Differential Diagnosis of Renal Tumors
With Clear Cytoplasm

Clinical Relevance of Renal Tumor Subclassification
in the Era of Targeted Therapies and Personalized Medicine
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® Context.—The World Health Organization classification
of renal tumors synthesizes morphologic, immunohisto-
chemical, and molecular findings to define more than 40
tumor types. Of these, clear cell (conventional) renal cell
carcinoma is the most common malignant tumor in adults
and—with the exception of some rare tumors—the most
deadly. The diagnosis of clear cell renal cell carcinoma on
morphologic grounds alone is generally straightforward,
but challenging cases are not infrequent. A misdiagnosis of
clear cell renal cell carcinoma has clinical consequences,
particularly in the current era of targeted therapies.

Objective.—To highlight morphologic mimics of clear
cell renal cell carcinoma and provide strategies to help
differentiate clear cell renal cell carcinoma from other
renal tumors and lesions. The role of the pathologist in
guiding treatment for renal malignancies will be empha-
sized to stress the importance of proper tumor classifica-
tion in patient management.

he first case of a primary malignant tumor of the kidney

was reported in the medical literature more than 175
years ago.! Ever since this initial case report, physicians and
scientists interested in renal tumors have recognized, to
varying extents, that there are different types of renal
malignancies. Numerous classification schemes have come
and gone over the years and the modern classification of
renal neoplasms represents our current understanding of
these tumors, based on existing morphologic, clinical,
immunohistochemical, and molecular findings. At the
morphologic level there can be significant overlap between
renal tumor subtypes, and many different tumors in the
kidney can exhibit clear cytoplasmic changes. Of the
currently recognized renal tumors, 3 types—clear cell renal
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Data Sources.—Published literature and personal expe-
rience.

Conclusions.—In challenging cases, submission of addi-
tional tissue is often an inexpensive and effective way to
facilitate a correct diagnosis. If immunohistochemical
stains are to be used, it is best to use a panel of markers,
as no one marker is specific for a given renal tumor
subtype. Selection of limited markers, based on a specific
differential diagnosis, can be as useful as a large panel in
reaching a definitive diagnosis. For renal tumors, both the
presence and absence of immunoreactivity and the pattern
of labeling (membranous, cytoplasmic, diffuse, focal) are
important when interpreting the results of immunohisto-
chemical stains.

(Arch Pathol Lab Med. 2013;137:467-480; doi: 10.5858/
arpa.2012-0085-RA)

cell carcinoma (CCRCC), papillary renal cell carcinoma
(PRCC), and chromophobe renal cell carcinoma (ChRCC)—
account for approximately 90% to 95% of all malignant
kidney tumors in adults.>® Clear cell renal cell carcinoma is
the most common malignant tumor of renal epithelial origin
and—with the exception of some rare tumors—the most
deadly. Recognition of CCRCC and differentiation from its
morphologic mimics is important not only for prognostica-
tion but also for treatment-related reasons as discussed in
this review.

The treatment paradigm for renal tumors in general and
renal cell carcinomas (RCCs) specifically are changing, and
these changes are in part driven by tumor classification.
Pathologists will play a major role in these new treatment
models, which include minimally invasive, ablative tech-
niques and medical therapies targeted at cellular pathways
that are active in specific tumor types. Traditionally, RCC
has been considered a surgical disease. With the widespread
use of modern imaging techniques in the last several
decades, there has been a significant increase in the number
of incidentally discovered small renal tumors, many of
which are indolent.*> Currently, there are no reliable
noninvasive methods to preoperatively distinguish an
indolent tumor from a potentially aggressive carcinoma;
this is especially true when these lesions present incidentally
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as small localized tumors. In some cases, surgery with its
associated complications and negative impact on long-term
renal function may be more harmful than simple observa-
tion—also known as active surveillance—when dealing with
small renal tumors even when these lesions are potentially
malignant.®” Currently, observation of a solid renal mass is
generally a viable option for elderly patients or patients with
comorbidities that make them poor surgical candidates.®
Given the aging population and the prevalence of chronic
renal disease in the United States, it is likely that in the near
future simple observation of small renal tumors, with or
without concomitant percutaneous biopsy to establish a
pathologic diagnosis, will become more common.” In
observation protocols using biopsies, the histopathologic
diagnosis may lead to ablative therapies for aggressive
tumor types, such as CCRCC, with alternate diagnoses
being triaged to active surveillance.

While small, potentially indolent tumors represent a
significant management dilemma today, at the other end
of the spectrum, approximately 20% of patients with RCC
will present with metastatic disease and another 10%—even
if treated by nephrectomy—will develop metastases at some
point during their disease course.”” Of the patients
presenting with or ultimately developing metastases, most
will have a diagnosis of CCRCC." Traditional chemotherapy
and radiation therapy are largely ineffective in the treatment
of RCC of all subtypes.'®'? As a result, numerous drugs have
been developed for the treatment of metastatic RCC that
target molecular pathways known to be altered in these
tumors." The cloning and identification of the von Hippel-
Lindau tumor suppressor gene (VHL) located on the short
arm of chromosome 3 at locus 3p25.3 and the recognition
that VHL silencing also occurs in most sporadic CCRCCs,
planted the seeds for the modern classification system and
the development of novel targeted therapies.'**® Because
inactivation of VHL does not occur in non—clear cell RCCs,
most of the clinical trials evaluating the efficacy of drugs
targeting molecules overexpressed as a result of VHL
inactivation have been limited to CCRCC."™'7 Thus,
prospective randomized controlled trial data demonstrating
the efficacy of many targeted therapies in metastatic non—
clear cell RCC are lacking.'” Currently, efforts are underway
to identify molecular pathways and drugs that are effective
in treating metastatic non—clear cell RCC subtypes.'”
Therefore, the challenges for pathologists in the era of
modern therapies for renal tumors are 2-fold: arriving at a
diagnosis based on a small amount of tissue in the case of
active surveillance protocols and correctly subclassifying
high-grade or poorly differentiated tumors to guide neo-
adjuvant or adjuvant molecular-based therapies.

Clear Cell (Conventional) Renal Cell Carcinoma

Clear cell renal cell carcinoma is the most common
malignant tumor of renal epithelial origin, accounting for
approximately 70% of renal tumors in adults.>**%° Sporadic
cases of CCRCC typically arise in patients older than 40
years, and men are affected more frequently than women.
Approximately one-third of patients diagnosed with
CCRCC will develop metastases during the course of their
illness.’*!> Most metastases from CCRCC develop within 3
years of initial presentation, but so-called late metastases
occurring 10 years or more after diagnosis are a well-
documented phenomenon.?! The most common sites of
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metastases from CCRCC are lung, liver, and bone, but
virtually any site in the body can be affected.

Grossly, CCRCC is classically described as a solid,
lobulated, well-circumscribed, golden-yellow mass. How-
ever, the gross appearance can be variable, with areas of
necrosis and dark red discoloration reflecting hemorrhage;
prominent cystic changes are also frequent findings. In a
minority of cases CCRCC will have a white sclerotic
appearance, with or without grossly evident calcifications
or even ossification. Additionally, CCRCC can have a
significant component that grossly appears fleshy and tan,
reflecting microscopic sarcomatoid differentiation. Sampling
of all areas of tumor that appear grossly distinct often aids
greatly in arriving at the correct diagnosis. Recent studies
have emphasized the importance of evaluating the renal
sinus for proper staging and, thus, careful gross and
microscopic examination of this area should be performed
in all nephrectomy cases.*

Microscopically, CCRCC has highly variable architectural
patterns and nuclear/cytoplasmic features. One possible
point of confusion when examining cases of CCRCC under
the microscope is that there may be very little, if any, clear
cells. In fact, in high-grade tumors, the cytoplasm of
CCRCC often has a more eosinophilic or granular quality.
Conversely, many renal tumors that are not CCRCCs can
exhibit clear cytoplasmic changes. Thus, many experts have
noted that the most reliable diagnostic feature of CCRCC is
its vascular pattern rather than the quality or characteristics
of the cytoplasm.**?° The distinctive blood vessels seen in
CCRCC are of small caliber and completely invest clusters
of tumor cells, imparting what is often referred to as an
alveolar pattern to the tumor (Figure 1, A). This vascular
pattern is usually present, albeit sometimes focally, regard-
less of tumor grade and cytoplasmic features (Figure 1, B).
In approximately 5% of cases, a sarcomatoid or spindle cell
pattern can be seen and, when prominent, can make
diagnosis of the underlying CCRCC difficult.*® In such
situations—which have a tendency to occur in large
tumors—submission of additional sections is often useful.
The recognition that CCRCC may have very few, if any,
cells with clear cytoplasm and that sarcomatoid differenti-
ation may be seen in CCRCC, as well as any other RCC
subtype, has led to the elimination of “sarcomatoid RCC”
and “granular cell RCC” as specific subtypes of renal
malignancies.’

Notwithstanding the microscopic features seen in difficult
cases mentioned above, the diagnosis of CCRCC is
straightforward on hematoxylin-eosin (H&E)—-stained sec-
tions alone in most cases. Most of the CCRCCs encountered
in clinical practice do have the optically clear cytoplasm for
which these tumors are named. This finding of cytoplasmic
clarity is actually an artifact of routine tissue processing, as
the glycogen and lipid present in the cytoplasm is lost
during this process. Owing to the rich vascularity of
CCRCC, many cases exhibit areas of hemorrhage, which
frequently occur within the center of a cluster or nest of
cells, forming what has been variably referred to as “blood
lakes” or “bloody glands” (Figure 1, C). Other architectural
patterns seen include microcystic, macrocystic, and pseu-
dopapillary. The finding of a pseudopapillary pattern is often
seen in the context of high-grade tumors that have begun to
outgrow their blood supply, resulting in cell dropout and
necrosis (Figure 1, D). The tumor cells in CCRCC are usually
cuboidal with a centrally or basally located nucleus. Many
cases of CCRCC—even those without frank sarcomatoid
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Figure 1.

differentiation—are heterogeneous microscopically with a
mixture of growth patterns, cytoplasmic features, and
nuclear grades seen in a single tumor (Figure 1, E). The
recommended grading system is that of Fuhrman et al*
which is based on nuclear size, nucleolar prominence, and
nuclear membrane irregularities.

At the molecular level, the genetic hallmark of CCRCC is
biallelic inactivation of the VHL tumor suppressor gene.'* To
some extent the central role of VHL inactivation in CCRCC
pathogenesis has been challenged in recent years.>?
Several studies®** have documented the potential role
of other tumor suppressor genes located on the short arm of
chromosome 3, namely, FHIT, PBRM1, and RASSF1A, in
CCRCC pathogenesis. Irrespective of which of these tumor
suppressor genes are genetic “drivers” of CCRCC patho-
genesis, all of them would require 2 genetic hits to have a
central role in tumor development. Thus, at the molecular
level, genetic alterations involving the p arm of both copies
of chromosome 3 in the region of the abovementioned
tumor suppressor genes should be present in CCRCC,
although which specific gene(s) in this chromosomal region
is(are) most important in CCRCC pathogenesis is a matter
of active investigation. For the purposes of this review, we
will focus on the role of VHL in CCRCC pathogenesis, since
the involvement of this gene has the greatest amount of
supporting evidence currently.

In sporadic CCRCC, genetic lesions involving VHL vary
and include complete or partial loss of chromosome 3,
somatic mutations, and VHL promoter hypermethylation,
which result in loss of function of the VHL gene product
pVHL.?*?® When not mutated or otherwise lost, pVHL
regulates cell signaling under normal oxygen tension by
targeting Hypoxia inducible factor-la (HIF-1a) for ubiqui-
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The spectrum of microscopic findings seen in clear cell renal cell carcinoma. A, Typical appearance with characteristic delicate blood
vessels, nested growth, and optically clear cytoplasm. B, High-grade cases often lack clear cytoplasm but the characteristic vasculature is maintained.
C, A classic finding is intratumoral hemorrhage resulting in a “bloody glands" appearance. D, In some cases a pseudopapillary growth pattern can be
seen, as shown in the left half of the picture. E, Many cases show a mixture of cells with clear cytoplasm (upper left) and cells with more eosinophilic,
granular cytoplasm (lower right). F, Carbonic anhydrase IX (CA9) usually shows diffuse membranous positivity (hematoxylin-eosin, original
magnifications X200 [A], X100 [B, and E and X40 [C and D]; X100 [F].

tin-mediated proteasomal degradation.®® HIF-lo is a
transcription factor that regulates expression of numerous
downstream target genes including vascular endothelial
growth factor (VEGF), platelet-derived growth factor B
(PDGFB), transforming growth factor a (TGFA), glucose
transporter 1 SLC2A1 (GLUT1), and carbonic anhydrase IX
(CA9), all of which are important in angiogenesis and for
maintaining cellular homeostasis under hypoxic condi-
tions.” When pVHL function is lost, the result is accumu-
lation of HIF-1a and increased transcription of downstream
HIF-regulated genes.®*° The mammalian target of rapa-
mycin (mTOR) pathway also appears to regulate HIF-1o
expression.*”?® The knowledge of the importance and
interdependence of the VHL/HIF and mTOR pathways in
CCRCC tumorigenesis served as the basis for the develop-
ment of several targeted therapies currently in use. Phase III
prospective randomized controlled trial evidence has shown
that the use of mTOR inhibitors (temsirolimus, everolimus)
and drugs aimed at VEGF and other downstream targets of
VHL/HIF (sorafenib, sunitinib) are effective in treating
metastatic CCRCC."°

There is no single marker that is specific for CCRCC and
therefore it is generally recommended that a panel of
markers be used if immunohistochemistry is necessary in a
given case.*” The exact panel one should use varies with the
differential diagnosis, and the immunohistochemical mark-
ers commonly used for the lesions discussed in this review
are summarized in the table below. It is important to note
that evaluation of both the presence and/or absence of
immunoreactivity, as well as the pattern of staining
(membranous, cytoplasmic, nuclear, diffuse, focal), are
critical when interpreting immunostain results in renal
neoplasms.
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Summary of Immunohistochemical Markers in Tumors With Clear Cytoplasm

Clear Cell TFE/MITF Adrenal

Clear Cell Papillary Chromophobe  Papillary  Translocation Epithelioid Cortical

RCC RCC RCC RCC Carcinoma Angiomyolipoma  Oncocytoma  Tumors
CA9 + —/42 - + —/4 — - —
AMACR —b + - - + = = -
CcD117 - - + - - - + -
CD10 + + —/+ —/+ —/+ - —/+ -
PAX8 + + + + + - - -
CK7 —b —/+ + + - - —° -
34BE12 - - - —/+ + - - -
TFE3 - - - - —/+ —/+ - -
TFEB - - - - —/+ - - -
EMA + + + + —b - + -
HMB-45 ND ND ND ND —/+ + ND -
Melan-A —b ND ND ND + + ND +
SMA - - - —/+¢ - + + -
Cathepsin K - - - ND + + — -
Synaptophysin - - - - — - - +
Inhibin —b - - - - - - +

Abbreviations: AMACR, o-methylacyl-coenzyme A racemase; CA9, carbonic anhydrase 1X; CK7, cytokeratin 7; EMA, epithelial membrane antigen;
ND, no published data; RCC, renal cell carcinoma; SMA, smooth muscle action; definition; +, positive labeling; —, negative labeling; —/+, variable

labeling.

2 Any tumor exhibiting necrosis can show membranous positivity in perinecrotic tissue.
® Negative in our experience but controversial, as cases with patchy and/or diffuse staining have been reported.

¢ Intratumoral stroma can be positive.

Of the stains we often use in difficult cases, the one we
most frequently rely upon to support a diagnosis of CCRCC
is CA9, a membrane-bound protein that functions in
intracellular and extracellular pH regulation and whose
expression is driven by hypoxia. In the case of CCRCC, CA9
expression is due to increased HIF-driven transcription that
is secondary to loss of pVHL function.®® The pattern of CA9
staining in CCRCC is membranous and typically diffuse
(Figure 1, F). This expression in CCRCC is usually
maintained even in cases with sarcomatoid differentiation.*
However, it is essential to interpret staining in the context of
morphology. One major pitfall of CA9 immunohistochem-
istry is that any tissue or tumor that is hypoxic or necrotic
can exhibit membranous labeling.*' This physiologic ex-
pression of CA9 is usually not diffuse in hypoxic tissue and
when microscopic necrosis is evident, membranous expres-
sion of CA9 is usually only present in tissue immediately
surrounding the areas of necrosis.* Problems with the use
of CA9 immunohistochemistry in the subtyping of renal cell
carcinoma typically arise in the 2 scenarios in which these
stains are most needed—situations with limited tissue, such
as needle core biopsies, and in large high-grade tumors,
which frequently exhibit necrosis. In these situations, the
use of a panel of immunohistochemical markers is essential
and frequently will help resolve these problems, as
highlighted in a recent study of needle core biopsies of
renal tumors.*

Papillary Renal Cell Carcinoma

Papillary renal cell carcinoma is the second most common
malignant renal tumor in adults, accounting for approxi-
mately 10% to 15% of malignant renal epithelial neo-
plasms.? Papillary architectural patterns in renal cancers
have been appreciated by pathologists since the 1800s.!
However, it was not until the 1970s, when the first case
series of these tumors was reported in the literature, that
momentum began to build to recognize PRCC as a distinct
entity.*> PRCC is less aggressive than CCRCC with
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metastases reported in 5% to 12% of patients.'”** In recent
years, PRCC has been divided into 2 subtypes on the basis
of cytoplasmic features, nuclear features, and the presence
or absence of nuclear pseudostratification.*® A 2005 study*®
suggested that PRCC can be further subdivided into 4
different morphologic categories, which correspond to 2
different molecular groups, based on gene expression
profiling data. However, the clinical significance of subtyp-
ing of PRCC has been challenged recently.*” Regardless of
these controversies and unresolved issues, 2 types of PRCC
are currently recognized in the World Health Organization
(WHO) classification, with type 2 tumors described as
behaving more aggressively and characterized by eosino-
philic cytoplasm, high nuclear grade, and nuclear pseudo-
stratification.>*>*® While clear cell cytoplasmic changes can
be seen in both type 1 and type 2 PRCC, in this review we
will focus primarily on type 1 PRCC—especially with regard
to morphologic details—as it is this subtype that is more
likely to exhibit clear cytoplasmic changes in our experience.

Papillary renal cell carcinoma is the most common
bilateral and multifocal renal cell carcinoma variant. These
tumors are typically well circumscribed and often have a
well-formed fibrous pseudocapsule. The gross color of
PRCC ranges from a dull-yellow to red-brown, depending
on the amount of foamy macrophages or the presence of
hemorrhage, respectively. Cystic change and necrosis are
also common findings. In fewer than 5% of cases
sarcomatoid differentiation is present, which usually man-
ifests grossly as a tan, fleshy quality to the tumor.® Again, in
tumors that are heterogenous grossly, the importance of
adequate tissue sampling to aid in arriving at the correct
microscopic diagnosis cannot be overemphasized.

At the microscopic level, type 1 PRCC can exhibit a wide
range of architectural patterns. While a papillary pattern
predominates in many cases and is usually present at least
focally in most cases, other architectural patterns include
tubular, solid, micropapillary, and glomeruloid. The papillae
in type 1 PRCC are characterized by a central fibrovascular
core that often contains a variable number of foamy
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Figure 2. Clear cytoplasm is almost always seen at least focally in type 1 papillary renal cell carcinoma, leading to possible diagnostic dilemmas or
to misinterpretations as a “mixed” tumor. A, A classic example with abundant foamy macrophages within the fibrovascular cores. Note the “pale” or
clear quality of the cytoplasm of the neoplastic cells. B, Solid growth and cytoplasmic clearing can also be seen; note the absence of the characteristic
blood vessels usually seen in clear cell renal cell carcinoma. C, In some cases with clear cytoplasmic features and papillary growth, foamy
macrophages are absent. D, Inmunohistochemistry for carbonic anhydrase IX (CA9) is usually perinecrotic (asterisk [*] indicates necrosis) or patchy
(hematoxylin-eosin, original magnifications X100 [A] and X200 [B and C]; original magnification X40 [D]).

macrophages. On occasion, there is a paucity of foamy
macrophages within the papillae and instead, the papillary
cores are dilated by edema fluid forming large cystic
structures that superficially resemble chorionic villi or
thyroid follicles. Other common findings include numerous
hemosiderin-laden macrophages, hemosiderin deposition
within tumor cells, and psammoma bodies. The cells of type
1 PRCC are generally cuboidal, with round to oval nuclej,
often with nuclear membrane irregularities, and small,
inconspicuous nucleoli. The cytoplasmic features of type 1
PRCC are variably described in literature as either ampho-
philic, “scant,” or “pale.” *>*8 These latter 2 adjectives have
likely been chosen very carefully in the literature to avoid
using the term clear to describe the cytoplasm. However, in
reality the cytoplasm of the neoplastic cells in PRCC is often
at least focally clear (Figure 2, A through C). The finding of
clear cytoplasm in an otherwise typical PRCC is well
recognized and was noted in the first reported series of
PRCC, in several large series of PRCC, and in major surgical
pathology textbooks.*192%434% Some observers have astutely
pointed out that even in PRCC cases with clear cytoplasm,
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the quality of the cytoplasm differs from that seen in
CCRCC in that it typically has a reticular or granular quality,
but this distinction is subtle®® In exceptional cases,
cytoplasmic clarity predominates throughout the tumor
and, in conjunction with either solid growth or a relative
paucity of papillae, can lead to diagnostic confusion.

We have seen many cases of type 1 PRCC with clear
cytoplasmic features that have been mistaken for CCRCC
and/or “mixed tumors”/unclassified renal cell carcinoma
(discussed below). Morphologically, cases of PRCC with
clear cytoplasmic features should lack the characteristic
vascular pattern seen in CCRCC and the distinctive
immunoprofile of CCRCC. It is worth emphasizing again
that cytoplasmic clarity in PRCC is not uncommon and that
“clear cell cytoplasmic features” does not equate to “clear
cell carcinoma differentiation” in these cases. The former
term simply refers to a morphologic finding (ie, cytoplasmic
clarity), and the latter term implies a combination of
morphologic findings and the concomitant molecular
changes associated with CCRCC. Recent studies of “renal
cell carcinomas with papillary architecture and clear cell
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components” and “renal cell carcinoma with mixed features
of papillary and clear cell cytomorphology” have shown that
PRCC with clear cytoplasmic features can usually be
accurately classified by using routine immunohistochemis-
try, which correlates well with the typical molecular features
of PRCC.>*?2

At the molecular level, sporadic PRCC is characterized by
gains of chromosomes 7 and 17 and losses of chromosome
Y, findings that distinguish PRCC from other renal
carcinoma subtypes.®*** While the recurrent gains of
chromosomes 7 and 17 have been useful in defining PRCC
as an entity, such large genetic changes are relatively
nonspecific for providing clues to tumor pathogenesis that
might be useful in developing targeted therapies. Relative to
CCRCC, much less is known about the details of specific
pathway activation in PRCC. Loss of heterozygosity
involving the short arm of chromosome 3 has been
documented in PRCC, as have occasional VHL mutations,
but the biallelic inactivation of VHL, which would be
required for a pathogenic effect, has not been demonstrat-
ed.®® Additionally, markers of HIF pathway activation are
typically negative in PRCC, suggesting that the cellular
mechanisms underlying this tumor type are different from
those seen in CCRCC.* These genetic differences likely
underlie the decreased response to sunitinib and other
targeted therapies seen in cases of metastatic PRCC.'"#
There was hope that the study of cases of inherited type 1
PRCC, which are due to activating germline mutations of
the c-MET oncogene, might provide insight into the inner
workings of sporadic PRCC. Unfortunately, these activating
mutations are uncommon outside of the syndromic setting,
being present in approximately 10% of sporadic type 1
PRCCs.%° Nonetheless, efforts are currently underway to
develop therapies that target the c-MET/hepatocyte growth
factor pathway, which may have a role in treating PRCC and
other malignancies in the future.®*

The most useful positive immunohistochemical stain in
supporting a diagnosis of PRCC is a-methylacyl-coenzyme
A racemase (AMACR), a protein involved in the metabolism
of branched chain fatty acids. Its utility as an immunohis-
tochemical marker was initially recognized in the evaluation
of prostate cancer in which AMACR is strongly expressed.®
Subsequently, AMACR was also noted to diffusely label
PRCC in a granular cytoplasmic fashion.®® It is now
recognized that AMACR can show positivity in tumors
from many different organs and in several different types of
renal tumors, including most MiTF/TFE family translocation
carcinomas, tubulocystic carcinomas, some collecting duct
carcinomas, most mucinous tubular and spindle cell
carcinomas, most acquired cystic disease—associated renal
cell carcinomas, and some high-grade urothelial carcinomas
of the renal pelvis.>*+%8 Despite this immunohistochemical
promiscuity, AMACR is useful in a panel of markers if the
differential diagnosis is PRCC versus CCRCC. AMACR
staining is often negative in CCRCC but it can be focally or,
rarely, diffusely positive in CCRCC.**3% For this particular
differential diagnosis, a panel including AMACR, CA9, and
cytokeratin 7 (CK7) is quite useful. While CK7 staining has
been described in CCRCC, this is an uncommon finding;
staining is usually patchy and centered around cystic areas
within a tumor.”” In contrast, most type 1 PRCCs will be
diffusely positive for CK7.”> The pattern of CA9 expression
in PRCC, which is patchy and often perinecrotic when
present, is usually easily distinguished from the diffuse
membranous pattern seen in CCRCC*#277 (Figure 2, D).
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Chromophobe Renal Cell Carcinoma

Of the 3 most common variants of renal cell carcinoma,
the chromophobe variant is the most recently recognized,
having initially been described by Thoenes et al” in the
1980s. There are 2 well-described variants of ChRCC—the
classic type and the eosinophilic type. Of these 2 types of
ChRCC, usually the classic type arises as a diagnostic
possibility when dealing with a renal tumor with cytoplas-
mic clarity. In fact, the morphologic overlap of ChRCC and
CCRCC was a point emphasized in many of the early
descriptions of this tumor type.”®”” In general, it is believed
that ChRCC has a better prognosis than CCRCC.”®” The
data regarding a difference in prognosis between PRCC and
ChRCC are less clear, with some studies suggesting ChRCC
is more indolent than PRCC and others showing no
difference in metastases or survival between these 2 tumor
types. 8081 Two recent large series™®” report that the
percentage of patients with ChRCC presenting with or
ultimately developing metastases is 6% to 12%.

Grossly, ChRCCs are typically light brown, well circum-
scribed, and unencapsulated. Generally, tumors that are
brown grossly tend to have more eosinophilic cytoplasmic
features microscopically. On occasion, these tumors can
have a central stellate scar mimicking the classic gross
appearance of an oncocytoma. Sarcomatoid differentiation,
which can be appreciated grossly as tan, soft, fleshy areas,
was once thought to be more common in ChRCC than
CCRCC and PRCC. However, the 2 largest reported series
of ChRCC have documented different rates of sarcomatoid
differentiation in these tumors, calling into question this
commonly held belief.”®” The mean size of ChRCC at the
time of surgery is 6.5 to 8.0 cm. Multifocal ChRCC is seen in
fewer than 10% of patients and bilaterally, in fewer than 5%
of cases.”®”

Chromophobe renal cell carcinoma in its classic form
often has an abundance of clear cells and in such cases the
differential diagnosis includes CCRCC (Figure 3, A and B).
Since the eosinophilic variant of chromophobe carcinoma is
typically not in the microscopic differential diagnosis of a
CCRCC, it will not be discussed in any detail here. Three cell
types have been described in classic cases of ChRCC:
polygonal cells with pale, reticulated cytoplasm and distinct
cell borders; smaller cells with eosinophilic cytoplasm; and
large cells with abundant foamy cytoplasm, which are often
described as “hydropic” in appearance. These 3 cell types
can be present in a given tumor in varying proportions, and
it is often cases that show a predominance of cells with pale
cytoplasm that cause a diagnostic dilemma. However,
several features, including distinct or “accentuated” cell
borders, perinuclear cytoplasmic clearing or “halos,” and
hyperchromatic wrinkled or “raisinoid” nuclei, are useful
morphologic features that favor a diagnosis of ChRCC.®
The perinuclear cytoplasmic clearing seen in ChRCC is due
to the presence of numerous 160 to 300-nm cytoplasmic
vesicles that displace the remaining organelles to the
periphery of the cell.”>% The typical growth pattern of
sheets of cells separated by incomplete vascular septae in
ChRCCs can be a useful finding in distinguishing these
tumors from CCRCCs, which classically have thin blood
vessels that completely envelope nests of tumor cells. Other
architectural patterns seen in ChRCC include nested,
alveolar, solid, tubular, cystic, and tubulocystic patterns.
Exceptional cases can exhibit a papillary architectural
pattern but this finding is uncommon.”
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Figure 3. Chromophobe renal cell carcinoma can have a predominance of clear cells. A, Note the incomplete vascular septae and prominent cell
borders. B, On occasion, cases can exhibit diffuse hemorrhage, mimicking the “bloody glands” appearance associated with clear cell renal cell
carcinoma (hematoxylin-eosin, original magnifications X100 [A and B]).

The molecular hallmark of ChRCC is loss of multiple
chromosomes including chromosome 1, 2, 6, 10, 13, 17, 21,
and Y.%*# While this general aneuploidy has been useful in
classifying these tumors to date, similar to PRCC, there has
been relatively little progress made in identifying potential
targets for molecular therapies in ChRCC. The Birt-Hogg-
Dubé (BHD) syndrome, a rare inherited genodermatosis
that predisposes affected individuals to development of
hamartomas of the skin, pulmonary cysts, and renal tumors,
seems like an ideal model system to study ChRCC
tumorigenesis.®® Unlike VHL syndrome, in which patients
develop CCRCC specifically, patients with BHD more
commonly develop multiple, bilateral oncocytic renal
tumors, many of which are ChRCCs.** The BHD syn-
drome-associated gene (FLCN) is located on chromosome
17 at locus 17p11.2 and functions as a tumor suppressor
gene.® The protein product of FLCN, known as folliculin,
has been shown in cell culture and coimmunoprecipitation
studies to interact with the mTOR pathway.®” To date,
however, studies in which FLCN mutational analysis was
performed on renal tumors believed to be sporadic have
failed to demonstrate any such alterations or, when
mutations have been identified, they have ultimately been
shown to be germline mutations.***' Studies evaluating
ChRCC for VHL inactivation and 3p losses have shown that
these tumors lack these changes and the subsequent
activation of the HIF pathway as seen in CCRCC.*® Thus,
the molecular rationale for treating these tumors with
currently available targeted therapies is lacking, possibly
explaining the decreased response rates seen in ChRCC
relative to CCRCC when such therapies are used.'*

In cases for which the differential diagnosis is ChRCC
versus CCRCC, molecular studies, such as fluorescence in
situ hybridization or electron microscopy, can be helpful.
However, these techniques are not readily available to most
practicing pathologists. Hale colloidal iron is a histochemical
stain that labels acid mucopolysaccharides present in the
cytoplasmic microvesicles of ChRCC. This stain will impart a
reticular cytoplasmic staining pattern in most cells when
applied to a classic ChRCC. In contrast, CCRCC will have a
negative staining profile or exhibit only focal staining.
Unfortunately, it is technically very difficult to perform this
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staining procedure and, thus, it is not of great utility for
most practicing pathologists. Fortunately, there are several
immunohistochemical stains that are useful in distinguish-
ing ChRCC from CCRCC. An immunohistochemical panel
that includes CA9, CD117 (c-kit), and CK7 is often very
useful. Of these, CD117 and CK?7 are frequently coexpressed
in a membranous fashion in ChRCC, while they show
negativity in most CCRCC. The staining profile with
carbonic anhydrase IX is negative in most ChRCCs and
when positive, it is usually patchy and seen in association
with necrosis.*?

Clear Cell Papillary Renal Cell Carcinoma

In the years since the publication of the 2004 WHO
classification of renal tumors, several novel renal tumor
types have been described. One such tumor, clear cell
papillary renal cell carcinoma (CpRCC), was initially
characterized in the setting of end-stage renal disease.®®
Subsequent studies described cases outside the setting of
impaired renal function and have confirmed the unique
morphologic, immunohistochemical, and molecular features
of CpRCC.7"3* These tumors appear to be fairly uncom-
mon in adults, with one large academic institution reporting
that approximately 1% of its renal cell carcinoma cases
during a 10-year period (n=632) fit the morphologic criteria
of CpRCC.* Interestingly, these tumors appear to be more
common in patients younger than 40 years.”® All cases of
CpRCC reported in the literature have been organ confined
and most have been low grade.”***%7? No metastases
from CpRCC have been reported to date, suggesting that
these tumors may be less aggressive than CCRCC, PRCC,
and ChRCC.

Grossly, CpRCC are generally small tumors that appear
encapsulated. They often exhibit cystic change to varying
extents. On occasion, these tumors can appear quite
sclerotic. The gross color varies from case to case but is
often described as white, red, or yellow. In the setting of
acquired cystic disease of the kidney, these tumors can be
multifocal. Cases of bilateral CpRCC have also been
described. Morphologically, the most distinctive feature of
CpRCC is the positioning of the nuclei away from the
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Figure 4. Clear cell papillary renal cell carcinoma is not currently recognized in the World Health Organization classification of renal tumors but has
very distinct morphologic and immunohistochemical findings. A, In exceptional cases a papillary architecture predominates. The characteristic
arrangement of the nuclei away from the basement membrane and supporting vasculature is the key diagnostic feature. B, Many cases exhibit a
predominantly tubular growth, but the typical positioning of the nuclei in such cases is maintained. C, Carbonic anhydrase IX (CA9) is usually
diffusely positive, with low-level expression and a basolateral labeling pattern (“cup shaped” staining) being characteristic of these tumors. D, Unlike
clear cell renal cell carcinoma, these tumors label diffusely and strongly for cytokeratin 7 (hematoxylin-eosin, original magnifications X40 [A] and

X200 [B and C; (X200 [D]).

basement membrane/supporting vasculature (Figure 4, A
and B). This imparts an appearance reminiscent of secretory
endometrium, papillary cystadenoma of the epididymis,
and/or fetal adenocarcinoma of the lung. This finding is
consistently present within these tumors, regardless of the
architectural growth pattern, which can be quite vari-
able.”*? Despite its name, clear cell papillary renal cell
carcinoma can be relatively devoid of papillary architecture,
and several studies have documented a tubular growth
pattern as a frequent occurrence in these tumors, leading
some to use the alternative nomenclature clear cell
tubulopapillary renal cell carcinoma.”** Other growth pat-
terns that have been described include cystic, alveolar/
nested, and retiform.” The tumor cells are characterized by
a moderate to abundant amount of optically clear cyto-
plasm, with the distinctive nuclear positioning described
above being the most characteristic feature. The Fuhrman
nuclear grade is usually low. These tumors frequently have a
fibrous capsule of variable thickness and often have
hyalinized or sclerotic stroma either focally or diffusely.
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Cases of CpRCC with smooth muscle metaplasia within
intratumoral stroma have been described and have engen-
dered some debate regarding distinction from the renal
angiomyoadenomatous tumors originally described by
Michal et al.’® Whether these 2 entities are related, or
perhaps even variants of the same tumor, is a matter of
ongoing discussion.”'%!

The increasing recognition and acceptance of CpRCC as a
unique entity is largely based on this tumor’s distinct or,
perhaps more accurately, lack of distinct molecular features.
Like many in the pathology community, we initially
believed CpRCC to simply be an unusual morphologic
manifestation of CCRCC. However, numerous stud-
ies”9¥192 have now shown that sporadic CpRCCs lack
VHL mutations, 3p25 deletions, hypermethylation of the
VHL promoter, and other recurrent copy number changes,
which are characteristic of typical CCRCC. Of the cases
reported to date, only 1 VHL mutation occurring in a
CpRCC arising in a patient with known VHL disease, and 1
case of loss of heterozygosity of the VHL locus have been
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described.”*?” Additionally, most CpRCCs lack the charac-
teristic gains of chromosomes 7 and 17 typically seen in
PRCC.7493102 Recent data in support of CpRCC as a unique
tumor type came in the form of a gene expression profile
meta-analysis of CCRCC reported by Brannon et al.'®
These investigators used bioinformatic tools to examine
several publicly available CCRCC gene expression profile
databases and were able to identify 3 distinct molecular
subgroups within cases that had been morphologically
classified as CCRCC. One of these groups—described as
cluster 3 in the study—corresponded to a VHL wild-type
pattern of gene expression and, from the images provided in
the article,'® morphologically appears to represent CpRCC.
This study highlights the fact that many CpRCCs were likely
diagnosed as CCRCC in the past, while also emphasizing
that these 2 tumor types are distinct at the molecular level.

In most cases the morphologic features of CpRCC are
unique enough to allow for distinction from CCRCC, based
on H&E-stained slides. In some cases, immunohistochem-
ical stains can be helpful, as CpRCC and CCRCC have
different immunoprofiles. Both CpRCC and CCRCC typi-
cally express CA9, but the former usually exhibits weak
expression, which is localized to the basal and lateral aspects
of the tumor cells, so-called cup-shaped expression”
(Figure 4, C). CD10 and 34BE12 show variable expression
in these 2 tumor types, with the former more frequently
positively expressed in CpRCC. Cytokeratin 7 appears to be
the most reliable marker for differentiating these 2 entities,
as it is nearly always diffusely, strongly positive in CpRCC
while only infrequently positive in CCRCC”7 (Figure 4, D).
In general, when CK7 labeling is present in a CCRCC, it is
focal or, at most, patchy and centered around cystic spaces.”
Expression of AMACR is usually negative in both of these
tumor types; thus, it is not of any use in this differential, but
it can be useful in cases of CpRCC if the alternate
consideration is PRCC. The typical immunoprofile of
CpRCC carcinoma can be summarized as CA94, CK7+,
AMACR—, CD10*", and 34BE12+4/—"+%

MITF/TFE Family Translocation-Associated Carcinoma

Renal cell carcinomas arising in pediatric patients with
translocations involving the X chromosome were initially
described in scattered case reports in the mid 1980s and
early 1990s.'941% However, it was not until Argani and
colleagues'® undertook a systematic study of unclassified
renal cell carcinoma cases and renal cell carcinoma cases
occurring in young patients, that the concept of renal
tumors with recurrent translocations as a distinct subset of
RCC began to crystallize.'® In the past 10 years, numerous
studies® %197 have validated the fact that renal cell
carcinomas with translocations involving the TFE3 gene
located at the Xp11.2 locus or the TFEB gene located at the
6p21 locus are a unique—albeit relatively rare—group of
renal malignancies. Initially described in children and young
adults, a recent series documented the occurrence of these
tumors in adults, with the oldest patient being 78 years
old.'® Recently, the umbrella term “MiTF/TFE family
translocation—associated carcinoma” has been proposed
for tumors that have translocations involving TFE3 or
TFEB." TFE3 and TFEB are transcription factors that belong
to the same family of transcription factors that includes
MIiTF. Tumors with t(6;11)(p12;q12) will have a resulting
fusion of TFEB and the Alpha gene, ultimately resulting in
nuclear expression of TFEB, which can be detected
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immunohistochemically."'*"" Similarly, tumors bearing a
translocation involving TFE3 and one of its many translo-
cation partner genes—which include ASPL, PRCC, PSF,
NoNo, CTLC, and several unknown genes—will overexpress
nuclear TFE3 at the protein level."*®"*? These immunohis-
tochemical findings are important given the occurrence of
these tumors in the adult population, as they morpholog-
ically overlap with CCRCC and PRCC. In general, translo-
cation-associated carcinomas tend to have clear cytoplasmic
features and they can exhibit a nested or alveolar growth
pattern (Figure 5, A and B). It has been reported that the
morphology of a MiTF/TFE translocation—associated carci-
noma will vary in accordance with the specific translocation
present, but there is a definite variability in morphologic
features from case to case. In particular, tumors with t(X;17)
resulting in an ASPL-TFE3 fusion have been reported to
commonly have abundant clear cytoplasm, while tumors
with t(X;1) resulting in a PRCC-TFE3 fusion have a tendency
to display a nested growth pattern.”®> TFE3 and TFEB
immunohistochemical stains are reported to be sensitive
and specific for a diagnosis of translocation-associated
carcinoma as long as the labeling is strong, diffuse, and
nuclear'®® (Figure 5, C). These immunostains are particularly
useful if the differential diagnosis includes CCRCC. It
should be mentioned that several studies have documented
TFE3 labeling in a subset of tumors in the perivascular
epithelioid cell neoplasm (PEComa) family and in alveolar
soft part sarcoma. In addition to TFE3 and TFEB immuno-
stains, which are not widely available, several other markers
can be useful in distinguishing these tumors from CCRCC.
Recently, cathepsin K, a protein whose expression is
mediated by MiTF, has been shown to be sensitive and
specific for differentiating translocation-associated carcino-
mas from CCRCC."* Additionally, translocation-associated
carcinomas are frequently negative or at most demonstrate
patchy positivity for cytokeratin and epithelial membrane
antigen (EMA), a finding that would be unusual in CCRCC
(Figure 5, D). Both translocation-associated renal cell
carcinomas and CCRCCs can express CD10 and CA9,
although labeling with CA9 is usually focal and patchy in
the former.'”® Finally, molecular studies demonstrating
rearrangement of TFE3 or TFEB by fluorescence in situ
hybridization or the presence of translocation-associated
gene fusion products by polymerase chain reaction tech-
niques can be helpful in this differential diagnosis.

The optimal therapy for MiTF/TFE family translocation—
associated carcinomas, which can be aggressive neoplasms,
has not yet been defined. We are not aware of any
systematic study of available targeted therapies for these
tumors. MiTF/TFE family translocation—associated carcino-
mas were recently shown to lack expression of HIF-1la
protein, suggesting that the VHL/HIF pathway is not
activated in these tumors and thus, there does not appear
to be a rational basis for using therapies aimed at
downstream targets of HIF.!'®

From rare cases reported in the literature, these tumors do
not appear to respond to immunotherapy, but robust data
on this topic are lacking.®> One possible target for future
therapies in these tumors is c-MET. Tumors bearing TFE3
gene fusions have been shown to overexpress c-MET at the
mRNA and protein levels.'**!” Furthermore, in vitro studies
of cell lines with a TFE3 gene fusion have shown growth
inhibition upon exposure to MET inhibitors.'!”
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Figure 5. An example of a TFE3-associated translocation carcinoma with clear cell features. A, Low-power examination reveals morphologic overlap
with clear cell renal cell carcinoma in this case. B, In some areas a nested growth pattern and hemorrhage are present. C, Diffuse strong nuclear
labeling for TFE3 is characteristic of these tumors. D, Negative or patchy labeling for epithelial membrane antigen (EMA)—which would be unusual
in other types of renal cell carcinoma—is often a helpful finding (hematoxylin-eosin, original magnifications X100 [A and B]; original magnifications
X100 [C and D]).

Epithelioid Angiomyolipoma

Angiomyolipomas (AMLs) belong to the broader group of
neoplasms known as perivascular epithelioid cell tumors or
PEComas. Most AMLs are sporadic but these tumors also
occur in the setting of tuberous sclerosis. Genetically, both
syndrome-related and sporadic AMLs are characterized by
alterations of the TSCI and/or TSC2 genes, the only
difference being that these alterations are germline in the
former and somatic in the latter.? In the classic triphasic
form, AMLs do not enter into the differential diagnosis of a
renal tumor with clear cytoplasmic features. However, an
uncommon variant of AML—known as epithelioid AML or
alternatively, pure epithelioid PEComa—often demonstrates
a nested growth pattern and variably clear cytoplasm (Figure
6). Angiomyolipomas account for approximately 1% of
surgically removed renal tumors. Pure epithelioid AMLs are
exceedingly rare, accounting for only a small fraction of all
AMLs, based on recent large series.>"®"° In most cases,
epithelioid features in an AML will coexist with areas of
classic triphasic AML. In cases lacking any typical features of
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an AML, thoroughly examining a tumor for the classic
vasculature of a CCRCC is probably the most reliable H&E
finding that can differentiate these tumors. In cases in which
immunohistochemistry is required, a panel that includes
cytokeratin and EMA (positive profile in most CCRCC), in
conjunction with HMB-45, cathepsin K, Melan-A, and
smooth muscle actin (positive profile in epithelioid AML), is
generally helpful.

The behavior of epithelioid AML is a matter of ongoing
debate, with some studies documenting high rates of
metastases and others suggesting that these tumors
infrequently behave aggressively."'®'?° Given the rarity of
this diagnosis, the treatment modalities for metastatic
epithelioid AML are understandably poorly defined. How-
ever, the knowledge of the role of TSCI and/or TSC2
silencing and downstream activation of the mTOR pathway
in these tumors has led to the empiric use of mTOR
inhibitors in treating metastatic cases, with some reported
dramatic responses.'*
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Figure 6. [n some cases of epithelioid angiomyolipoma there is a
superficial resemblance to clear cell renal cell carcinoma. The
vasculature in epithelioid angiomyolipoma is typically characterized
by thick-walled hyalinized vessels (hematoxylin-eosin, original magni-
fication X200).

Figure 7. Rarely, in renal oncocytomas one may see cytoplasmic
clearing as shown in this case. This is usually a focal finding that is
present in areas of stromal hyalinization (hematoxylin-eosin, original
magnification X100).

Unclassified Renal Cell Carcinoma

Unclassified RCC, in our opinion, is an underutilized
diagnosis. The WHO defines unclassified RCC as a tumor
with “...apparent composites of recognized types, sarco-
matoid morphology without recognizable epithelial ele-
ments, mucin production, mixtures of epithelial and stromal
elements, and unrecognizable cell types.”? In large series
this category accounts for approximately 6% of all RCCs." It
is important to emphasize that unclassified RCC is not a
specific entity but rather a collection of tumors with highly
variable morphologic features that defy current classification
but that with future research may be defined with more
specific criteria. The unclassified category of tumors includes
both highly aggressive tumors and others that appear to be
indolent.*!#1% There is considerable controversy, even
among expert genitourinary pathologists, regarding the
appropriate use of the term unclassified renal cell carcinoma.
Specifically, some genitourinary pathologists do not con-
sider tumors that are “apparent composites of recognized
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types” as unclassified but rather simply mixed tumors in
which different subtypes of RCC coexist. Herein we describe
our approach, which strictly follows the WHO definition,
when working up tumors that we consider unclassified.

When we are confronted with a difficult, potentially
unclassified carcinoma with clear cytoplasmic features, we
always use immunohistochemical stains. The carcinomas we
have ultimately diagnosed as unclassified lack the immu-
noprofiles of specific subtypes outlined in this review but do
express markers suggestive of renal tubular origin, such as
PAX8. Generally, unclassified cases we have seen in
consultation are more of the “unrecognized cell type”
variety and are PAX8 positive. At the Memorial Sloan-
Kettering Cancer Center, 20% of cases diagnosed as
unclassified renal cell carcinoma have clear cell features.’?
Unclassified cases we have seen with clear cytoplasmic
cytoplasmic change have lacked the characteristic immuno-
phenotype and the specific vascular pattern of CCRCC,
suggesting that the “clear cell features” seen in these cases
are not indicative of “clear cell renal cell carcinoma
differentiation.” In unclassified cases with clear cytoplasmic
features, we always have a discussion with the treating
physicians to emphasize that therapies directed at CCRCC
may not be appropriate or effective in such cases. In our
experience, tumors that are “apparent composites of
recognized types,” which by WHO criteria are unclassified,
are uncommon. In cases that truly consist of a mixture of
recognized subtypes that includes a bona fide CCRCC
component, based on morphologic, immunohistochemical,
and molecular findings, a diagnosis in which the percentage
of each subtype present is documented would be appropri-
ate, and such cases may benefit from CCRCC-directed
targeted therapies.

In the era of targeted therapies the unclassified category is
important for several reasons. First, in the setting of clinical
trials, rendering a diagnosis of unclassified RCC when
appropriate, rather than forcing a tumor into a specific
category, maintains the integrity of the trial. If the input into
a trial that has specific tumor-type criteria for enrollment is
heterogeneous, the conclusions and results of the entire trial
can be affected, which harms all current and future patients
with kidney cancer. Secondly, it prevents patients with
kidney cancer who have tumors with ambiguous morpho-
logic features from undergoing expensive targeted therapies
that can have serious side effects and which may not be
effective forms of therapy for that particular patient and
tumor. Finally, the unclassified category is fertile ground for
future research, as this group of tumors likely includes novel
tumor types that may hold important keys for understand-
ing, diagnosing, and treating kidney cancer.

Oncocytoma

Renal oncocytoma is almost never considered in the
differential diagnosis of a renal tumor with clear cytoplasm.
However, focal clear cell change in an oncocytoma is a
recognized phenomenon (Figure 7). A recent abstract by
Brunelli et al*** highlighted the finding of clear cells within
the fibrous areas of renal oncocytoma and showed that
these clear cells retain strong expression of CK7. The clear
cells in oncocytoma express CK7 and CD117, which
facilitates distinction from CCRCC. Theoretically, clear cell
change in an oncocytoma could be a problem when only a
small amount of tissue is available for diagnosis—such as in
a needle core biopsy—and serves to emphasize that in
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situations where only a small amount of tissue is available,
the consistent use of a panel of immunohistochemical
markers is prudent.

Adrenal Cortical Tumors and Tissue

The morphologic similarities between adrenal cortical
tissue/tumors and CCRCC are well documented and are the
historical basis for older terminology for CCRCC, such as
hypernephroma.* The difficulty of this particular differential
diagnosis is compounded by the close anatomic relationship
between the adrenal glands and the kidneys and by the fact
that on occasion one can observe intrarenal adrenal
tissue.'® Cases in which the adrenal glands are fused to
the external surface of the kidney (so-called renal-adrenal
fusion) have also been documented and can simulate a renal
mass clinically and radiographically.'® At the morphologic/
H&E level, the characteristic cytoplasmic features of adrenal
cortical cells—namely, the vacuolated, bubbly nature of the
cytoplasm—is probably the most helpful finding. In cases of
renal-adrenal fusion, examining the tissue for the typical
morphologic features of adrenal medullary cells can also be
helpful. In difficult cases, immunohistochemical stains such
as inhibin and synaptophysin, which show positivity in
adrenal cortical tissue and adrenal cortical tumors, can be
used. Immunohistochemical stains that would label CCRCC
and not adrenal cortical tissue/tumors include CA9, EMA,
and CD10.%
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