200 µm.

Mitotic activity is not a major feature of clear cell renal tumors, with very few cases showing more than five mitoses per 10 high-power fields. Growth pattern is loosely associated with nuclear grade as most low-grade lesions have an acinar growth, whereas high-grade areas are more likely to present with solid, pseudopapillary or sarcomatoid features.

Several other histological findings are also described in clear cell RCCs. Degenerative changes (such as fibrosis or hyalinization) can be seen in up to 75% of cases;[41] however, true desmoplasia is usually absent. Some tumors may have central areas of fibromyxoid stroma and areas of calcification or ossification, seen in <10% and 4% of RCCs, respectively.[42] Most clear cell RCCs have little associated inflammatory response; however, an intense lymphocytic or neutrophilic infiltrate can be occasionally present.

Immunophenotype. In general, immunohistochemical studies confirm that the antigenic composition of all RCCs is variable, likely reflecting the heterogeneous origin and differentiation of these tumors. Clear cell RCCs tend to react with antibodies to brush border antigens, low-molecular-weight cytokeratins (cytokeratins 8, 18, 19, and AE1/AE3), Cam 5.2 (an antibody against cytokeratin) and vimentin.[43] High-molecular-weight cytokeratins (including cytokeratin 7, 14, 20) are rarely detected, as is reactivity to a anti-cytokeratin antibody 34βE12. Most clear cell RCCs react positively for RCC marker, CD10 (also known as neprilysin) and epithelial membrane antigen. Mucin 1 and 3 are consistently expressed in clear cell RCCs; this pattern of expression is often used to distinguish clear cell RCCs from other histological subtypes ( Table 2 ).

Ultrastructural Findings. The appearance of clear cell RCC on electron microscopy is distinctive, and findings from ultrastructural studies show that the origin of clear cell RCC is from proximal tubules.[44] The cells tend to have a tubular differentiation that is characterized by arrangement around microlumens, often with varying amounts of brush border, and demarcation of groups of cells by basal lamina. Abundant glycogen granules (Figure 5a) and lipid vacuoles (Figure 5b) are characteristically present when the cells have clear cytoplasm on light microscopy.[44] In RCCs with granular eosinophilic cytoplasm, large numbers of mitochondria are present, which are randomly distributed and are large and pleomorphic (Figure 5c).[45] Other organelles, such as Golgi bodies and rough endoplasmic reticulum, are either absent or sparse.

Figure 5.
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Ultrastructural Characteristics of Clear Cell RCC. a | Diffusely distributed glycogen granules are abundant in most clear cell tumors. b | Abundant lipid vacuoles of moderate size confer the clear cell look after histological processing. c | Mitochondria are characteristically small, long, and pleomorphic with lamellar cristae and electron dense matrix. Magnification: x3,100 for slide a; x4,600 for b; x21,600 for c. Permission obtained from Taylor & Francis © Mackay, B. et al. Ultrastruct. Pathol. 11, 483-502 (1987) and Erlandson, R. A. et al. Ultrastruct. Pathol. 21, 409-417 (1997).

 

Genetics of Clear Cell RCC

Clear cell RCCs are characterized by the loss of genetic material of the short arm of chromosome 3 (-3p) and mutations in VHL.[46] In patients with VHL disease, such losses and mutations are described in almost all cases. Interestingly, loss or somatic mutations in the same region can be found in 35-50% of the cases, whereas hypermethylation occurs in up to 20% of the more-common sporadic, unilateral, and unifocal tumors as well.[47] 

VHL inactivation, by either loss or somatic mutations, initiates a series of events that are directly related to the clinical phenotype of clear cell renal tumors. VHL acts as a ubiquitin ligase in a multiprotein proteosomal complex required to degrade hypoxia-inducible factor 1α (HIF-1α), a transcription factor that functions as an oxygen sensor in the cell.[48] Cells lacking VHL have, therefore, an impaired capacity to degrade HIF-1α, which accumulates in the nuclei and activates genes containing hypoxia responsive elements in their 3' untranslated regions, such as vascular endothelial growth factor, glucose transporter 1 (also known as solute carrier family 2, facilitated glucose transported member 1) and erythropoietin among others. Increased expression of such genes has been demonstrated previously[49] and is partly responsible for the highly vascular phenotype seen in clear cell RCC.

In 2011, Varela et al.[50] identified new cancer genes in clear cell RCC. Using PCR-based exon resequencing, the study authors reported that, so far, PBRM1 (encoding protein polybromo 1) is the second major mutated clear cell RCC cancer gene after VHL. Additional genetic changes, with chromosomal gains and losses, have also been documented in metastatic clear cell RCC tumors, suggesting that other genetic changes may contribute to tumor progression.

 

Molecular Profiling of Clear Cell RCC  »
In several types of human cancer, gene expression studies have proved to be effective for classifying tumors and identifying unique molecular cancer biomarkers. Gene expression profiling is, therefore, a promising approach to address issues in RCC classification (such as differential diagnosis) and could be used to distinguish clear cell RCC from other RCC histotypes.

To characterize the unique expression profiles of renal tumor subtypes, Schuetz et al.[51] used unsupervised linkage clustering to group RCC tumors by similarity in expression profiles. In that study, clear cell RCCs overexpressed over 400 genes, most of them related to immune response or angiogenic factors, while chromophobe RCC overexpressed genes related to electron transport, oxidative phosphorylation and energy pathways. Serine protease inhibitors and extracellular matrix products were overexpressed in papillary tumors and angiomyolipomas expressed muscle developmental, lipid biosynthetic, melanocytic, and angiogenic factors. Over a dozen other studies using different gene expression platforms have been published to date.[52] Despite the different platforms used, a common denominator of these RCC expression profiles is that unsupervised grouping of renal tumors based on microarray gene expression largely recapitulate the classification based on morphological features. Interestingly, these studies show that the greatest dissimilarity in gene expression exists between clear cell RCCs and all other renal neoplasms.

Most protein expression profiling studies have tried to establish characteristic profiles of RCC compared with normal kidney—only two studies have been published comparing different histological subtypes of RCC to establish a unique protein-phenotype pattern.[26,53] A series of proteins expressed only in clear cell RCC, but not in other RCC types or normal kidney, were identified by 2-dimensional gel electrophoresis combined with mass spectrometry. These proteins included members of the annexin and fibrinogen families of protein, cathepsin D preprotein, a enolase, proteasome activator subunit 1, glutathione S-transferase o1, and β2 tubulin. The results, however, are hampered by the limitations in sensitivity of the techniques employed to evaluate protein expression.

microRNA expression studies have been published in the past few years to try to establish molecular classification of tumors. Fridman et al.[54] evaluated a series of 120 RCCs of different histologies that included 34 clear cell RCCs. Interclass comparison revealed similarity in microRNA expression between oncocytoma and chromophobe subtypes, as well as between clear cell and papillary tumors. Expression levels of six microRNAs were used to distinguish between pairs of groups: miR-210 and miR-221 expression were used to distinguish between the oncocytoma-chromophobe group from the clear cell-papillary group, miR-200c with miR-139-5p to separate oncocytoma from chromophobe tumors, and miR-31 with miR-126 to identify conventional clear cell RCC from papillary tumors. Despite being in the early 'test phase' of investigations, these molecular signatures hold great clinical promise; established techniques (such as immunohistochemistry and electron microscopy) for difficult to diagnose RCC are now used daily in the clinical setting after initial use as research tools.
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Misdiagnosis of Clear Cell RCC

Clinical and Radiological Misdiagnosis

As mentioned previously, the histological subtypes of RCC can rarely be differentiated clinically. The exception is perhaps tumors arising in the context of hereditary syndromes in which other phenotypic characteristics can assist in generating a clinical diagnosis.

A similar situation occurs with radiological imaging. From the available literature, the rate of misclassification comparing radiological to final pathological diagnosis is around 10-30% of the cases depending on the study and the type of radiological imaging used.[30,32,55-59] In this regard, CT has a major role in the characterization of kidney tumors. Understanding both the underlying pathophysiology and the histological features provides an essential starting point for explaining the radiological characteristics of renal masses. Careful CT evaluation with radiological-histological correlation, therefore, has a major role in directing patient management.

Histopathological Misdiagnosis

Even though extractable data on sensitivity and specificity rates are available from studies comparing clinical, radiological and interventional diagnostic methods to standard histological diagnosis, proper indicators of either underdiagnosis, overdiagnosis or misdiagnosis are lacking, and no epidemiological data regarding the incidence of clear cell RCC misdiagnosis is found in the medical literature. A valid approach to estimate the rate of histological misclassification is to compare agreement between two methods for pathological diagnosis. As described next, this scenario could be the case when comparing diagnosis made on percutaneous core biopsies and the final histological diagnosis with the complete surgical specimen. Considering the limitations of the core biopsies, as discussed later, secondary analysis of published data indicates that the incidence of mis-classification for clear cell RCC can be estimated in the order of 1-20% of the cases published.[60] 

Kümmerlin et al.[61] assessed interobserver variability when classifying RCCs. When five pathologists evaluated a single hematoxylin-eosin-stained slide of a tumor biopsy sample, the Cohen's kappa index of agreement barely reached 30%, with a better performance distinguishing benign from malignant lesions. After evaluating several hematoxylin-eosin-stained serial biopsy sections together with other immuhistochemical stains, the index of agreement reached 100%, highlighting the need for extensive sampling to diminish misclassification rates. Subclassification problems arose when combined cytomorphological features were found. In the study, up to 40% of the clear cell RCCs had to be extensively sampled owing to the presence of sarcomatoid differentiation. Interestingly, a trend was observed between primary type of the clinical practice (that is, university-based clinics versus community practice clinics).

Clear cell RCC tumors can be confused with other malignant renal tumors including chromophobe, papillary, or Xp11.2/TFE3 translocation RCC. Benign conditions, such as angiomyolipomas or xanthogranulomatous pyelonephritis, should always be included in the list of differential diagnosis. Other conditions such as multilocular cystic RCC and metastatic tumors with clear cell morphology from ovary, parotid or thyroid gland should also be kept in mind during patient diagnosis.

Chromophobe RCCs have characteristic nuclear and cytoplasmic features that are rarely seen in clear cell tumors. Although the classic variant of chromophobe RCC has more variation in cell and nuclear size, darker chromatin without nucleoli and more irregular nuclear outline than clear cell RCC, the eosinophilic variant can also be confused with clear cell RCC containing granular cells. Large cells seen in chromophobe tumors can also be distinguished from clear cells in clear cell RCC by careful cytological examination, demonstrating fine granular cytoplasm not seen in the latter. Diffuse cytoplasmic positivity for Hale's colloidal iron is a hallmark of chromophobe tumors, although this stain can be difficult to perform and interpret.

In most cases of clear cell RCC with papillary growth, this pattern occurs probably as a result of cell dropoff, with tumor cells located far from the blood supply dying, and those close to the vessels being preserved. Histiocytes are unlikely to be present within the fibrovascular 'stalk' in these pseudopapillary areas. Intracellular hemosiderin deposition is absent as well. Papillary RCCs are said to express cytokeratin 7, whereas conventional clear cell renal tumors do not ( Table 2 ).

Xp11.2/TFE3 translocation tumors affect predominantly children and young adults, and are defined by several different translocations that involve chromosome Xp11.2 and the transcription factor E3 gene. Histologically, papillary structures lined with clear cells are the most distinctive feature. Nested pattern made up of cells with abundant acidophilic cytoplasm is common, but histology may vary with different chromosomal translocations. These tumors show TFE3 overexpression on immunohistochemistry.[62] 

Angiomyolipoma in its epithelioid, myoid-rich or fat-poor variants can be readily misclassified as clear cell (conventional) RCC particularly on frozen sections. The problem is compounded by the fact that some angiomyolipoma lack the morphological diversity seen in classic cases. Close attention to morphological features, immunohistochemistry, electron microscopy findings, and even cytogenetic properties can help establish the correct diagnosis. Clear cell RCCs are usually immunoreactive for RCC antigen, CAM 5.2 as well as epithelial membrane antigen, reactivity not seen in angiomyolipoma ( Table 2 ). Alternatively, angiomyolipoma stains positive for HMB-45 and smooth muscle actin, but clear cell RCC is usually negative for these markers. Another entity to be considered in the differential diagnosis is adrenocortical carcinoma, particularly in the case of upper pole tumors. Adrenocortical tumors are not immunoreactive with epithelial membrane antigen and rarely stain positive for cytokeratins; these tumors do express inhibin and A-103 (MART-1), which are not expressed in clear cell RCCs. Metastasis from the thyroid, although extremely rare, can mimic clear cell RCC.[63] Thyroglobulin immunohistochemical analysis and ultrastructural detection of intracytoplasmic glycogen (which is not found in clear cell carcinomas primary in the thyroid) can be helpful in making the distinction between clear cell RCCs and thyroid metastases. Metastases to and from the ovary of clear-cell histology can also be confused with primary clear cell RCC.[64] 

Capillary hemangioblastoma of the central nervous system may closely resemble clear cell RCC. These tumors represent a particular problem because both neoplasms are associated with VHL disease. The problem can usually be resolved by staining for epithelial membrane antigen because capillary hemangioblastomas fail to stain, whereas clear cell RCCs usually stain positive for this antigen.

In multilocular cystic RCC, cystic masses grossly resembling cystic nephroma contain aggregates of clear epithelial cells within their septa. The lining cells may be flat or plump and their cytoplasm ranges from clear to pale. These cells are usually low-grade clear cell RCC. Although these tumors have little or no evidence of malignant behavior, they should be diagnosed as multilocular cystic clear cell RCC, which has an excellent outcome. To distinguish these tumors from conventional clear cell RCCs, lesions containing expansive nodules of carcinoma must be excluded from this group and should be diagnosed simply as clear cell RCC with its full clinical implication.

Xanthogranulomatous pyelonephritis is an unusual inflammatory disorder that can clinically and pathologically be confused with clear cell RCC. The presenting symptoms overlap with those of RCC, because most of the patients present with various symptoms from the constellation of flank pain, fever, malaise, weight loss, and hematuria. The preoperative diagnosis is further complicated by the frequent finding of a flank mass. The gross appearance is also confusing because the inflammation may produce a tumor-like mass of yellow tissue and may infiltrate the perinephric fat. Xanthogranulomatous pyelonephritis can also be puzzling on microscopy because an infiltrate of foamy histiocytes that may be misconstrued as the clear cells of RCC is usually the predominant element. Close attention to the cytoplasm reveals its foamy character, unlike that of clear cell RCC. This tumor also lacks the vascular pattern typical of clear cell RCCs; the other inflammatory cells present, principally lymphocytes and plasma cells, should further assist in its recognition. Immunohistochemistry including labeling for CD68 (also known as macrosialin, positive in macrophages), cytokeratin (positive in clear cell RCC), carbonic anhydrase 9 and vimentin is helpful in achieving a final diagnosis.

Misdiagnosis in Kidney Biopsies

In the past, fine needle aspiration of renal masses had a limited role in the management of these masses because of an overestimated risk of tumor seeding and high false-negative rates,[65] and its use was reserved for suspected tumors other than RCC types, such as metastases or lymphoma. Currently, interest in the clinical use of pre-operative biopsies for pathological diagnosis and treatment planning is renewed. The rationale behind most of the studies is to guide clinical decision-making, including avoidance of surgery for benign tumors, management of small renal masses and patient selection for surgery in high-risk populations. As the specificity of fine needle aspiration, even in experienced hands, is low compared with histology,[66] percutaneous core biopsy is now the most common approach. However, sampling issues such as the availability of tumor cells and limited architectural information have raised some concerns about their use and the potential of histological misdiagnosis.

The results from around 800 biopsies for focal renal lesions in several studies performed over the past decade demonstrate that image-guided biopsies provide sufficient tissue for diagnosis in 90.4% of cases.[67] A review of almost 400 renal mass biopsies found false diagnosis in only seven (1.2%), and the sensitivity for malignancy ranged from 76% to 93%.[68] Wood et al.[69] reviewed retrospectively 79 biopsies in 73 patients with renal masses. All tumors initially underwent fine needle aspiration (22-gauge needle) with immediate cytological analysis, followed by core biopsy (17-20-gauge needle). Biopsy samples were adequate for diagnosis in 74 of 79 (94%) cases. Of 49 positive biopsies, 15 (31%) involved non-RCCs. Of the 79 biopsies, 5 (6%) were false negative and all correlated to samples with insufficient tissue for diagnosis. In another study of 27 primary tumors biopsied with an 18-gauge core needle, 89% were correctly subtyped. Two clear cell and one papillary RCC subtype tumor were miscategorized.[70] 

The overall accuracy of renal biopsy has been shown to be dependent on the size of the mass.[71] Sensitivity for malignancy was 84%, 97%, and 87% for masses <3 cm, 4-6 cm, and >6 cm, respectively.[72] Negative predictive values were 60%, 89%, and 44% for masses <3 cm, 4-6 cm, and those >6 cm, respectively.

A 70-80% accuracy of determination of the Fuhrman grade has been reported with 18-gauge core needles. Lechevallier et al.[10] reported on 63 consecutive patients that underwent 18-gauge core biopsies for suspicious renal masses (73 biopsies were performed). Biopsy material was insufficient for analysis, suspicious for RCC and diagnostic in 15 (19%), 2 (3%), and 56 (78%) of patients, respectively. Biopsy revealed a benign lesion in 8 (13%) patients and a nonsurgical malignant tumor in 21 (33%) of patients. Finally, for those patients who had a nephrectomy (26 patients) for malignant disease, the accuracy of biopsy for histopathological and Fuhrman nuclear grade evaluations was 89% and 78%, respectively. Importantly, no complications needing intervention were found from the biopsy samples and no evidence of tumor seeding at a mean follow-up of 29 ± 11 months were observed.

False-positive diagnoses for malignancy are rare, but have been reported after biopsy of a calcified cyst, cystic nephroma, angiomyolipoma, and chronic pyelonephritis.[73] The most common differential diagnostic entities for clear cell RCCs on percutaneous core biopsy, therefore, include adrenal cortical cells, cystic nephroma, xanthogranulomatous pyelonephritis, epithelioid angiomyolipoma and chromophobe RCC among others.

In our own experience, the diagnostic accuracy of percutaneous core biopsy is improved when extensive sampling of the tumor is performed; that is, at least three representative core biopsies are taken, with an overall sensitivity of 100% for differentiating malignant from benign tumors (M. J. Merino et al. unpublished work). Looking at clear cell RCC versus histology that is not a clear cell type, the overall accuracy is in the order of 93%.

Misdiagnosis in Inherited RCC Syndromes

Differentiating clear cell renal tumors within hereditary syndromes is only achieved by genetic testing. Clinical data is also helpful in suggesting a particular phenotype. The clinical characteristics and underlying genetic abnormalities of inherited RCC syndromes useful for diagnosis are described below.

VHL Syndrome. As mentioned above, clear cell RCC can also arise in hereditary syndromes. The most representative of this scenario is perhaps clear cell kidney tumors in patients with VHL disease. VHL syndrome is a multiorgan disorder characterized by central nervous system hemangioblastomas, retinal angiomas, pheochromocytomas, epididymal cysts, renal cysts, and RCCs. This disease and all manifestations are caused by germline mutations of VHL located on chromosome 3p25. Characteristically, RCCs arising in the context of VHL disease are the clear-cell variant of RCC. The typical gross specimen will show multiple cysts and multiple clear cell carcinomas, and the neoplasms are usually multifocal and bilateral. Microscopically, in our experience, these tumors cannot be distinguished from those arising as sporadic clear cell RCC.

Hereditary Papillary RCC. Hereditary papillary RCC is inherited in an autosomal dominant manner and is characterized by multiple, bilateral papillary RCCs with a type-I-like papillary or tubulopapillary architecture. The disease is caused by activating mutations of the MET oncogene (encoding hepatocyte growth factor receptor) on chromosome 7q31.[8] No clear cell RCCs have yet been described in hereditary papillary RCC.

BHD Syndrome. BHD was originally described as a genodermatosis consisting of fibrofolliculomas. Subsequently, the presence of RCCs in these patients was noted.[74] The disorder is the result of an autosomal dominant mutation of the FLCN gene (also known as BHD, which encodes folliculin) on chromosome 17p11.2. The renal neoplasms of BHD syndrome display a histological spectrum including oncocytoma, chromophobe RCC, papillary carcinoma, and clear cell RCC in up to 5% of the cases.[75] Tumors with hybrid morphology showing features of both chromophobe RCC and oncocytoma are also seen. Typically, the neoplasms are both multicentric and bilateral and have a more-benign course.

Hereditary Leiomyomatosis and RCC. Hereditary leiomyomatosis with RCC is a syndrome characterized by leiomyomas of the skin and uterus, and in a minority (10%) of affected patients, a high frequency of RCC and malignant uterine smooth muscle tumors are observed.[76] The disorder is associated with a germline inactivating mutation of the FH (encoding fumarate hydratase) gene located on chromosome 1q42.3 to q43.[77] Most of the identified renal neoplasms in these patients have the morphological features of papillary RCC, type II. So far, only one tumor with clear-cell histology has been described in this syndrome.[78] 

Constitutional Chromosome 3p Translocation RCC. This inherited syndrome is characterized by a spectrum of translocations involving chromosome 3, with autosomal dominant transmission. The characteristic RCC observed in these patients is the clear-cell variant. This inherited form of RCC is rare, with seven families identified to date.[28] 

Tuberous Sclerosis Complex. Tuberous sclerosis is a genetic disorder involving multiple organ systems, clinically characterized by epileptic seizures, mental retardation, skin lesions, pulmonary and renal lesions including cysts and angiomyolipomas. The disease is an autosomal dominant disorder caused by mutations in two genes identified on chromosomes 9 and 16, TSC1 (encodes hamartin) and TSC2 (encodes tuberin).[79] The renal lesions, usually cystic, are lined by large eosinophilic epithelial cells. The cysts are accompanied by angiomyolipomas in nearly half of the patients, containing a lipid component that can be easily mis-diagnosed as clear cells. Bernstein et al.[80] report that RCC develops in approximately 2% of patients with tuberous sclerosis complex, but epithelioid angiomyolipoma must be excluded before RCC is diagnosed.

Succinate Dehydrogenase Deficiency. Germline-inactivating mutations in three of the succinate dehydrogenase genes (SDHB, SDHC, and SDHD) are associated with familial paraganglioma and familial pheochromocytoma. Affected individuals are also at risk of developing kidney tumors. These tumors usually appear early in life, and seem to develop mostly in people with germline SDHB mutations.[13,81] Histologically, these tumors have a conventional clear-cell carcinoma appearance with mixture of clear cells and cells with granular-eosinophilic cytoplasm indistinguishable from clear cell RCC arising in either sporadic of hereditary forms.
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Conclusions

RCC is a clinically, radiologically and histopathologically diverse disease. Clear cell RCC is the most common histological subtype and can occur sporadically, as well as part of hereditary cancer syndromes. With the application of strict morphological criteria, histopathological examination will render a correct diagnosis in most cases. However, when atypical cytological and architectural features are present, clear cell RCC could potentially be misclassified as other histological subtypes or vice versa. Epidemiological data about this phenomenon is scarce, and the absolute number of erroneously typed tumors is largely unknown, but can be estimated from cross-correlated histopathological studies. Contributing factors that can influence the misclassification rate include limited architectural information, such as in the case of percutaneous tumor biopsies, and tumors appearing in hereditary syndromes. The use of either ancillary (electron microscopy, histochemistry) or modern techniques (cytogenetics, immunohistochemistry, gene or protein expression profiles) will assist in difficult cases, and adequate sampling and careful microscopic examination should minimize errors in classification.
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Key Points

· Renal cell carcinoma (RCC) is a type of renal tumor that encompasses a group of different morphological and genetic diseases

· RCC can occur as sporadic cases or as part of hereditary syndromes

· Morphological differences between subtypes are supported by underlying genetic changes

· Clinically and radiologically, histotypes can be difficult to differentiate, especially for clear cell RCC

· Misdiagnosis or misclassification of RCC can be minimized by extensive sampling of tumors
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