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Abstract: Primary renal neoplasms comprise multiple distinct
entities, some of which are well understood and others that are
not. It is not uncommon for some of these entities to have
overlapping morphologic features. Their clinical behavior is
varied, ranging from highly malignant to benign, and metastatic
renal cell carcinoma oftentimes enters into the differential di-
agnosis of tumors of unknown primary. In this age of person-
alized medicine, identifying biomarkers that can better predict
clinical outcome and response to therapy is a pressing need. In
2013 the International Society of Urological Pathology held a
meeting in which best practices recommendations on the use of
immunohistochemical markers in urologic malignancies were
discussed. In this review we make recommendations regarding
immunohistochemical markers that are best suited to aid in es-
tablishing a diagnosis of renal primary, panels of antibodies that
are most useful in classifying renal tumors, and the current
status of prognostic and predictive biomarkers. Although no
prognostic or predictive marker and set of markers have yet to
be validated, ongoing research suggests that this fact is likely to
change in the near future.
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enal cell neoplasms comprise a heterogenous group of

tumors that vary greatly in genetic composition as
well as clinical behavior and therapeutic response. Al-
though most have characteristic histologic features, some
may share morphologic similarities, at least focally. In
addition, high-grade and poorly differentiated tumors
may be difficult to classify on the basis of morphology
alone. This fact is true not only within the kidney but also
at metastatic sites. In these settings one must consider a
differential diagnosis that includes not only several renal
tumors but also tumors arising at other sites.

The purpose of the conference was to evaluate and

put forth best practice recommendations pertaining to 3
areas in which immunohistochemistry (IHC) can help in
the evaluation of renal neoplasms.
(1) Markers to establish the diagnosis of renal neoplasm

(site of origin).
(2) Markers to aid in the classification of primary renal

neoplasms.
(3) Prognostic and predictive markers in renal neoplasms.

In 2012, the International Society of Urological

Pathology (ISUP) met in Vancouver, BC, and the mem-
ber participants reviewed all aspects of the pathology of
adult renal tumors, including diagnostic and prognostic
biomarkers. What followed was a series of papers pub-
lished in the American Journal of Surgical Pathology in
October, 2013. The statements made therein represent the
consensus opinions of the participants. The present
document is not a duplication of that effort but rather a
contemporary review of the pertinent literature with
specific recommendations. Ultimately, the goal is to avoid
overutilization of biomarkers and to recommend panels
of analytes that focus on resolving specific diagnostic
problems.

MARKERS TO ESTABLISH THE DIAGNOSIS

OF RENAL NEOPLASM (SITE OF ORIGIN)
IHC is often utilized to establish the diagnosis of
metastatic renal cell carcinoma (RCC). However, the
sensitivity and specificity of a given marker for RCC is
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variable and depends upon multiple factors. These factors

include

(1) The subtype of RCC. Along these lines, a marker that
consistently detects the major subtypes of RCC that
metastasize (such as clear cell and papillary RCC
[PRCC])) is generally more useful than a marker that
preferentially detects less common subtypes that in-
frequently metastasize (such as chromophobe RCC and
mucinous tubular and spindle cell carcinoma [MTSC]).

(2) The grade of the RCC. Many markers, including
PAXS, show greater labeling in more differentiated,
low-grade RCC than in poorly differentiated, high-
grade RCC.

(3) The size of the specimen. The sensitivity of a marker
that labels only focally can be affected by specimen
size, particularly when one is dealing with a small core
biopsy or fine needle aspiration specimen.

(4) The specific antibody clone and the method of detection
used.

Although no single IHC marker is perfect, PAXS
(reviewed by Ordofiez!) is the most useful antibody for
establishing a diagnosis of metastatic RCC. PAXS is a
415 amino acid, 48 kDa transcription factor, which me-
diates development/maintenance of the kidney, thyroid,
and Miillerian systems. It is normally expressed diffusely
in the renal tubules, with preferential labeling of the distal
tubules, and shows patchy labeling of the renal pelvic
urothelium. Most of the published experience with PAXS
IHC is with the polyclonal antibody from Proteintech
(#10336-1-Ap) (Chicago, IL, which binds the 212 N-ter-
minal amino acids of PAXS8. However, this region in-
cludes 128 amino acids of a DNA-binding domain that is
common for all PAX transcription factors, which explains
the cross-reaction with other PAX proteins, which di-
minishes the specificity of the polyclonal PAX8 prepara-
tion. A newer monoclonal antibody to PAX8 (PAX8R1)
binds to the C-terminal amino acids 318-426 of PAXS,
which is highly divergent among PAX proteins and thus
should not cross-react with other PAX proteins. Con-
sistent with its pattern of expression in development,
PAXS consistently labels RCC, Miillerian neoplasms, and
thyroid neoplasms. A subset of urothelial carcinomas of
the renal pelvis (20%) labels for PAXS, as do Wolffian
duct lesions and thymic neoplasms. Endocrine neoplasms
such as pancreatic islet cell tumor and gastrointestinal
tract carcinoids often label for PAXS8 using the polyclonal
preparation; however, this reflects cross-reaction with
PAXG6.% B-cell lymphomas also label with the polyclonal
PAXS preparation; however, this represents a cross-re-
action with PAX5.3

PAXS is expressed in all RCC subtypes, with a sen-
sitivity of approximately 95%.4 This includes labeling of
sarcomatoid RCC, MTSC, and MiT-family translocation
RCC. PAX2 labels similarly to PAX8>7; however, PAXS is
generally a more sensitive marker,® and PAX2 is reportedly
negative in thyroid neoplasms in a small series.’

The utility of RCC marker antigen (RCCm), CD10,
and Ksp-cadherin is limited. RCCm detects a proximal
tubular antigen and demonstrates focal labeling in ap-
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proximately 80% of RCC.!%!! However, RCCm has no-
toriously poor specificity, in that it labels many other
carcinomas such as those of the breast, lung, colon, and
adrenal origin. There are specific situations in which it
may be useful, for example in differentiating clear cell
RCC (ccRCC) from clear cell carcinoma of the ovary.
PAXS would be positive in both tumors, whereas RCCm
would be positive only in the renal neoplasm.!? PAXS is
negative in adrenal cortical neoplasms, which preferen-
tially stain for steroid factor-1.12 CD10 is another prox-
imal tubular marker, which is highly sensitive but again
not at all specific for RCC, as lung, bladder, colon, and
ovarian carcinomas all label for CD10.!3 However, as
CDI10 fairly consistently labels ccRCC, the absence of
CD10 labeling in a metastatic lesion argues against this
diagnosis. Ksp-cadherin is a distal tubular marker which is
very sensitive for chromophobe RCC. However, the latter
rarely presents as a metastatic lesion, limiting the utility of
Ksp-cadherin.'* At least focal staining can also be seen in
other renal tumors, including high-grade ccRCC.

It should be noted that several commonly used but
highly effective IHC markers are almost always negative
in RCC. This includes the pulmonary marker TTF-1, the
intestinal marker CDX2, p63, prostate-specific antigen,
and estrogen receptor. Hence, labeling with any of these
markers is a strong argument against the diagnosis of
metastatic RCC.

ISUP Recommendations

e PAXS is the most useful IHC marker for establishing
the diagnosis of metastatic RCC. One can use IHC for
other markers such as estrogen receptor, CDX2,
prostate-specific antigen, TTF-1, GATA3, and p63 to
help exclude other carcinomas, including those that
also may label for PAXS8. The other IHC markers
currently in common practice (CD10, RCCm, Ksp-
cadherin) are supportive of metastatic RCC but usually
not indicated or useful.

MARKERS TO AID IN THE CLASSIFICATION
OF PRIMARY RENAL NEOPLASMS

The morphologies of most renal neoplasms are well
defined, and proper classification rarely requires ancillary
tests. However, the fact of the matter is that dozens of
entities exist, some of which have a spectrum of mor-
phologic findings that are either poorly defined or remain
controversial. Even within common tumors, high-grade
or poorly preserved areas may exhibit nonspecific features
that can be seen in other tumors. These features include
solid, cystic, tubular, sarcomatoid, rhabdoid, or papillary
growth, as well as cytoplasmic clearing, eosinophilia, or
basophilia, to name a few (Table 1). Dozens of antibodies
have been tested and published in peer-reviewed journals
and review articles.’>2! Unfortunately, the information
provided is no better than level II or III evidence, which
lacks validation studies. In addition, reports vary in the
type of antibody (monoclonal or polyclonal, antibody
clone) and methodology used, making comparison among
studies difficult. Having said this, experience has taught us
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TABLE 1. When to Use IHC in Evaluating Renal Tumors

Tumors with complex morphology
Papillary, solid, tubular, etc.
Suggestive of distal nephron origin
Solid, tubular, papillary, desmoplasia
Differential diagnosis of oncocytic tumors
When PEComa enters in the differential diagnosis
When MiTF/TFE tumors enter in the differential diagnosis
Tumors with clear cell features but unusual growth pattern
characteristics
Tumors with clear cell features and papillary growth
Carcinomas arising in young patients

when and how best to use these antibodies. These markers
should be used as a panel rather than singly, and the
panel utilized will depend on the differential diagnosis
being considered (Tables 2-6). Quantitative and qual-
itative assessment of the staining results is equally im-
portant. The recommendations we put forth are based on
original contributions published in peer-reviewed journals
as well as review articles and book chapters, which also
take into account the professional experience of the au-
thors. We include commercially available antibodies only.
It is important to note that there are limited data for the
application of these analytes on needle biopsies, cell
blocks, and fine needle aspirates.?>23

In neoplasms that are difficult to classify, we rec-
ommend paying close attention to areas of transition
between low-grade, well-differentiated areas of the tumor
and more pleomorphic areas; it is the former that will
provide the best clues on how to best classify the tumor
and where the IHC findings will more likely be in-
formative. Along these lines, additional sampling of the
gross specimen to uncover such areas may be more useful
(and more cost-effective) than a large battery of THC
markers. Finally, new THC markers and new clones of
established markers are continually entering the market,
and certainly some will complement or even supplant
some of the antibodies recommended in this publication.
As such, we recommend evaluating and refining diag-
nostic panels on a continuous basis, taking into account
additional information as it becomes available.

ISUP Recommendations

e When evaluating the published reports of any new
analyte, play close attention to the specific information
regarding the type of antibody and methodology used.

e Use antibodies in panels rather than singly.

e The panel should include only those that are relevant
for the differential diagnosis being considered.

e Quantitative and qualitative features of the stain
should be taken into account.

e If the IHC results are conflicting or inconclusive, a
diagnosis of unclassified RCC is appropriate.

e Panels will need to be adjusted as novel markers of
proven value enter the market.

TUMORS PREDOMINANTLY COMPOSED
OF CLEAR CELLS

Although ccRCC is the most common tumor in this
category, many others can contain clear cells, at least
focally but often diffusely.?’ It is important to keep in
mind that ccRCC is likely not to have entirely clear cy-
toplasm in high-grade areas (Fig. 1A). Table 2 highlights
other tumors that may contain abundant clear cells. It is
noteworthy that this list includes both epithelial-derived
and nonepithelial-derived tumors.

Carbonic anhydrase IX (CAIX) in a transmembrane
member of the carbonic anhydrase family of genes and has
a role in CO, transport and in regulation of pH. It is under
the regulation of the hypoxia-inducible factor, which is
invariably dysregulated in ccRCC. For this reason, CAIX is
characteristically overexpressed in these tumors diffusely
and in a membranous pattern (Fig. 1B). Staining is diffuse
in 75% to 100% and focal in up to 25% of cases.’* >’ For
the stain to be considered positive, only membranous and
not cytoplasmic staining should be taken into consid-
eration.’%>* Decreased expression may be seen in high-
grade, poorly differentiated tumors, although many will
retain the characteristic pattern of immunoreactivity.2>2
Immunoreactivity for this marker should not be evaluated
adjacent to areas of necrosis, as positive staining can be
seen in any tumor because of hypoxia. ccRCC will com-
monly express epithelial markers such as AE1/AE3, CAM
5.2, and epithelial membrane antigen (EMA). CK7 is rare
and then limited to isolated cells or cluster of cells in high-
grade tumors. CD10, a proximal tubule marker, is routinely
positive in ccRCC in a membranous distribution. However,
at least focal immunoreactivity may be seen in other
tumors, decreasing its utility. Given other options, it is
rarely required. Vimentin is positive in ¢ccRCC, more
intensely in high-grade areas, as well as in some high-grade
PRCCs. The fact that other high-grade renal tumors can
express at least focal vimentin positivity limits its utility in

TABLE 2. Tumors Composed Predominantly of “Clear” Cells

Tumor Type CA IX CK7 CD117 Cathepsin-K HMB-45
Clear cell RCC Positive, diffuse membranous Negative Negative Negative Negative
Clear cell PRCC Positive, cup-like Positive Negative Negative Negative
Chromophobe RCC, classic Negative Positive, Positive, Negative Negative
cytoplasmic  membranous
Epithelioid-AML Negative Negative Negative Positive, cytoplasmic Positive, cytoplasmic
MiTF-TFE tumors
Xpll family Variable but focal Negative Variable Positive (50%), cytoplasmic Negative
t(6;11) Variable but focal Negative Negative Positive, cytoplasmic Positive (always focal)
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TABLE 3. Tumors With a Significant Papillary Component

CAIX CK7 AMACR Cathepsin-K 34BE12 TFE3/TFEB
ccRCC with papillary growth Positive, membranous Negative Negative Negative Negative Negative
PRCC “type I” Negative Positive Positive Negative Negative Negative
PRCC “type 1I” Negative + Positive Positive Negative Negative Negative
Clear cell PRCC Positive, cup-like Positive, diffuse Negative Negative Negative Negative
MiTF-TFE trans-assoc Variable but focal Negative Positive Positive (50%) Negative Positive*

*Antibodies are difficult to standardize on automated platforms. FISH assays are more reliable.

difficult-to-classify cases.’> RCCm is a monoclonal anti-
body directed against a 200 kDa glycoprotein in the brush
border of the proximal renal tubules. Although it exhibits
cytoplasmic and membranous immunoreactivity in the
majority of ccRCCs and PRCCs, expression decreases with
increasing grade, and immunoreactivity can be seen in
other renal tumor types, limiting its discriminating abil-
ity.1517,3031

CAIX staining in clear cell papillary carcinoma is
very distinctive.213234 Although virtually all tumor cells
are positive, staining is limited to the cytoplasmic mem-
brane along the basal and lateral aspects of the cell, sparing
the luminal border (“cup-like” staining) (Fig. 2A). These
tumors exhibit diffuse immunoreactivity for CK7 but, un-
like the usual PRCC, lack staining for racemase (AMACR)
(Fig. 2B). Cytokeratin 34BE12 will be positive but is not
required in the panel when the differential diagnosis in-
cludes ccRCC and PRCC.?!

Chromophobe RCC does not express CAIX but
stains for CK7 and CDI117 (c-kit).?’ Although other
markers such as kidney-specific cadherin (Ksp-cadherin)
and parvalbumin are positive in chromophobe RCC and
rarely in other tumors that harbor clear cells, they serve
little added utility in resolving this differential diagnosis.>

Epithelioid angiomyolipoma (E-AML) is charac-
terized by immunoreactivity for HMB-45 and MART-1 as
well as cathe;asin-K, whereas epithelial markers and CAIX
are negative®37 (Figs. 3A—C). Cathepsin-K is a cysteine
protease expressed in osteoclasts. Microphthalmia tran-
scription factor (MiTF) activates genes associated with
melanin production and binds to selective elements in the
cathepsin-K promoter. Studies have shown that this
marker is expressed in all variants of PEComas of the
kidney, and the percentage of cells positive is greater than
that seen with HMB-45 and MART-1, which can be quite
variable.’” Unfortunately, cathepsin-K is not available in
most diagnostic laboratories; however, we strongly rec-
ommend its implementation.

A small percentage of renal tumors are associated
with translocations, and these commonly exhibit cyto-

plasmic clearing with solid, alveolar, or papillary growth
(Fig. 4A). Although more commonly seen in young pa-
tients, they may develop at any age. As a group they are
referred as MiTF-TFE translocation—associated carcino-
mas.?¥ 0 These tumors may express CAIX and epithelial
markers, although most are negative for these markers or
show focal immunoreactivity. Two thirds will be negative
for EMA and cytokeratin AE1/AE3, with the remainder
showing only focal and weak staining.*! These tumors fall
into 2 categories, those that harbor a translocation in-
volving Xpll with one of several possible fusion partners
and those with a translocation between chromosomes 6 and
11 (t[6;11]). The former express TFE3 protein, whereas the
latter stain for TFEB (Table 4 and Fig. 4B). However, these
antibodies, although commercially available, have shown to
be unreliable when used on automated platforms. The
consensus among most academic pathologists is that it is
much more reliable to use fluorescence in situ hybridization
(FISH) with specific break-apart probes to establish the
diagnosis with certainty. Unfortunately, highly validated
commercially available probes for TFE3 and TFEB are
lacking, with most laboratories designing and validating
probes internally. Melanoma-associated markers may be
present in 50% of TFEB and up to 15% of TFE3 tumors
(Fig. 4C). Cathepsin-K has been shown to be a valuable
assay in these tumors, with virtually all t(6;11) tumors
having diffuse cytoplasmic positivity and a subset of Xpl1
tumors, with the exception of t(X;17), having a similar
staining pattern.*?

ISUP RECOMMENDATIONS

e ccRCC can be distinguished from chromophobe RCC
using a panel that includes CAIX, CD117, and CK7

e ccRCC can be distinguished from clear cell PRCC
using a panel that includes CAIX, CK7, and racemase
(AMACR). Qualitative differences in CAIX staining
between the 2 entities are important to evaluate.

e ccRCC can be distinguished from E-AML using a
panel that includes CAIX and cathepsin-K. We suggest

TABLE 4. Solid PRCC Versus Metanephric Adenoma Versus Wilms Tumor

CK7 AMACR WT-1 CD57
Solid papillary Positive Positive Negative Negative
Metanephric adenoma Negative or isolated cells Negative Positive, nuclear Positive
Wilms Negative or isolated cells Negative Positive, nuclear Negative

€38 | www.ajsp.com

© 2014 Lippincott Williams & Wilkins



Am | Surg Pathol * Volume 38, Number 8, August 2014

Best Practices Recommendations in Application of IHC

TABLE 5. Tumors With Oncocytic Features*

CD117 CK7 Ksp-cadherin HMB-45 Cathepsin-K
Oncocytoma Positive, membranous Negative Positive Negative Negative
Chromophobe RCC, eosinophilic Positive, membranous Positive but variable + /—Positive Negative Negative
Oncocytic PRCC Negative Positive but focal Not known Negative Unknown
Oncocytic AML Negative Negative Negative Positive, focal Negative

Other Abs said to be differentially expressed on oncocytomas and chromophobe RCC.

Positive in oncocytoma, negative in chromophobe: SI00A1.

*Hale colloidal iron: Although a histochemical rather than an IHC stain, it can be useful in differentiating chromophobe carcinoma (cytoplasmic granular staining)
from oncocytoma (negative or luminal staining). However, this is a technically demanding stain and reliability is laboratory-dependent.

to include a wide-spectrum cytokeratin (AE1/AE3) or
EMA to document the presence or absence of epithelial
lincage. If the laboratory does not have cathepsin-K,
the melanoma-associated markers HMB-45 and MART-1
can be used.

e ccRCC can be distinguished from MiTF-TFE trans-
location—associated carcinomas using a panel of anti-
bodies that include cathepsin-K, TFE3, and TFEB. If
TFE3 and TFEB are inconclusive (only weak or patchy
nuclear staining or high background), FISH assays
should be performed.

e E-AML can be distinguished from MiTF-TFE trans-
location—associated carcinoma by nuclear expression
of PAXS in the latter and total absence of CAIX and
epithelial differentiation (AEI/AE3, EMA) in the
former.

TUMORS WITH A SIGNIFICANT PAPILLARY
COMPONENT

PRCCs have been subdivided into type 1 and type 2
tumors. It is fair to assume that type 1 tumors comprise
the majority of these neoplasms, and their morphology is
relatively well understood. Type 2 tumors, characterized
by multilayering of nuclei and cytoplasmic eosinophilia,
are poorly understood and as currently defined are likely
to encompass more than one entity. Although we include
this category in this review, some prefer to consider type 2
PRCC as a descriptive term. However, at the recent
consensus conference of the ISUP, a majority consensus
of participants advocated retaining this classification for

PRCC.*® It is possible that foci within a type 1 tumor can
closely mimic a type 2 PRCC.

Occasional ccRCC may have a papillary component,
but this is either a very focal finding or a high-grade tumor
with a pseudopapillary pattern of growth due to cell drop-
off. CAIX will be diffusely positive (membranous) in most
cases, whereas racemase and CK7 are negative (Table 3).2°
PRCC type 1 is classically diffusely immunoreactive for
CK7 and for racemase (AMACR) in a cytoplasmic dis-
tribution (Figs. 5A, B). Cathapsin-K, p63 (clone 4A4), and
TFE3/TFEB are negative.>’*> CAIX is usually negative,
but focal staining can be seen at the tips of the papillae. The
staining pattern for so-called type 2 PRCC can be more
variable. Whereas racemase (AMACR) is usually positive,
CK7 immunoreactivity is variable and is usually negative
(Figs. 6A, B). CAIX is also usually negative as is p63 (clone
4A4) and TFE3/TFEB.>"* Collecting duct carcinoma (CDC)
may occasionally contain a papillary component, although
rarely it does comprise the majority of the tumor. Tumor cells
exhibit high-grade nuclei arranged in nests and tubules em-
bedded in a fibrotic or desmoplastic stroma. These tumors
classically stain for CK7 and p63 (clone 4A4) but not CAIX,
TFE3, and TFEB. Racemase expression can be variable.

Some type 1 PRCCs are characterized mostly by a
solid pattern of growth, mimicking metanephric adenoma
and even highly differentiated epithelial-predominant
Wilms tumor (Table 4). Although close attention to
nuclear detail can help us solve this differential diagnosis,
a panel that includes CK7, racemase (AMACR), WT-1,
and CD57 is also useful.** Solid PRCC is immunoreactive
for CK7 and racemase but negative for WT-1 and CD57.
Alternatively, metanephric adenoma is only positive for

TABLE 6. Tumors With a Predominant Sarcomatoid Pattern of Growth*

Vimentin{ CAIX: PAX 8 CK7 34BE12 GATA3 P63
ccRCC Positive Positive, membranous Positive Negative Negative Negative Negative
PRCC Positive Negative Positive Focal or negative Negative Negative Negative
Chromophobe RCC Positive Negative Positive Positive Negative Negative Negative
MTSC Positive Negative Positive Positive Variable Negative Negative
Urothelial CA Positive +/—Negative Negative§ Positive Positive Positive Positive
Sarcoma Positive Negative Negative Negative Negative Negative Negative

*Stains should be performed in the better differentiated or most epithelioid areas.

FIn sarcomatoid component.

{Positive adjacent to necrosis or focal cytoplasmic in high-grade areas of various tumors.

§Positive in up to 20% of upper tract UC.

© 2014 Lippincott Williams & Wilkins
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FIGURE 1. Clear cell carcinoma. A, Transition between classic
low-grade and higher-grade areas, the latter exhibiting more
cytoplasmic eosinophilia and less prominent vascularity. B,
CAIX staining is diffuse and membranous staining is main-
tained throughout the lesion.

WT-1 and CDS57, whereas Wilms tumor expresses only
nuclear immunoreactivity for WT-1 and rarely isolated
cells with CK7 cytoplasmic positivity. Rarely will you
need to apply IHC to solve this differential diagnosis. A
more difficult problem is distinguishing type 1 PRCC
from MTSC, as some rare PRCCs are associated with a
cytologically bland spindle cell component, mimicking
MTSC.* No THC panel can reliably solve this differential
diagnosis. At least one publication has suggested that
centromeric FISH probes for chromosomes 7 and 17 can
reliably distinguish these tumors, but this fact remains to
be validated by others.*¢ It is undeniable that most type 1
PRCCs exhibit polysomy 7/17, but whether some MTSCs
can exhibit similar chromosomal gains is unsettled.

ISUP Recommendations

e Special attention should be paid to areas of the tumor
that transition from low grade to high grade. Proper
prosecting can help select key diagnostic areas.

e A panel that includes CAIX, CK7, and racemase
(AMACR) can discriminate between ccRCC with
papillary areas and PRCC. This same panel can be
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FIGURE 2. Clear cell PRCC. A, CAIX staining spares the lu-
minal border of the tumor cells (cup-like). B, Tumors cells
exhibit strong and diffuse CK7 cytoplasmic immunoreactivity.

used to distinguish ccRCC from true PRCC and clear
cell PRCC.

e Type 2 PRCC is likely a heterogenous group of tumors,
which usually stain for racemase but may exhibit
variable results with CK7, including total lack of
staining. Before this diagnosis is rendered, other specific
entities should be considered in the differential diagnosis.

e MITF/TFE translocation—associated carcinomas may
have a prominent papillary component. Cathepsin-K
shows diffuse immunoreactivity in most variants except
t(X;17), whereas epithelial markers are usually negative.
Antibodies directed toward the TFE3 and TFEB proteins
are highly specific but somewhat unreliable, so break-apart
FISH probes directed against these gene fusions are better.
A subset of these tumors will exhibit immunoreactivity
with melanocytic markers (HMB-45 and MART-1).

TUMORS WITH EXTENSIVE CYTOPLASMIC
EOSINOPHILIA

Although many renal tumors may exhibit some
degree of cytoplasmic eosinophilia, here we are referring

© 2014 Lippincott Williams & Wilkins
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FIGURE 3. E-AML. A, A hematoxylin and eosin stain reveals that the tumor has an alveolar pattern of growth, and the tumor cells
have abundant clear to granular cytoplasm. B, Strong cytoplasmic immunoreactivity for HMB-45. C, Strong and diffuse cyto-

plasmic staining for cathepsin-K.

to those cases in which renal oncocytoma enter in the
differential diagnosis (Table 5). A very common problem
confronted by pathologists is distinguishing between a
renal oncocytoma and an eosinophilic variant of chro-
mophobe RCC (Figs. 7A, B). Admittedly, most of these
cases can be resolved by careful examination of the
growth pattern characteristics, as well as nuclear and
cytoplasmic features.*’ The cells of renal oncocytoma will
exhibit membranous CD117 immunoreactivity, whereas
CK7 is negative or labels only single tumor cells, clusters
of cellsin a 7patchy distribution, or entrapped native renal
tubules.!>17:4 Chromophobe RCC will have similar im-
munoreactivity for CD117 but also expresses CK7 dif-
fusely in a membranous distribution. Unfortunately, the
eosinophilic variant of chromophobe RCC can have
either no or much fewer cells expressing this cytokeratin
(Figs. 8A, B). Ksp-cadherin is a cell adhesion glyco-
protein expressed in distal tubules of the nephron. Al-
though it is expressed in the majority of both oncocytoma
and chromophobe RCCs, it is predominantly cytoplasmic
in the former but membranous/cytoplasmic in the lat-
ter.!%3 Whether this marker is useful in distinguishing
tumors that are truly difficult to classify remains to be
proven; it is rarely needed in classifying classic cases.

© 2014 Lippincott Williams & Wilkins

S100A1 is a calcium-binding protein of the S100 gene
family, which has been shown to be differentially expressed
in renal oncocytomas and chromophobe RCC.**-3! Whereas
the majority of oncocytomas express the antigen in a nuclear
and cytoplasmic distribution, most chromophobe RCCs are
negative. This marker is also expressed in a large subset of
ccRCCs and PRCCs. The issue of SI00A1 staining in eosi-
nophilic variants of chromophobe RCC has been poorly
described in the literature but deserves further study. Claudin
7 and claudin 8 code for tight junction proteins located in
epithelial cells of the distal nephron. Several studies have
shown that they are differentially expressed in renal onco-
cytoma and chromophobe RCC, both qualitatively and
quantitatively.’>>* Once again, very little is known regarding
their discriminatory ability in truly difficult-to-classify tu-
mors, particularly the eosinophilic variant of chromophobe
RCC.

Although not an THC assay, much has been written
about the utility of Hale colloidal iron in distinguishing
oncocytomas from chromophobe RCCs.’* Indeed,
many experienced pathologists regard this histochemical
stain as the best marker in this setting. However, this
assay has not been easy to standardize in many labo-
ratories, and its staining characteristics in chromophobe
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FIGURE 4. TFE-B translocation—associated renal carcinoma. A, A hematoxylin and eosin stain reveals an acinar pattern of growth
and clear cytoplasm, easily mistaken from ccRCC. B, Strong and diffuse nuclear immunoreactivity for TFEB protein. When the stain
is strong and diffuse, correlation with FISH results is high. C, Cytoplasmic staining for the melanoma-associated marker MART-1.

Staining is usually focal or patchy rather than diffuse.

RCC with extensive cytoplasmic eosinophilia remains in
doubt. For those pathologists lucky enough to have ac-
cess to a dependable assay in their laboratory, Hale col-
loidal iron remains a useful diagnostic tool.

Oncocytic PRCC is a rare proposed variant of renal
carcinoma that has cytoplasmic eosinophilia but has a very
characteristic growth pattern with a luminal orientation to
the tumor nuclei.'’>!7 The expression pattern seen in these
tumors is similar to what is seen in type 1 PRCC, but ap-
plying THC stains to this tumor is rarely required, if ever.

Rarely renal AML may be composed entirely of
oncocytic epithelioid cells. A clue to the proper diagnosis
is the presence of occasional adipocytes within the renal
parenchyma and in close proximity to the eosinophilic
epithelioid cells.?”*} Focal melanocytic marker (HMB-45,
MART-1) expression will be present as will diffuse cath-
epsin-K labeling but not CD117 or CK7.

ISUP Recommendations

e Distinguishing oncocytoma from the eosinophilic
variant of chromophobe RCC is the most common
diagnostic challenge for which close attention to nuclear
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cytology and cytoplasmic features can be supplemented
by performing THC stains for CK7. Laboratories that
have Ksp-cadherin may find this marker useful, although
qualitative rather than quantitative differences in stain-
ing must be taken into account. S1I00A1 is potentially a
very useful marker, which needs further validation.

e Oncocytic PRCC is a rare diagnosis that does not
require IHC for proper classification.

e Oncocytic AML will express melanocytic markers and
cathepsin-K.

TUMORS WITH A PREDOMINANT
SARCOMATOID PATTERN OF GROWTH

A small but significant number of high-grade renal
epithelial neoplasms can exhibit a sarcomatoid pattern of
growth (Table 6). When this component is focal, proper
classification of the lesion is usually straightforward. How-
ever, if the sarcomatoid component comprises all or the
overwhelming majority of the tumor or if no clear cut tran-
sitions to lower-grade areas are present, then classification
will be challenging. Vimentin, a marker that has been
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FIGURE 5. PRCC, type 1. A, Strong and disuse staining for
CK7. B, Strong and diffuse granular cytoplasmic staining
racemase (AMACR).

associated with ccRCC, is of limited utility in this setting, as
many high-grade spindle cell epithelial neoplasms will express
this antigen, as will mesenchymal tumors. CAIX has been
reported to be positive in the majority of sarcomatoid
ccRCCs in a diffuse membranous pattern but not in other
RCC variants.>® It is important to keep in mind that for this
marker to be considered positive the pattern of expression
must be membranous, that immunoreactivity cannot be
evaluated adjacent to areas of necrosis, and that a sig-
nificant percentage of urothelial carcinomas, some of which
may exhibit sarcomatoid features, will also express CAIX.
In this scenario, it is likely that urothelial carcinoma will
also express urothelial markers such as GATA3, p63 (clone
4A4), cytokeratin 34BE12, and thrombomodulin.*’> PAXS8
is universally expressed in all epithelial tumors of renal
origin but also in up to 20% of urothelial carcinomas
originating in the renal pelvis. The epithelial cells lining the
cystic component of renal monophasic synovial sarcomas
will express PAX2 and PAXS as well.”’

Leiomyosarcoma is the most common primary renal
sarcoma, but even this tumor is extremely rare. It is more
common for sarcomas to secondarily involve the kidney,
either by metastasis or by direct extension. As expected,
sarcomas that secondarily involve the kidney are those that
arise in the retroperitoneum, mostly liposarcoma or leio-

© 2014 Lippincott Williams & Wilkins
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FIGURE 6. PRCC, type 2. A, Weak and variable staining for

CK7. B, Strong and diffuse granular cytoplasmic staining for
racemase (AMACR).
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myosarcoma. Both tumors, including the dedifferentiated
form of liposarcoma, may mimic sarcomatoid carcinoma.
MDM?2 and CDK4 should be positive in a nuclear dis-
tribution in liposarcoma, whereas actin and desmin should
de positive in leiomyosarcoma. Both tumors should be
negative for epithelial markers PAX8 and CAIX.

ISUP Recommendations

e Careful prosecting and attention to areas of morpho-
logic transition can aid in establishing a proper
diagnosis and choosing the most appropriate section(s)
to perform ancillary studies.

e Vimentin and PAXS8 are unlikely to contribute
significantly to the diagnosis, although PAXS8 can
narrow down the diagnosis to either renal or urothelial
origin, ruling out metastatic disease.

e In combination with other markers, CAIX may help in
classifying a tumor as a ccRCC, but interpretation
must be performed carefully.

e Traditional markers of urothelial lineage but not PAXS8
can help identify a sarcomatoid urothelial carcinoma.

e If sarcoma enters in the differential diagnosis, the
possibility of leiomyosarcoma and dedifferentiated lip-
osarcoma can be ruled out by performing appropriate
stains.

www.ajsp.com | €43



Reuter et al

Am | Surg Pathol * Volume 38, Number 8, August 2014

C 9

FIGURE 7. Renal tumor with cytoplasmic eosinophilia. A, Hematoxylin and eosin stain reveals an oncocytic tumor in which the
nuclear irregularity and solid growth do not support oncocytoma, whereas the cytoplasm has no evidence of perinuclear clearing.
B, CD117 is diffusely positive, which can be seen in either tumor. C, CK7 is limited to isolated cells, which supports neither
diagnosis. Cases such as this are usually classified descriptively as “renal oncocytic neoplasm, type unclassified.”

TUMORS WITH MORPHOLOGY SUGGESTIVE OF
THE DISTAL NEPHRON ORIGIN (COLLECTING
DUCT AND MEDULLARY CARCINOMA)

“Distal nephron-like carcinomas” is a descriptive
term, which includes tumors with overlapping histology
(Table 7). Classic examples include CDC and medullary
carcinoma, wherein tumors are invariably high grade,
have a solid, tubular or papillary growth, and are asso-
ciated with some level of stromal reaction and inflamma-
tory infiltrate. Other tumors that fit in this category
include those with a predominant papillary growth, high
nuclear grade, highly infiltrative growth, and stromal
fibrosis. In our experience, when high-grade PRCC,
CDC, and medullary carcinoma enter into the differential
diagnosis, most cases end up being placed in the
“unclassified” category. The possibility of urothelial car-
cinoma arising in the renal pelvis should always enter in
the differential diagnosis of tumors with this morphologic
spectrum. Sickle cell trait or some other type of hemo-
globinopathy (such as hemoglobin SC) is present in pa-
tients with medullary carcinoma but is not a feature of
other renal or urothelial tumors. The SMARCBI/INI-1
gene is a member of the SWI/SNF chromatin remodeling
complex. BAF47 is an antibody directed at the product of
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this gene, the loss of expression of which is characteristic
of medullary carcinoma.’® % Whereas INI-1 loss is seen
in 100% of medullary carcinoma, it has also been re-
ported in 15% of CDC (Figs. 9A, B). Given the difficulty
in establishing a diagnosis of CDC, this result remains to
be validated. Alternatively, whether all medullary carci-
nomas must be associated with sickle cell trait or some
other hemoglobinopathy remains controversial. Recent
unpublished data suggest that the stem cell transcription
factor OCT4 is selectively overexpressed in medullary
carcinomas. Once again, this result requires validation, as
overexpression has been described in a host of high-grade
primitive tumors.

PAXS8 cannot be used in resolving this differential
diagnosis, as it will be expressed in up to 20% of upper
tract urothelial carcinomas and all tumors arising from
renal tubular epithelium.** GATAS3 belongs to the GATA
family of transcription factors and has a role in cell dif-
ferentiation and proliferation in many tissues and cell
types. It is expressed in most urothelial but not renal
epithelial tumors®-%2 (Figs. 10A, B). Cytokeratins are
differentially expressed in these tumors, but we find them,
for the most part, unreliable in any given case. All tumors
discussed in the section can express immunoreactivity for

© 2014 Lippincott Williams & Wilkins
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FIGURE 8. Eosinophilic variant of chromophobe RCC. A,
Clusters of tumor cells with classic nuclear and cytoplasmic
features are surrounded by more densely eosinophilic cells
with degenerating nuclei. B, CK7 is preferentially positive in
the classic chromophobe RCC areas.

CK7. Cytokeratin 34BE12 is positive in most urothelial
tumors and also in a subset of CDC but not in medullary
carcinoma. P63 (clone 4A4) immunoreactivity is a feature
of urothelial tumors but not CDC or medullary carcino-
ma. Of course, any high-grade carcinoma can have a
small percentage of cells with immunoreactivity to any
given intermediate filament.

ISUP Recommendations

e CDC, on the basis of limited data, can be distinguished
from medullary carcinoma using a panel that includes
INI-1 and OCT4, taking into consideration the clinical

TABLE 7. “Distal Nephron-like” Carcinomas
Collecting Duct Ca  Medullary Ca

Urothelial Ca

IN-1/BAF47 Retained* Lost Retained
OCT4 Negative Positivet Negative
GATA3 Negative Negative Positive

PAXS Positive Positive Negative}

*One study reports 15% of CDC with INI-1 loss.
TUnpublished data.
120% positive.
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FIGURE 9. Medullary carcinoma of the kidney. A, Hemato-
xylin and eosin stain demonstrating high-grade tumor cells
associated with stromal fibrosis and an inflammatory infiltrate.
This pattern can be seen in collecting duct and urothelial
carcinomas as well. B, INI-1 loss as demonstrated by lack
of nuclear staining in the tumor cells, with surrounding
endothelial and stromal cells retaining expression.

history of sickle cell trait. Cytokeratin 34BE12 may be
expressed in CDC but not in medullary carcinoma.

e Urothelial carcinoma can be distinguished from both
CDC and medullary carcinoma using a panel that
includes GATA3 and p63 (clone 4A4).

RCC, UNCLASSIFIED TYPE

By definition this category of renal tumors is not an
entity but rather a diagnosis of doubt. It was added in the
2004 World Health Organization classification of renal
neoplasms as a placeholder for tumors that do not fit into
any of the other categories, despite our best efforts.!>17:43
As such, there is no specific panel of IHC markers that
characterize this group. In fact, it is expected that these
cases have been submitted to a large battery of stains in
an attempt to arrive at a more specific diagnosis. We
cannot recommend a specific panel of antibodies to be
used; the stains used will depend on which entities
are being considered in the differential diagnosis. For
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FIGURE 10. Urothelial carcinoma of the renal pelvis involving
renal parenchyma. A, Hematoxylin and eosin stain showing a
high-grade carcinoma with stromal fibrosis. B, Diffuse nuclear
immunoreactivity for GATA3.

example, if the lesion is an oncocytic renal neoplasm in
which the morphology is neither classic oncocytoma nor
an eosinophilic variant of chromophobe RCC, the ap-
propriate panel may include CD117, CK7, S100A1, and
Hale colloidal iron (Table 5). If the tumor has high-grade
nuclear features, voluminous reticulated cytoplasm, and a
solid/alveolar growth, the panel should include markers
to rule out ccRCC, MiTF-TFE translocation—associated
carcinoma, and E-AML (Table 2). The category of un-
classified RCC should not be used until all efforts to
classify the tumor definitively have been exhausted. At
the very least, renal epithelial origin should be established
(PAXS) in cases of poorly differentiated tumors, and
some attempt should be made to predict the level of ag-
gressiveness of the tumors, on the basis of standard
morphologic parameters.

ISUP Recommendations

e This category should only been used when all efforts to
place the tumor into a distinct entity have been
exhausted or when the immunophenotype is entirely
at odds with the morphologic impression.

€46 | www.ajsp.com

e The antibody panel performed will depend on the
entities being considered in the differential diagnosis.

PROGNOSTIC AND PREDICTIVE MARKERS
IN RCC

Over the last 3 decades investigators have evaluated
and in some cases proposed multiple markers as having
prognostic or predictive value in renal cancer.%>%7 How-
ever, most of these studies are retrospective, contain small
number of cases with limited annotated clinical data, and
lack subsequent validation studies. As such, no marker or
sets of markers have yet to emerge as reproducible and of
clinical utility in predicting disease progression or re-
sponse to therapy. Given the pace of genomic discovery
and molecular pathway—driven clinical trials that are be-
ing performed, this is likely to change in the near future,
as it has in adenocarcinomas of the lung, breast, mela-
noma, and hematopoietic neoplasms.

In recent years, we have gained a significant amount
of insight into the molecular pathways involved in renal
carcinoma, particularly ccRCC. This infusion of data has
grown exponentially in the last few years, because of the
work of International Genomics Consortium, The Cancer
Genome Atlas, and multiple other research collabo-
rations.%%% It is expected that follow-up studies focusing
on molecular-clinical correlations will yield new tools to
aid in predicting outcome and response to therapy.’% 74
These studies have revealed additional recurrent muta-
tions involving several chromatin remodeling and histone
modifying genes, all of which reside on chromosome 3p,
similar to the vAl gene.”> 80 Tumors that harbor PBRM I
mutations are the most common, and its presence predicts
for extrarenal extension (pT3a) in small renal masses,
although it does not appear to predict an adverse clinical
outcome. Mutations to SETD2 and BAP-1 have been
associated with high Fuhrman grade and worse clinical
outcome.”® 80 Unfortunately, validated antibodies used
on an automated platform in a CLIA laboratory have yet
to be described, although the clinical utility of loss of
BAP-1 expression appears to be very promising in pre-
dicting an adverse outcome, even in apparent low-risk
disease. It must be stated that virtually all of the studies
mentioned here apply to ccRCC, with virtually no strong
data available for other types of renal tumors.

It is known that the vHL pathway is inactivated in
virtually all ccRCCs, either by chromosomal loss, muta-
tion, or epigenetic mechanisms. The end result is in-
activation of the vVHL complex resulting in activation of the
hypoxia-inducible factor pathway and upregulation of
downstream molecules, such as CAIX, and vascular en-
dothelial growth factor (VEGF), among others.%:68:6?
Many of these molecules have a role in tumor initiation and
growth. In addition, data from the Cancer Genome Atlas
demonstrate that up to 28% of ccRCCs have alterations of
the PI(3)K pathway, including 6% with activating muta-
tions of mTOR. Given these findings, it is understandable
that inhibitors of VEGF and mTOR have shown
therapeutic efficacy in patients with advanced ccRCC,
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prolonging disease-free survival but not overall surviv-
al.7%71.74 There are no THC markers targeting this pathway
that can predict response, with one possible exception. As
previously mentioned, CAIX is constitutively expressed in
ccRCC.89-85 Some authors have suggested that decreased
expression in the primary tumor predicts poor survival,
whereas tumors that express the marker in >85% of cells
are more likely to respond to IL-2 therapy and to mTOR
inhibitors. These data remain controversial and have yet to
be validated in prospective trials.

Markers that look at cell cycle progression (p53,

Ki-67) have been shown to correlate with adverse out-
come.®%87 However, it is unclear how much they add to
grade, stage, and clinical performance status and are not
used clinically to determine therapy.

ISUP Recommendations

10.

11.

There are no markers or sets of markers ready for
routine clinical use.

Novel markers have been recently described that are
associated with high-risk pathologic features and
disease progression. However, these should not be
used routinely until further clinical and technical
validation is performed.

REFERENCES

. Ordofiez NG. Value of PAX8 immunostaining in tumor diagnosis: a

review and update. Adv Anat Pathol. 2012;19:140-151.

. Lorenzo PI, Jimenez Moreno CM, Delgado I, et al. Immunohis-

tochemical assessment of Pax8 expression during pancreatic islet
development and in human neuroendocrine tumors. Histochem Cell
Biol. 2011;136:595-607.

. Moretti L, Medeiros LJ, Kunkalla K, et al. N-terminal PAXS8

polyclonal antibody shows cross-reactivity with N-terminal region
of PAXS and is responsible for reports of PAX8 positivity in
malignant lymphomas. Mod Pathol. 2012;25:231-236.

. Sangoi AR, Karamchandani J, Kim J, et al. The use of immuno-

histochemistry in the diagnosis of metastatic clear cell renal cell
carcinoma. Adv Anat Pathol. 2010;17:377-393.

. Ozcan A, Zhai J, Hamilton C, et al. PAX-2 in the diagnosis of

primary renal tumors: immunohistochemical comparison with renal
cell carcinoma marker antigen and kidney-specific cadherin. Am J
Clin Pathol. 2009;131:393-404.

. Sharma SG, Gokden M, Mckenney JK, et al. The utility of PAX-2

and renal cell carcinoma marker immunohistochemistry in distin-
guishing papillary renal cell carcinoma from nonrenal cell neoplasms
with papillary features. Appl Immunohistochem Mol Morphol.
2010;18:494-498.

. Ozcan A, Zhai J, Hamilton C, et al. PAX-2 in the diagnosis of

primary renal tumors: immunohistochemical comparison with renal
cell carcinoma marker antigen and kidney specific cadherin. Am J
Clin Pathol. 2009;131:393-404.

. Sangoi AR, Fujiwara M, West RB, et al. Immunohistochemical

distinction of primary adrenal cortical lesions from metastatic
clear cell carcinoma: a study of 248 cases. Am J Surg Pathol.
2011;35:678-686.

. Zhai QJ, Ozcan A, Hamilton C, et al. PAX-2 expression in non-

neoplastic, primary neoplastic, and metastatic neoplastic tissue: a
comprehensive immunohistochemical study. App! Immunohistochem
Mol Morphol. 2010;18:323-332.

Bakshi N, Kunju LP, Giordano T, et al. Expression of renal cell
carcinoma antigen (RCC) in renal epithelial and nonrenal tumors:
diagnostic implications. Appl Immunohistochem Mol Morphol.
2007;15:310-315.

McGregor DK, Khurana KK, Cao C, et al. Diagnosing primary and
metastatic renal cell carcinoma: the use of the monoclonal antibody

© 2014 Lippincott Williams & Wilkins

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

“renal cell carcinoma marker”. Am J Surg Pathol. 2001;25:
1485-1492.

. Clayton EF, Zoiber A, Yao Y, et al. Malignant tumors with clear

cell morphology: a comparative immunohistochemical study with
renal cell carcinoma antibody, Pax8, steriogenic factor 1 and
brachyury. Ann Diagn Pathol. 2013;17:192-197.

. Chu P, Arber DA. Paraffin-section detection of CDI0 in 505

nonhematopoietic neoplasms. Frequent expression in renal cell
carcinoma and endometrial stromal sarcoma. Am J Clin Pathol.
2000;113:374-382.

. Kuehn A, Paner GP, Skinnider BF, et al. Expression analysis of

kidney-specific cadherin in a wide spectrum of traditional and newly
recognized renal epithelial neoplasms: diagnostic and histogenetic
implications. Am J Surg Pathol. 2007;31:1528-1533.

. Truong LD, Shen SS. Immunohistochemical diagnosis of renal

neoplasms. Arch Pathol Lab Med. 2011;135:92-109.

. Zhou M, Roma A, Magi-Galluzzi C. The usefulness of immuno-

histochemical markers in the differential diagnosis of renal neo-
plasm. Clin Lab Med. 2005;25:247-257.

. Skinnider BF, Amin MB. An immunohistochemical approach to the

differential diagnosis of renal neoplasms. Semin Diagn Pathol.
2005;22:51-68.

. Shen SS, Truong LD, Scarpelli M, et al. Role of immunohisto-

chemistry in diagnosing renal neoplasms. When is it useful? Arch
Pathol Lab Med. 2012;136:410-417.

. Tan PH, Cheng L, Rioux-Leclercq N, et al. Renal tumors: diagnostic

and prognostic markers. Am J Surg Pathol. 2013;37:1518-1531.
Reuter VE, Tickoo SK. Differential diagnosis of renal tumors with
clear cell histology. Pathology. 2010;42:374-383.

Tickoo SK, Reuter VE. Differential diagnosis of tumors with
papillary architecture. Adv Anat Pathol. 2011;18:120-132.
Al-Ahmadie HA, Alden D, Fine SW, et al. Role of immunohis-
tochemistry in the evaluation of needle core biopsies in adult renal
tumors; an ex-vivo study. Am J Surg Pathol. 2011;35:949-961.
Flezar MS, Gutnik H, Jeruc J, et al. Typing of renal tumors by
morphological and immunohistochemical evaluation of fine needle
aspirated. Virchows Arch. 2011;459:607-614.

Al-Ahmadie HA, Alden D, Qin L-X, et al. Carbonic anhydrase IX
expression in clear cell renal cell carcinoma. An immunohistochem-
ical study comparing 2 antibodies. Am J Surg Pathol. 2008;32:
377-382.

Genega E, Ghebremichael M, Najarian R, et al. Carbonic anhydrase
IX in renal neoplasms. Correlation with tumor type and grade. Am J
Clin Pathol. 2010;134:873-879.

Bing Z, Lal P, Lu S, et al. Role of carbonic anhydrase IX,
a-methylacyl coenzyme a racemase, cytokeratin 7, and galectin-3
in the evaluation of renal neoplasms: a tissue microarray immuno-
histochemical study. Ann Diagn Pathol. 2013;17:58-62.

Stillebroer AB, Mulders PFA, Boerman OC, et al. Carbonic
anhydrase IX in renal cell carcinoma: implications for prognosis,
diagnosis and therapy. Eur Urol. 2010;58:75-83.

Gupta R, Balzer B, Picken M, et al. Diagnostic implications of
transcription factor Pax 2 protein and transmembrane enzyme
complex carbonic anhydrase IX immunoreactivity in adult renal
epithelial neoplasms. Am J Surg Pathol. 2009;33:241-247.

Donato DP, Johnson MT, Yang X, et al. Expression of carbonic
anhydrase IX in genitourinary and adrenal tumours. Histopathol-
ogy. 2011;59:1229-1239.

Wang H-Y, Mills SE. KIT and RCC are useful in distinguishing
chromophobe renal cell carcinoma from granular variant of clear
cell renal cell carcinoma. Am J Surg Pathol. 2005;29:640—646.
Avery AK, Beckstead J, Renshaw AA. Use of RCC and CD10 in the
differential diagnosis of renal neoplasms. Am J Surg Pathol. 2000;
24:203-210.

Rohan SM, Xiao Y, Liang Y, et al. Clear-cell papillary renal cell
carcinoma: a molecular and immunohistochemical analysis with
emphasis on the von Hippel-Lindau gene and hypoxia-inducible
factor pathway-related proteins. Mod Pathol. 2011;24:1207-1220.
Aydin H, Chen L, Cheng L, et al. Clear cell tubulopapillary renal
cell carcinoma: a study of 36 distinctive low-grade epithelial tumors
of the kidney. Am J Surg Pathol. 2010;34:1608-1621.

www.ajsp.com | €47



Reuter et al

Am | Surg Pathol * Volume 38, Number 8, August 2014

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Williamson SR, Eble JN, Cheng L, et al. Clear cell papillary renal
cell carcinoma: differential diagnosis and extended immunohisto-
chemical profile. Mod Pathol. 2013;26:697-708.

Adley BP, Gupta A, Lin F, et al. Expression of kidney-specific
cadherin in chromophobe renal cell carcinoma and renal oncocy-
toma. Am J Clin Pathol. 2006;126:79-85.

Martignoni G, Gobbo S, Camparo P, et al. Differential expression
of cathepsin K in neoplasms harboring TFE gene fusions. Mod
Pathol. 2011;24:1313-1319.

Martignoni G, Bonetti F, Chilosi M, et al. Cathepsin K expression
in the spectrum of perivascular epithelioid cell (PEC) lesions of the
kidney. Mod Pathol. 2012;25:100-111.

Argani P, Lal P, Hutchinson B, et al. Aberrant nuclear immunor-
eactivity for TFE3 in neoplasms with TFE3 gene fusions. A sensitive
and specific immunohistochemical assay. Am J Surg Pathol.
2003;27:750-761.

Argani P, Hicks J, De Marzo A, et al. Xpll translocation renal
cell carcinoma (RCC): extended immunohistochemical profile
emphasizing novel RCC markers. 4m J Surg Pathol. 2010;34:
1295-1303.

Argani P, Laé¢ M, Hutchinson B, et al. Renal carcinomas with the
t(6;11)(p21;q12). Clinicopathologic features and demonstration of
the specific Alpha-TFEB gene fusion by immunohistochemistry,
RT-PCR, and DNA PCR. 4m J Surg Pathol. 2005;29:230-240.
Camparo P, Vasiliu V, Molinie V, et al. Renal translocation
associated carcinomas: clinicopathologic, immunohistochemical and
gene expression profiling analysis of 31 cases with a review of the
literature. Am J Surg Pathol. 2008;32:656—670.

Martignoni G, Pea M, Brunelli M, et al. Cathepsin-K immunor-
eactivity distinguishes MiTF/TFE family renal translocation carci-
nomas from other renal neoplasms. Mod Pathol. 2009;22:1016-1022.
Srigley JR, Delahunt B, Eble JN, et al. The international society of
urological pathology (ISUP) Vancouver classification of renal
neoplasia. Am J Surg Pathol. 2013;37:1469—-1489.

Olgac S, Hutchinson B, Tickoo SK, et al. Alpha-methylacyl-CoA
racemase as a marker in the differential diagnosis of metanephric
adenoma. Mod Pathol. 2006;19:218-224.

Paner GP, Srigley JR, Radhakrishnan A, et al. Immunohistochem-
ical analysis of mucinous tubular and spindle cell carcinoma and
papillary renal cell carcinoma of the kidney. Significant immuno-
phenotypic overlap warrants diagnostic caution. Am J Surg Pathol.
2006;30:13-19.

Argani P, Netto GJ, Parwani AV. Papillary renal cell carcinoma
with low grade spindle cell foci: a mimic of mucinous tubular and
spindle cell carcinoma. Am J Surg Pathol. 2008;32:1353-1359.
Tickoo SK, Amin MB. Discriminant nuclear features of renal cell
oncocytoma and chromophobe renal cell carcinoma. Analysis of
their potential utility in the differential diagnosis. Am J Clin Pathol.
1998;110:782-787.

Cochand-Priollet B, Molini¢ V, Bougaran J, et al. Renal chromo-
phobe cell carcinoma and oncocytoma. A comparative morphologic,
histochemical, and immunohistochemical study of 124 cases. Arch
Pathol Lab Med. 1997;121:1081-1086.

Barthelemy GL, Feng G, Gentil-Peret A, et al. SI00A1: a powerful
marker to differentiate chromophobe renal cell carcinoma from
renal oncocytoma. Histopathology. 2007;50:642—647.

Rocca PC, Brunnelli M, Gobbo S, et al. Diagnostic utility of
S100A1 expression in renal neoplasms; an immunohistochemical
and quantitative RT-PCR study. Mod Pathol. 2007;20:722—728.
Kuroda N, Kanomata N, Yamaguchi T, et al. Immunohistochem-
ical application of SI00A1 in renal oncocytoma, oncocytic papillary
carcinoma, and two variants of chromophobe renal cell carcinoma.
Med Mol Morphol. 2011;44:111-115.

Hornsby CD, Cohen C, Amin MB, et al. Caudin-7 immunohis-
tochemistry in renal tumors. A candidate marker for chromophobe
renal cell carcinoma identified by gene expression profiling. Arch
Pathol Lab Med. 2007;131:1541-1546.

Osunkoya AO, Cohen C, Lawson D, et al. Claudin-7 and claudin-8:
immunohistochemical markers for the differential diagnosis of
chromophobe renal cell carcinoma and renal oncocytoma. Hum
Pathol. 2009;40:206-210.

€48 | www.ajsp.com

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Tickoo SK, Amin MB, Zarbo RJ. Colloidal iron staining in renal
epithelial neoplasms, including chromophobe renal cell carcinoma:
emphasis on technique and patterns of staining. Am J Surg Pathol.
1998;22:419-424.

Skinnider BF, Jones EC. Renal oncocytoma and chromophobe
renal cell carcinoma: a comparison of colloidal iron staining and
electron microscopy. Am J Clin Pathol. 1999;111:796-803.

Tickoo SK, Alden D, Olgac S, et al. Immunohistochemical
expression of hypoxia inducible factor-1 alpha and its downstream
molecules in sarcomatoid renal cell carcinoma. J Urol. 2007;177:
1258-1263.

Karafin M, Parwani AV, Netto GJ, et al. Diffuse expression of
PAX2 and PAXS in the cystic epithelium of mixed epithelial stromal
tumor, angiomyolipoma with epithelial cysts, and primary synovial
sarcoma: evidence supporting renal tubular differentiation. Am J
Surg Pathol. 2011;35:1264-1273.

Elwood H, Chaux A, Schultz L, et al. Immunohistochemical
analysis of SMARCBI/INI-1 expression in collecting duct carcino-
ma. Urology. 2011;78:474e1-475e.

Liu Q, Galli S, Srinivasan R, et al. Renal medullary carcinoma.
Molecular, immunohistochemistry, and morphologic correlation.
Am J Surg Pathol. 2013;37:368-374.

Carvalho JC, Thomas DG, McHugh JB, et al. p63, CK7, PAXS8 and
INI-1: an optimal immunohistochemical panel to distinguish poorly
differentiated urothelial cell carcinoma from high-grade tumours of
the renal collecting system. Histopathology. 2012;60:587-608.
Miettinen M, McCue PA, Sarlono-Rikala M, et al. GATA3: a
multispecific but potentially useful marker in surgical pathology: a
systemic analysis of 2500 epithelial and nonepithelial tumors. Am J
Surg Pathol. 2014;38:13-22.

Gonzalez-Roibon N, Faraj SF, Munari E, et al. Comprehensive
profile of GATA binding protein 3 immunohistochemical expression
in primary and metastatic renal neoplasms. Hum Pathol. 2014;45:
244-248.

Schraml P, Struckmann K, Hatz F, et al. VHL mutations and their
correlation with tumour cell proliferation, microvessel density, and
patient prognosis in clear cell renal cell carcinoma. J Pathol. 2002;
196:186-193.

Yao M, Yoshida M, Kishida T, et al. VHL tumor suppressor gene
alterations associated with good prognosis in sporadic clear-cell
renal carcinoma. J Natl Cancer Inst. 2002;94:1569-1575.

Kim JH, Jung CW, Cho YH, et al. Somatic VHL alteration and its
impact on prognosis in patients with clear cell renal cell carcinoma.
Oncol Rep. 2005;13:859-864.

Eichelberg C, Junker K, Ljungberg B, et al. Diagnostic and
prognostic molecular markers for renal cell carcinoma: a critical
appraisal of the current state of research and clinical applicability.
Eur Urol. 2009;55:851-863.

Sonpavde G, Choueiri TK. Biomarkers: the next therapeutic
hurdle in metastatic renal cell carcinoma. Br J Cancer. 2012;107:
1009-1016.

Varela I, Tarpey P, Raine K, et al. Exome sequencing identifies
frequent mutation of the SWI/SNF complex gene PBRMI in renal
carcinoma. Nature. 2011;469:539-542.

Cancer Genome Atlas Network. Comprehensive molecular charac-
terization of clear cell renal cell carcinoma. Nature. 2013;499:43-49.
Choueiri TK, Vaziri SA, Jaeger E, et al. von Hippel-Lindau gene
status and response to vascular endothelial growth factor targeted
therapy for metastatic clear cell renal cell carcinoma. J Urol.
2008;180:860-865.

Cho D, Signoretti S, Dabora S, et al. Potential histologic and
molecular predictors of response to temsirolimus in patients with
advanced renal cell carcinoma. Clin Genitourin Cancer. 2007;5:
379-385.

Lidgren A, Hedberg Y, Grankvist K, et al. Hypoxia-inducible factor
lalpha expression in renal cell carcinoma analyzed by tissue
microarray. Eur Urol. 2006;50:1272-1277.

Klatte T, Seligson DB, Riggs SB, et al. Hypoxia-inducible factor 1
alpha in clear cell renal cell carcinoma. Clin Cancer Res. 2007,
13:7388-7393.

© 2014 Lippincott Williams & Wilkins



Am | Surg Pathol * Volume 38, Number 8, August 2014

Best Practices Recommendations in Application of IHC

74.

75.

76.

71.

78.

79.

80.

81.

Rini BI, Michaelson MD, Rosenberg JE, et al. Antitumor activity
and biomarker analysis of sunitinib in patients with bevacizumab-
refractory metastatic renal cell carcinoma. J Clin Oncol. 2008;26:
3743-3748.

Hakimi AA, Ostrovnaya I, Reva B, et al. Adverse outcomes in clear
cell renal cell carcinoma with mutations of 3p2l epigenetic
regulators BAP1 and SETD2: a report by MSKK and the KIRC
TCGA research network. Clin Cancer Res. 2013;19:3259-3267.
Hakimi AA, Chen YB, Wren J, et al. Clinical and pathologic impact
of select chromatin modulating tumor suppressors in clear cell renal
cell carcinoma. Eur Urol. 2013;63:848-854.

Pawlowski R, Muhl SM, Sulser T, et al. Loss of PBRM1 expression
is associated with renal cell carcinoma progression. Int J Cancer.
2013;132:el1-€l7.

Kapur P, Christie A, Raman JD, et al. BAP1 immunohistochemistry
in a multi-institutional cohort predicts outcomes in patients with clear
cell renal cell carcinoma. J Urol. 2014;191:603-610.

Joseph RW, Kapur P, Serie DJ, et al. Loss of BAP1 protein expression
is an independent marker of poor prognosis in patients with low-risk
clear cell renal cell carcinoma. Cancer. 2014;120:1059-1067.

Kapur P, Pefa-Llopis S, Christie A, et al. Effects on survival of
BAP1 and PBRMI1 mutations in sporadic clear-cell renal-cell
carcinoma: a retrospective analysis with independent validation.
Lancet Oncol. 2013;14:159-167.

Bui MH, Seligson D, Han KR, et al. Carbonic anhydrase IX is an
independent predictor of survival in advanced renal clear cell

© 2014 Lippincott Williams & Wilkins

82.

83.

84.

85.

86.

87.

carcinoma: implications for prognosis and therapy. Clin Cancer Res.
2003;9:802-811.

Leibovich BC, Sheinin Y, Lohse CM, et al. Carbonic anhydrase IX
is not an independent predictor of outcome for patients with clear
cell renal cell carcinoma. J Clin Oncol. 2007;25:4757-4764.
Sandlund J, Oosterwijk E, Grankvist K, et al. Prognostic impact of
carbonic anhydrase IX expression in human renal cell carcinoma.
BJU Int. 2007;100:556-560.

Atkins M, Regan M, McDermott D, et al. Carbonic anhydrase IX
expression predicts outcome of interleukin 2 therapy for renal
cancer. Clin Cancer Res. 2005;11:3714-3721.

Choueiri TK, Regan MM, Rosenberg JE, et al. Carbonic anhydrase
IX and pathological features as predictors of outcome in patients
with metastatic clear-cell renal cell carcinoma receiving vascular
endothelial growth factor-targeted therapy. BJU Int. 2010;106:
772-778.

Noon AP, Polanski R, El-Fert AY, et al. Combined p53 and
MDM?2 biomarker analysis shows a unique pattern of
expression associated with poor prognosis in patients with renal
cell carcinoma undergoing radical nephrectomy. BJU Int. 2012;
109:1250-1257.

Gayed BA, Youssef RF, Bagrodia A, et al. Prognostic role of cell
cycle and proliferative biomarkers in patients with clear cell renal
cell carcinoma. J Urol. 2013;1662-1667.

www.ajsp.com | €49



