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Abstract

Classification of renal cell carcinomas has become more challenging. The 2016 WHO classification included 14
different subtypes and 4 emerging/provisional entities, and recent literature indicates new entities to be
incorporated. Nomenclature is based on cytoplasmic appearance, architecture, combination of morphologies,
anatomic location, underlying disease, familial syndromes, and specific genetic alterations. Immunohistochemistry is
useful in selected cases while it can be insufficient in entities that require molecular confirmation of a specific gene
alteration. The aim of these recommendations is to provide a reasonable and optimized approach for the use of
ancillary tests in subtyping renal tumors, particularly in resource-limited settings.
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Background
Renal cell carcinomas (RCCs) encompass 1–3% of hu-
man malignancies and 75–80% of adult kidney cancers.
Pathologic classification of renal carcinomas is complex,
and nomenclature is based on cytoplasmic appearance,
architecture, combination of morphologies, anatomic lo-
cation, underlying disease, familial syndromes and spe-
cific genetic alterations. The current 2016 World Health
Organization classification includes 14 subtypes and 4
emerging/provisional entities. Additional emerging en-
tities recently described in the literature will probably be
incorporated in future classifications.
Classifications are instinctive in biological science and

can be central to how knowledge evolves towards diagnosis

and treatment of diseases. In cancer, it can also be viewed
as a way of cataloging evolutionary trajectories of complex
genomes. In times of globalization and big data acquisition,
large cohorts have revealed not only biological diversity
within known entities, but also previously unrecognized
ones. However, official incorporation of new entities re-
quires clinical, histopathologic, and/or molecular defining
features, in addition to diagnostic reproducibility.
Despite the considerable advances in molecular

characterization of renal cell carcinomas, these tumors
are still classified mainly by morphology and immuno-
histochemical features in the major reference centers
worldwide. As detailed below, there is a growing effort
to translate key molecular features to immunohisto-
chemistry (e.g, MiT family translocation, fumarate
hydratase deficiency, succinate dehydrogenase defi-
ciency). In places with limited access to molecular re-
sources and specific immunohistochemical markers,
such as in many Brazilian regions, pathologists may face
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difficulties in standardizing an optimal algorithm to clas-
sify renal cell carcinomas. Limitations may pertain to fi-
nancial limitations to proper diagnostic work up or
availability of a wide array of genetic tests. Therefore, it
is important to value morphology as the first diagnostic
driver, in order to narrow down the differential as much
as possible using basic tools. The aim of these recom-
mendations is to provide a reasonable approach for the
use of ancillary tests in subtyping renal cell tumors. This
set of recommendations is endorsed by the Brazilian So-
ciety of Pathology - Clube de Patologia Urológica (Geni-
tourinary Pathology Club).

Tumors with predominant clear cells
Clear cell renal cell carcinoma encompasses 70% of
renal cell carcinomas. It occurs in sporadic form in 95%
of all cases and a minor part of them are associated with
von Hippel-Lindau disease and other familial syndromes.
The typical morphology of tumor cells is clear or granu-
lar cytoplasm (due to accumulation of lipid and glyco-
gen) which gives a typical yellow appearance at gross
examination. Architecture may be acinar, nested, alveo-
lar, tubular, solid/cords, and small cysts. A delicate net-
work of capillary vessels is intimately associated with the
tumor (Fig. 1a). Clinical behavior is dependent on the

presence of high-grade areas, higher stages, presence of
necrosis, and sarcomatoid/rhabdoid morphology. One
third of localized disease will developed metastasis dur-
ing oncologic follow up. Half of patients who developed
a post-nephrectomy recurrence will die of the disease
(Moch et al. 2016).
There are no specific marker of clear cell RCC but the

typical immunophenotype includes strong and diffuse
complete membranous staining for carbonic anhydrase
IX (CA-IX) and positivity for RCC antigen (both more
common in low grade areas), CD10 positivity (although
not specific) and vimentin staining (more common in
high-grade areas) (Reuter et al. 2014). Cytokeratin 7
(CK7) is usually negative or only focally positive in clear
cell RCC. Of notice, high-grade areas commonly show
eosinophilic (non-clear) cytoplasm with CK7 positivity.
Since no markers is specific, a panel including these
antibodies are warranted for differential diagnosis spe-
cially with chromophobe carcinoma. Such distinction is
of interest due to inherent differences in biologic behav-
ior of high-grade clear cell and chromophobe RCC, as
well as possibility of distinct genetic background and dif-
ferences in treatment protocols of advanced disease.
Recent consultation conference by the International

Society of Urologic Pathology (ISUP) emphasized CA-IX

Fig. 1 Renal cell carcinomas with “clear cells”. (Conventional) Clear cell carcinoma showing typical low-grade areas with nests, acini and cords of
clear cells intermixed with a delicate network of capillary vessels (a HE, 100x). Chromophobe carcinoma typically shows sheets of cells separated
by incomplete septations. Large eosinophilic cells (oncocytoma-like) commonly coexist with vegetal-like cells (with distinct cytoplasmic
membrane). Typical morphology includes wrinkled (“rasinoid”) nuclei and perinuclear halos (b HE, 100x). Multilocular cystic renal neoplasm of low
malignant potential shows cystic spaces with delicate septae lined by low-grade clear cells. No expansive growth are observed within septae (c
HE, 40x). Clear cell papillary carcinoma typically exhibits tubular and papillary architecture with cuboidal or columnar clear cells and low-grade
nuclei uniformly arranged away from the basement membrane (“piano-key-like” pattern) (d HE, 100x). MiT family translocation (Xp11 / TFE3)
carcinoma has mixed patterns, but a characteristic feature is the papillary morphology with intermixed clear and eosinophilic cells with high-
grade nuclei and the presence of small calcified bodies (e HE, 100x). MiT family translocation (T(6;11) / TFEB) carcinoma’s most distinctive pattern
is of a biphasic tumor with large epithelioid cells in the periphery and smaller cell in the center of large nests clustering around basement
membrane deposits (f HE, 100x)
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immunohistochemistry as the best available surrogate
marker for genetic alterations specific of clear cell car-
cinoma (downstream pathway of VHL signaling) (Wil-
liamson et al. 2020). CA-IX expression is useful for the
diagnosis of clear cell RCC but several limitation are of
relevance: 1) it may be expressed in carcinomas of other
primary sites (such as breast and gastric carcinomas); 2)
only complete membranous pattern with diffuse distri-
bution is specific of clear cell type among RCCs; 3) focal
expression – mainly in the vicinity of ischemia/necrosis
areas – may be seen in any renal tumor (since its expres-
sion is activated by hypoxia/VHL pathway) (Williamson
et al. 2020). In the context of a presumptive diagnosis of
a primary renal cell carcinoma, even in the metastatic
setting, diffuse membrane staining of CA-IX is support-
ive of clear cell type - which is important to guide thera-
peutic options (Fig. 2).
The differential diagnosis between of high-grade clear

cell carcinoma and chromophobe is easier when a low-
grade area of clear cell carcinoma component is identi-
fied. When true hybrid clear cell – chromophobe are ob-
served, this should raise concern for Birt-Hogg-Dubé
syndrome and test for the folliculin (FLCN) gene germ-
line mutation (Zhou and Magi-Galluzi 2015). A combin-
ation of morphologies may also be observed in MiT-
familiy translocation RCCs, specially Xp11 (TFE3) sub-
type and immunohistochemistry and/or FISH analysis
for this tumor may be considered (Kuroda et al. 2020;
Kuthi et al. 2020). If these genetic alterations are

excluded, a combination of morphologies of renal cell
carcinomas is an indication for the diagnosis of unclassi-
fied subtype of renal cell carcinoma – and prognosis can
be estimated based on grade, stage, necrosis, and pres-
ence of sarcomatoid and rhabdoid morphology (Moch
et al. 2016).
The most common genetic alterations in clear cell

RCCs are deletion of short arm of chromosome 3 and
inactivation/mutation of VHL gene. It is usually not re-
quired to perform genetic testing for the diagnosis of
clear cell RCC (Williamson et al. 2020). Germline muta-
tion testing in early onset (under age 46) kidney cancer
is recommended for patients with bilateral, multifocal
disease and those with a family history of kidney cancer.
Testing VHL gene is recommended for those who have
either a family history of VHL or a VHL clinical pheno-
type (i.e., bilateral renal cysts/tumors, pancreatic neuro-
endocrine tumors, retinal angiomas, hemangioblastomas
of the central nervous system). For patients with familial
clear cell RCC, we recommend testing for VHL, SDHC,
BAP1, TSC1 and TSC2 (Linehan 2013). Recently, ISUP
consultation conference suggested germline VHL muta-
tion testing in patients with clear cell RCC that are
microscopic; multifocal or associated with multifocal
cysts; or diagnosed in younger than 46 years (Williamson
et al. 2020).
We discuss below how to distinguish it from other

RCC subtypes with predominant clear cells. Aside from
clear cell cytology, tumor and vascular architecture are

Fig. 2 A metastatic carcinoma in the brain of a 68-year old female patient with a not biopsied kidney mass. It has minute areas of cytoplasmatic
clearing (a and b HE stain at 100x and 400x magnification). Most of the tumor showed, however, sarcomatoid morphology (c HE stain, 100x).
Pan-cytokeratin and PAX8 were diffusely positive. When a kidney primary is considered, the expression of carbonic anhydrase IX in membranous
and diffuse pattern is specific for clear cell subtype (d 400x)
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important distinctive features of (conventional) clear cell
RCC. It usually shows solid and nests or variable sizes
which are separated by intricately dividing vascular sep-
tae that surround the cell nests. Such typical pattern
may be obscured by necrosis, cystic transformation, fi-
brous scar, high-grade eosinophilic cell predominant
areas, and rhabdoid/sarcomatoid areas. On the other
hand, even the focal presence of such architecture in a
biopsy is sufficiently diagnostic of clear cell RCC. Since
nested, alveolar and solid clear cell areas may be also
seen MiT family translocation RCC and epithelioid
angiomyolipoma – ancillary immunohistochemistry may
be performed when these diagnoses are considered (see
below) (Tickoo et al. 2015).
Chromophobe RCC with prominent “clear” cells typ-

ically shows sheets of cells separated by incomplete sep-
tations. The presence of cells with wrinkled nuclei,
perinuclear halos, and prominent cell membranes often
helps in this diagnosis (Fig. 1b). When considering this
differential, immunochemistry may be helpful to distin-
guish clear cell RCC (carbonic anhydrase IX strong, dif-
fuse and with a membranous pattern; CD10, RCC
antigen, and vimentin positive) and chromophobe RCC
(c-KIT and cytokeratin 7 positive). Chromophobe car-
cinoma may also enter in the differential diagnoses of
renal tumor with predominant eosinophilic cells and is
further discussed below.
Multilocular cystic renal neoplasm of low malig-

nant potential is the term suggested by Suzigan et al.
(2006) and adopted by WHO in 2016 to rename multilo-
cular cystic RCC based on the experience that none of
the tumors with available follow up showed recurrences
or metastasis (Moch et al. 2016). It comprises less than
1% of resected renal tumor and is usually diagnosed as
incidental finding in imaging exams. The gross appear-
ance is of cysts with variable sizes separated by delicate
septae. The cysts are lining by cells with clear cytoplasm
and low-grade (ISUP 1 or 2) nuclei (Fig. 1c). The septae
between cysts may contain some cords of clear cell but
the presence of expansive nodules (solid growth) within
septae exclude this diagnosis and the pathologist must
considered a regression form (cystic degeneration) of
clear cell carcinoma (Epstein and Netto 2014). More re-
cently, it has been suggested that some of these tumors
with papillary or solid growths (intracystic or intraseptal)
are indeed cystic forms of clear cell papillary RCC, and
still behaves in an indolent manner. For this diagnosis,
typical cytological and immunohistochemical findings
are required – see discussion below (Brimo et al. 2016).
Table 1 reviews key recommendations for non-

papillary tumors with predominant clear cells.
Several renal cell tumors may present with focal or dif-

fuse papillary architecture. Conventional clear cell RCC
may commonly show tubular and focal papillary

architecture. However, the presence of diffuse tubular,
tubulopapillary, or papillary architecture with clear cell
cytology should prompt the pathologist to consider
other differential diagnoses, including clear cell papillary
RCC, papillary RCC, MiT family translocation RCC; or
unclassified RCC (Tickoo et al. 2015).
Clear cell papillary RCC is a subtype of RCC in-

cluded in the 2016 WHO classification first described in
kidneys with end-stage renal disease (Tickoo et al. 2006).
Some authors prefer the term clear cell “tubulopapillary”
RCC, while not recommended from 2016 WHO blue
book, to emphasize the (commonly) predominance of
tubular rather than papillary architecture. It is important
to recognize this subtype because – even if clear cell and
papillary growth are typical findings – this tumor follows
an indolent course, and no metastasis have been re-
ported (Kuroda et al. 2014; Massari et al. 2018). It shows
a much better prognosis than (conventional) papillary
and clear cell RCCs. Clear cell papillary RCC accounts
for 1–4% of all resected renal tumors. It occurs in spor-
adic forms an in association with end-stage renal disease
(Giunchi et al. 2020). This tumor is usually diagnosed as
low-stage, and are well-circumscribed nodules with a
mean size of less than 3,0 cm. They are usually low grade
(ISUP grade 1 or 2), and higher grade should suggest
other subtypes in the differential diagnosis (Mai et al.
2008; Aydin et al. 2010; Adam et al. 2011; Aron et al.
2015). Tumor necrosis, perineural invasion and lympho-
vascular invasion have not been observed (Moch et al.
2016).
Growth patterns may be a variable mixture of tubular

(commonly predominant), papillary, acinar, cystic, cords
and solid. The typical cytology is of cuboidal or colum-
nar cells with clear cytoplasm and nuclei uniformly ar-
ranged away from the basement membrane (“piano-key-
like” pattern) (Moch et al. 2016) (Fig. 1d). When a small
nodule shows the typical architecture, grade, and cyto-
logic findings, no immunostains or additional tests are
required for the diagnosis. It is important, however, to
emphasize that this tumor should be diagnosed with
caution in biopsies. In addition, some tumors may have
overlapping features with conventional clear cell carcin-
oma. These include a combination of discrete areas of
both clear cell RCC and clear cell papillary RCC within
the same neoplasm. In these cases, immunohistochemis-
try can help in this differential diagnosis based on cyto-
keratin 7 expression (strong and diffuse in clear cell
papillary RCC) and anhydrase carbonic IX expression
and pattern (basolateral or “cup-shape”-like distribution
in clear cell papillary, and complete membranous pattern
in the conventional clear cell. In cases where both
morphology and immunoprofile suggest the presence of
both subtypes, the diagnosis of clear cell carcinoma is
recommended (Dhakal et al. 2016).
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GATA3 is usually positive (76%) in clear cell papillary
RCC (Mantilla et al. 2017). Therefore, GATA3 should
not automatically indicate urothelial differentiation. Such
overlapping features are of interest because a panel of
cytokeratin 7, GATA3, and PAX8 may not differentiate
papillary tumors such as papillary, clear cell RCC,
nephrogenic adenoma, and urothelial neoplasms. Up to
40% of nephrogenic adenomas may express GATA3
(McDaniel et al. 2014), and about 20% of urothelial car-
cinomas of the upper urinary tract are PAX8 positive
(Reuter et al. 2014). The diagnosis should rely on
morphology, location (as clear cell RCC are typically
centered in the cortex), and clinical history (previous
trauma is usually associated with nephrogenic adenoma).
A careful gross examination is crucial because some
clear cell papillary renal RCCs are predominantly cystic
(Brimo et al. 2016) and intracystic epithelial proliferation
may macroscopically resemble origin in dilated pyeloca-
liceal system.
Among patients with von Hippel-Lindau syndrome,

tumors with similar features of clear cell papillary RCC
usually show an immunophenotype typical of (conven-
tional) clear cell carcinomas and are better classified as
such (Williamson et al. 2020).
MiT family translocation RCC usually shows a mix-

ture of clear and eosinophilic cells. Many cells often ap-
pear voluminous or ballooned out with occasional
psammoma bodies and eosinophilic hyaline nodules.
Clear cell lining papillae and biphasic nests with large
peripheral and central small cells may suggest Xp11 and
t(6.;11) translocations, respectively, and should warrant
the pathologist to seek further studies (Fig. 1 e and f).
Documentation of specific translocations and/or protein
expression is required for the diagnosis. Tumors with a
variable proportion of clear cells and papillary architec-
ture and other features suggestive of MiT translocation
RCCs - but no immunohistochemical or FISH evidence
of TFE3 or TFEB translocations - should be, however,
diagnosed as unclassified RCC.
It is well-known that conventional clear cell RCC

may also show, albeit rarely, a prominent papillary archi-
tecture. According to the WHO Classification of Genito-
urinary tumors, “focal” papillary areas can be seen in
conventional clear cell RCC. A recent molecular study
demonstrated that clear cell carcinoma with prominent
papillary features showed similarities with the typical
cases, with frequent mutation in the VHL gene, followed
by PRBM1 and 29 other different mutations in various
genes (Alaghehbandan et al. 2019).
Other rather less frequent differential diagnosis would

include collision tumors showing a papillary tumor and
conventional clear cells, succinate dehydrogenase (SDH)-
deficient renal cell carcinoma, fumarate hydratase-
deficient RCCs, and RCCs with leiomyomatous stroma

(Trpkov and Hes 2019). Eosinophilic Solid and Cystic
Renal Cell Carcinoma (ESC RCC) may also show focal
papillary and clear cell morphology (Siadat and Trpkov
2020). Recently, a report showed three cases of “metastatic
ALK-rearranged papillary RCC”, and tumors in this
spectrum should also be considered (Pal et al. 2018).
Papillary RCC (PRCC) with clear cells or PRCC with

cytoplasmic clearing is uncommon but is a well-known
morphologic variation that enters the differential diagno-
sis of RCCs with both papillary growth and clear cells.
This diagnosis should be entertained in the following
scenarios: an RCC with clear cells but extensive papillary
growth (conspicuous papillary architecture is not a fea-
ture of conventional clear cell RCC); high nuclear grade
(ISUP 3 or 4) or necrosis (these are not features of clear
cell papillary RCC); extensive papillary pattern with clear
cells with ancillary tests ruling out TFE3 and TFEB
translocations. In such cases, the immunophenotype of
positivity for pan-cytokeratin, cytokeratin 7 and alpha-
methyacyl coenzyme A racemase (AMACR) is support-
ive of papillary RCC (Tickoo et al. 2015). Most often,
however, the diagnosis of PRCC with clear cell changes
is straightforward since clear cells are a minor compo-
nent of a tumor with otherwise typical type 1 morph-
ology. Further characterization of papillary renal cell
carcinoma is provided below.
Table 2 reviews key recommendations for papillary tu-

mors with predominant clear cells.

Papillary tumors and their main differential diagnoses
Papillary renal cell carcinoma (PRCC) is a heteroge-
neous disease that has traditionally been subdivided into
two types (Moch et al. 2016). Subtyping PRCC is contro-
versial and no longer required. Type 1 PRCC is charac-
terized by papillae lined by a single layer of cells with
scant pale cytoplasm and low nucleolar grade (Fig. 3a).
Strong and diffuse staining for CK7 and AMACR are
typical and useful for challenging cases. These tumors
commonly share cytogenetic alterations such as gains of
chromosomes 7 and 17 and loss of Y chromosome. Fre-
quently MET gene mutation is also observed. Rarely,
germline MET mutation is seen in the setting of heredi-
tary PRCC, characterized by multiple and bilateral RCC.
PRCC with this morphology is further discussed below
in light of the differential diagnosis of renal cell tumors
with predominant basophilic cells.
Type 2 PRCC is a heterogenous group of tumors. They

are characterized by nuclear pseudostratification with
cells containing voluminous eosinophilic cytoplasm and
usually high nucleolar grade (Fig. 3b). Recent molecular
studies suggest that these tumors show a wide spectrum
of genetic changes and may not constitute a single entity
(Cancer Genome Atlas Research Network et al. 2016). A
worse clinical behavior is attributed to type 2
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morphology. Papillary morphology is shared with other
RCC types that must be ruled, especially FH-deficient
RCC (see Table 3). Type 2 PRCCs usually show variable
positivity and pattern of CK7 and AMACR expression.
Oncocytic PRCC/Papillary Renal Cell Neoplasm with

Reverse Polarity is a third variant of PRCC with thin
branching papillary architecture, delicate fibrovascular
cores covered by a single layer of cuboidal oncocytic
cells low grade nuclei aligned at the apical surface. Tu-
mors with this morphology are not yet fully character-
ized. They are negative for vimentin and c-KIT. These
tumors have consistent positivity for GATA3 and

frequent KRAS mutations, suggesting that it may be an
emerging entity (Al-Obaidy et al. 2019; Kim et al. 2020).
Mucinous tubular and spindle cell carcinoma

(MTSCC) is a rare, polymorphic carcinoma, consisting
of a tightly packed tubular component lined by cuboidal
cells that transitions into a bland spindle cell compo-
nent, set in a variable amount of mucinous / myxoid
stroma (Fig. 3c). For the most part, these tumors show
low-grade cytology and indolent behavior, although rare
tumors with high-grade nuclei and sarcomatoid change
have been reported (Bulimbasic et al. 2009; Kuroda et al.
2008). Although the typical triad of low-grade tubules,

Table 2 Papillary tumors with predominant clear cells

Typical histology Expected immunoprofile Recommendation

Clear cell papillary Papillary or tubular growth, nuclei arranged
away from basement membrane (reverse polarity),
low grade nuclei, no necrosis

CK7+
CAIX+
GATA3+

- No IHC needed if typical morphology
- Perform IHC panel when other entities
are in the differential

Xp11 translocation Large epitheloid clear and eosinophilic cells,
psammoma bodies

TFE3+,
Cathepsin K +

- refer to TFE3 break-apart FISH testing
(if TFE3 immunostain not available) if
suggestive morphology or presentation
< 50 year or with lymph node metastasis

Papillary (with
clear cells)

extensive papillary growth, high nuclear grade
(ISUP 3 or 4) or necrosis

Pan-cytokeratin +
CK7 +
AMARC +
TFE3/TFEB -

- rule out MiT family traslocation

Fig. 3 Renal cell carcinomas with papillary features and some of their differential diagnoses. Type 1 Papillary RCC exhibits papillae lined by a
single layer of cells with scant pale cytoplasm and low nucleolar grade. Foamy macrophages within fibrovasculares cores are a common finding
(a HE, 100x). Type 2 Papillary RCC displays nuclear pseudostratification with cells containing voluminous eosinophilic cytoplasm and generally
high nucleolar grade. In this case, such nucleolar prominence imposes further evaluation to exclude fumarate hydratase deficiency (b HE, 100x).
Mucinous tubular and spindle cell carcinoma consists of tightly packed tubular component lined by cuboidal cells that transitions into a bland
spindle cell component, set in a variable amount of mucinous / myxoid stroma (c HE, 100x). Papillary adenoma shows identical architectural and
cytologic features to classic type 1 PRCC but the diagnosis required low nuclear grade, absent fibrous capsule and size ≤15 mm (d HE, 100x).
Collecting duct carcinoma consists in a high-grade adenocarcinoma that usually show tubular morphology, and highly infiltrative growth with
associated desmoplastic reaction (e HE, 40x). Medullary carcinoma – solid areas of highly infiltrative high-grade carcinoma inducing desmoplastic
reaction in renal cortex – note preexistent tubules and glomerulus intermixed with the infiltrative tumor. This was an advanced stage RCC
diagnosed in a 25-year-old female patient with sickle cell anemia (f HE, 100x)
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spindle cell component and mucin are classic findings,
these tumors tend to be more heterogeneous than ori-
ginally described, some being mucin-poor, tubular-
predominant, spindle cell-predominant, or having focal
unusual features that make a definitive diagnosis chal-
lenging (foamy macrophages, focal papilla, focal clear
cells, focal oncocytic change) (Fine et al. 2006). The
main differential diagnostic consideration for MTSCC is
PRCC that has predominantly solid or tubular architec-
tural patterns or contains low-grade spindle cell areas
(Renshaw et al. 1997; Argani et al. 2008; Ren et al. 2018).
In addition to their overlapping morphology, MTSCC
and PRCC also share a common immunoprofile, both
being CK7 and AMACR positive. Recently, a study by
Ren et al. has shown that they are in fact distinct entities
and harbor different molecular alterations. MTSCC
shows multiple chromosomal losses, most frequently in-
volving chromosomes 1, 4, 6, 8, 9, 13, 14, 15, and 22,
while lacking trisomy 7 or 17, the latter being one of the
molecular hallmarks of PRCC (Ren et al. 2018). Since
evaluation of copy number alterations is not always
readily available in our setting, three morphologic fea-
tures are the most helpful in differentiating these two
entities: 1) Presence of a distinct area of well-formed
type 1 papillae; 2) Spindled tumor cells lining angulated,
curvilinear tubules with irregular and “shaggy” lumina,
as opposed to smooth inner contours; 3) Micronodules
encompassing small branching papillae that clearly con-
tain fibrovascular cores (Ren et al. 2018). These three
features were only observed in PRCC cases in the Ren
et al. series.

Fumarate hydratase (FH) deficient RCC is a rare en-
tity characterized by FH gene mutation. Due to its
strong association with Hereditary Leiomyomatosis and
Renal Cell Carcinoma (HLRCC) syndrome, this tumor is
named HLRCC-RCC in the current WHO classification
(Moch et al. 2016). Patients with HLRCC have a germ-
line FH mutation and frequent association with cutane-
ous or uterine leiomyomas. The term “FH-deficient”
however comprises the hereditary and sporadic forms of
the tumor that share common morphologic features and
aggressive biological behavior. These tumors were ori-
ginally described as showing papillary architecture, simi-
lar to type 2 PRCC with prominent inclusion-like
nucleoli. However, recent studies have shown a wide
morphological spectrum, including solid sheets, cords,
nests, infiltrating glands, intracystic papillary, tubulocys-
tic with poorly differentiated foci (Smith et al. 2016) and
tubulopapillary patterns, frequently having mixed pat-
terns (Ohe et al. 2018). Thus, one should rule out FH-
deficient RCC before calling unclassified RCC, collecting
duct carcinoma or tubulocystic carcinoma.
In a study based on screening with FH immunohisto-

chemistry, FH-deficient tumors were identified among
renal cell carcinomas originally diagnosed as papillary
(2/400, or 0.5%) or unclassified (2/46, or 4,4%) (Gupta
et al. 2019). Among 33 young (≤35 years) patients with
unclassified RCCs with predominance of eosinophilic
cells, 4 (12%) proved to be FH-deficient (Li et al. 2018).
Whenever feasible, FH immunohistochemistry is a

valuable way to screen tumors with FH mutations
(Fig. 4). However, FH positive immunohistochemistry

Table 3 Papillary tumors, with predominant eosinophilic cells

Typical histology Expected immunoprofile Recommendation

Papillary Nuclear pseudostratification, voluminous
eosinophilic cytoplasm, high nucleolar grade

CK7 and AMARC variable - rule out FH deficient

Fumarate hydratase
deficient

Prominent cherry-like nucleoli (may be focal);
Mixed patterns including tubulocystic, papillary
intracystic, tubulopapillary.

2SC overexpression,
FH negative

- recommend genetic testing for FH
mutations (if 2SC/FH immunostain
not available) in eosinophilic unclassified,
papillary type 2, collecting duct carcinoma
and tubulopapillary with solid foci

Xp11 translocation Large epitheloid clear and eosinophilic cells,
psammoma bodies

TFE3+,
Cathepsin K +

- refer to TFE3 break-apart FISH testing
(if TFE3 immunostain not available) if
suggestive morphology or presentation
< 50 year or with lymph node metastasis

Collecting duct Infiltrative growth, desmoplastic stromal reaction PAX8+
CK7 +
SMARCB1/INI-1 +
HMWCK +
OCT3/4 –
GATA3 –
P63 -

- diagnosis of exclusion after ruling out FH
deficient, medullary, urothelial and metastatic
carcinoma

Medullary Infiltrative growth; desmoplastic stromal reaction;
adenoid cystic, reticular and microcystic patterns

PAX8+
CK7 +
SMARCB1/INI-1 -
HMWCK -
OCT3/4 +

- only diagnose it if proved sickle cell disease
or sickle cell trait
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occurs in 10 to 20% of FH deficient RCC (Williamson
et al. 2020). If not available, pathologist should have a
low threshold to suggest the genetic testing for germline
FH mutation in patients with unclassified eosinophilic,
papillary or with mixed morphologies RCCs. Detection
of FH deficient RCCs is important because it identifies
tumors with aggressive behavior and with potential asso-
ciation with a hereditary syndrome.
Xp11 translocation RCC. MiT family translocation

RCC harbor gene fusions involving two transcription
factors: TFE3 – associated with Xp11 translocations -
and TFEB – associated with t(6;11) translocation. The
most characteristic feature of Xp11 translocation RCC is
the presence of papillae lined by epithelioid clear and eo-
sinophilic cells with abundant psammoma bodies. Thus,
this tumor should be considered in the differential diag-
nosis of clear cell neoplasms (Fig. 1e, Table 2). On the
other hand, this tumor may show a mixture of morph-
ologies that may be indistinguishable of conventional
clear cell RCC, multilocular cystic neoplasm of low ma-
lignant potential, oncocytoma and epithelioid angiomyo-
lipoma (Caliò et al. 2019; Argani et al. 2007; Green et al.
2013). These tumors usually show no expression or focal
positivity for epithelial markers, negative or minimal
staining for carbonic anhydrase IX and a small percent-
age express melanocytic markers, which is more fre-
quently seen in the TFEB – associated with t(6;11)
translocation tumors. They commonly express cathepsin

K and the distinction from epithelioid angiomyolipoma
may rely on the expression of PAX8 in the Xp11 trans-
location RCC (Tickoo et al. 2015). The presence of
translocation can be evaluated by TFE3 immunohisto-
chemistry or by TFE3 break-apart FISH assay.
These tumors disproportionally affect children and

commonly present with local lymph node metastasis –
which does not seem to impact prognosis. The overall
prognosis seems to be comparable with clear cell RCC.
Immunohistochemistry for TFE3 protein can be helpful.
In addition, melanocytic markers and cathepsin K can
be performed. Evaluation of TFE3 translocations should
be considered in clear cell or eosinophilic cell predomin-
ant RCCs when presenting at younger age (< 50 years),
with a combination of growth patterns, presence of re-
gional lymph node metastasis and suggestive morph-
ology (clear cell papillary with psammoma bodies and
high grade features). Use of immunohistochemistry for
melanocytic markers or cathepsin K in clear cell or eo-
sinophilic RCCs with typical features of other subtypes
is not recommended. The International Society of Uro-
logic Pathology also recommends testing of TFE3 trans-
locations in RCCs diagnosed in patients younger than
30 years (Tan et al. 2013).
T(6;11) translocation RCC is much rarer. The most

distinctive pattern is of a biphasic tumor with large epi-
thelioid cells in the periphery and smaller cell in the
center of large nests, commonly clustering around

Fig. 4 Fumarate hydratase – deficient renal cell carcinoma. Tubulocystic growth intermixed with a solid component (a HE, 100x). Higher
magnification shows prominent nucleoli (b HE, 400x). Fumarate hydrase immunostain show loss of cytoplasmatic staining in tumor cells while
expression is retaining in adjacent stromal cells (c and d 40x and 400x)
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basement membrane deposits (Fig. 1f). The morphologic
spectrum may show also papillary and tubulocystic pat-
terns, clear cell, and oncocytoma-like features (Caliò
et al. 2019). These tumors usually show no expression or
focal positivity for epithelial markers, about half of them
express melanocytic markers and cathepsin K and, as it
does for Xp11 translocation RCC, the distinction from
epithelioid angiomyolipoma may rely on the expression
of PAX8 in the t(6;11) translocation RCC (Tickoo et al.
2015). About 50% of t(6;11) translocation RCCs do not
express PAX8 (Kryvenko et al. 2014) but a recent report
suggest a positivity rate of 88% (Caliò et al. 2020). The
presence of translocation can be evaluated by TFEB im-
munohistochemistry or by TFEB break-apart FISH assay.
It most commonly follows an indolent course, with few
reports of metastatic behavior. Evaluation of TFEB trans-
location should be performed in tumors with suggestive
morphology and, since immunohistochemical features
may be indistinguishable, it should be considered in
otherwise purely epithelioid angiomyolipomas lacking
expression of epithelial markers and PAX8. The Inter-
national Society of Urologic Pathology also recommend
testing of TFEB translocations in RCCs diagnosed in pa-
tients younger than 30 years (Tan et al. 2013). Based on
lack of availability of TFEB immunohistochemistry or
FISH tests in our setting, immunohistochemical features
such as absence of cytokeratin expression and positivity
for cathepsin K and melanocytic markers may be used as
evidence for strongly suggestive of T(6;11) translocation
RCC.
In recent ISUP consultation conference, the morpho-

logic clues that indicates further testing for MiT family
translocation-associated RCC (both TFE3 and TFEB)
should be mixture of clear and eosinophilic cells, mix-
ture of papillary and nested architecture, psammoma
bodies, hyalinized stroma, unusual voluminous cyto-
plasm and pigment deposition (Williamson et al. 2020).
Some cases of rearrangements of TFE3 and TFEB genes
are not detectable by FISH break apart assays and may
require gene sequencing.
Collecting duct carcinoma (CDC) accounts for 1–2%

RCC and consists in a high-grade adenocarcinoma.
Diagnostic criteria are medullary involvement, predom-
inant tubular morphology (even though tubulopapillary
and papillary patterns are common), desmoplastic stro-
mal reaction, high-grade nuclei and absence of other
RCC subtypes or urothelial carcinoma (Moch et al.
2016) (Fig. 3e). It consistently expresses high-molecular
weight cytokeratin and cytokeratin 7. The differential
diagnosis with medullary RCC, FH deficient RCC and
urothelial carcinoma can be challenging due to overlap-
ping morphology and immunoprofile. When dealing
with a possible CDC, it is recommended to test expres-
sion of PAX8 as tool to reinforce kidney as primary site

and exclude metastatic adenocarcinoma if PAX8 is nega-
tive (Moch et al. 2016). A useful panel for the differential
diagnosis set above should include SMARCB1/INI-1
(typically lost in medullary and in about 15% of collect-
ing duct RCC), cytokeratin 34βE12 (usually negative in
medullary), GATA3 and p63 (positive in urothelial car-
cinoma), OCT4 (expressed in medullary carcinoma) and
FH (lost in FH deficient RCC). PAX8 is expressed in
CDC and medullary RCC and may be positive in urothe-
lial carcinoma of the upper urinary tract (20%) (Reuter
et al. 2014).
In the recent ISUP consultation conference, CDC is

considered a diagnosis of exclusion requiring investiga-
tion of FH deficiency, medullary carcinoma (sickle cell
disease and/or sickle cell trait, and loss of SMARCB1/
INI-1 expression) and urothelial differentiation (Wil-
liamson et al. 2020).
Medullary carcinoma is an overly aggressive RCC

centered in renal medulla which is associated with sickle
cell trait or disease, or related hemoglobinopathies. The
morphology is similar to CDC showing tubular, papillary
and infiltrative architectures (Fig. 3f). Most distinctive
findings for medullary RCC are adenoid cystic, reticular
and microcystic patterns. Some tumors show pure forms
of solid and sheet-like growth, or rhabdoid morphology.
Altered erythrocytes (crescent-shaped, holly-leaf
−/scythe-like cells caused by polymerization or sickling
of hemoglobin HbS) called sickle cells (drepanocytes)
are commonly seen in small vessels. Tumor morphology
and the presence of sickle cells in tumor microvascula-
ture or clinical diagnosis of sickle cell trait or disease
may suggest the diagnosis of medullary carcinoma
(Moch et al. 2016). RCCs with typical features of medul-
lary carcinoma require proven sickle cell trait or disease
by hemoglobin electrophoresis. If such conditions are
ruled out, a diagnosis of unclassified RCC with renal me-
dullary phenotype is recommended (Sirohi et al. 2017).
Key recommendations on the differential diagnosis of

tumors with papillary morphology are provided in Ta-
bles 2 (predominantly clear cells), 3 (predominantly eo-
sinophilic cells) and 4 (predominantly basophilic cells).

Oncocytic tumors
There are two important points to keep in mind when
evaluating a solid non-papillary kidney tumor with pre-
dominant eosinophilic cells. First, the most commonly
resected benign epithelial neoplasm of the kidney is
oncocytoma, which may fit this description. Despite hav-
ing a broad morphologic spectrum, some features ex-
clude the diagnosis of oncocytoma, such as papillary
growth, clear cells outside areas of fibrous scar and ne-
crosis. Secondly, clear cell carcinoma is the most com-
mon malignant epithelial neoplasm of the kidney.
Although it is named “clear cell”, a common feature of
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this tumor is the eosinophilic change in the cytoplasm of
tumor cells, mainly in higher-grade areas.
Oncocytoma comprises 4–7% of all kidney tumors

resected in adults with peak incidence between 50 and
80 years. It is the prototype of neoplasm composed of
cells with abundant eosinophilic (oncocytic) cytoplasm
that may grow in nests, alveoli and tubules. Typically,
these tumors are grossly brown with a central fibrous or
myxoid scar. Islands of eosinophilic cells within fibrous
stroma are characteristic (Fig. 5a). Cytologically, oncocy-
tomas are characterized by round nuclei with regular
contours, and small visible nucleoli. Binucleation is com-
mon. Clusters of small cells with scant cytoplasm may
be seen (so-called oncoblasts) as well as degenerative
atypia (bizarre, pleomorphic cells with smudgy chroma-
tin, but lacking mitotic activity). Exclusion criteria for
the diagnosis of oncocytoma are papillary growth, clear
cells outside areas of fibrous scar, and necrosis. Atten-
tion to true papillary formation is important because it
should prompt consideration of malignant tumors. Focal
epithelial protrusions (papillary-like formations) within
dilated tubules / microcysts are allowed, as well as ex-
tension to perinephric adipose tissue and into vessels
(Trpkov et al. 2010).
Oncocytomas are benign. Therefore, distinction from

any other malignant tumors, particularly the eosinophilic
variant of chromophobe renal cell carcinoma which
shows the most morphologic overlap, is crucial due to
psychosocial and management implications of a benign
versus malignant diagnosis. When considering a differ-
ential diagnosis with chromophobe carcinoma, a diffuse
positive reaction for cytokeratin 7 (CK7) favors chromo-
phobe carcinoma. Complete absence of CK7 or predom-
inant negative neoplasm with isolated cells or small
clusters of tumor cells staining favors oncocytoma. Both
tumors are immunoreactive for c-KIT (CD117) and this
finding may help narrow the differential diagnosis. Use
of genetic testing or cytogenetic studies for the distinc-
tion between oncocytoma and chromophobe carcinoma

is not needed, morphology being the mainstay of
diagnosis.
Chromophobe renal cell carcinoma comprises 5–7%

of renal cell carcinomas. The typical morphology in-
cludes large eosinophilic cells (oncocytoma-like) and
vegetal-like cells (with distinct cytoplasmic membrane).
Cytoplasm may be eosinophilic or finely granular with
perinuclear halos and nuclei showing “raisinoid”/
shrunken morphology (Fig. 1b). The nuclear atypia in
chromophobe RCC does not predict prognosis and, as a
consequence, nuclear grade does not apply and should
not be provided in chromophobe RCCs (Delahunt et al.
2013). The typical architecture is solid with extension to
adjacent renal parenchymal entrapping preexistent tu-
bules. Nests, broad alveoli and trabeculae may be seen.
The tumor may show many chromosomal losses al-
though testing them are usually not required for the
diagnosis. With appropriate morphology, the immuno-
phenotype of diffuse CK7 staining and diffuse membran-
ous c-KIT staining is supportive of the diagnosis of
chromophobe carcinoma (Reuter et al. 2014).
Some patients have hybrid oncocytic tumors with fea-

tures of oncocytoma and chromophobe RCC. Although
the Birt-Hogg-Dubé-associated kidney cancer pathologic
phenotype can be variable (chromophobe RCC and some
oncocytic tumors with clusters of clear cells) (Zhou and
Magi-Galluzi 2015), nearly 60% of tumors are hybrid/
oncocytic renal cell carcinoma. It is recommended to
test germline FLCN mutation, beginning at age 21, in
families of patients with cutaneous fibrofolliculomas, fa-
milial pulmonary cysts/pneumothorax and/or those
found to have a hybrid/oncocytic renal tumors (Linehan
2013). Other hybrid tumors are associated with oncocy-
tomatosis or sporadics forms (Srigley et al. 2013;
Williamson et al. 2020). By the consensus classifica-
tion of kidney tumors by ISUP, these hybrid tumors
are named hybrid oncocytic/chromophobe tumors and
considered a subcategory of chromophobe renal cell
carcinoma (Srigley et al. 2013).

Table 4 Tumors with basophilic cells

Typical histology Expected
immunoprofile

Recommendation

Papillary carcinoma Papillary architecture, but tubulopapillary, glomeruloid,
and dense papillary simulating solid; single layer of cuboidal
cells; foamy macrophages and psammoma bodies

CK7+
AMARC+

- no IHC needed if typical morphology
- consider differential with papillary
adenoma and metanephric adenoma

Papillary adenoma Similar to papillary RCC type 1; low grade nuclei, no
fibrous capsule, ≤15mm

CK7+
AMARC+

- no IHC needed if typical morphology

Mucinous tubular and
spindle cell carcinoma

Small tubules lined by cuboidal cells, bland spindle cell
component, variable amount of mucinous / myxoid stroma

CK7+
AMARC+

- no IHC needed if typical morphology

Metanephric adenoma Small tubules that may simulate solid areas; glomeruloid
and/or papillary formations

WT1 +
CD56 +
BRAF VE1 +
CK7-
AMARC -

- rule out papillary carcinoma
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Chromophobe RCC have better prognosis than clear
cell and papillary RCCs, but it is more accurately pre-
dicted by pathological stage. Rhabdoid/sarcomatoid and
tumor necrosis are factors associated with more aggres-
sive behavior.
Succinate dehydrogenase (SDH) deficient renal cell

carcinoma is usually an indolent tumor with morph-
ology that may be reminiscent of chromophobe RCC. It
also shows diffuse solid growth, entrapped preexistent
tubules, and foci of tubular and nested growth. The most
characteristic finding is a vacuolated cytoplasm or granu-
lar flocculent appearance (Gill et al. 2011) (Fig. 5b). It is
usually of low-grade morphology. About 11% of patients
develop metastasis during follow up and it may be pre-
dicted by high-grade and presence of sarcomatoid/rhab-
doid morphology.
Succinate dehydrogenase (SDH) deficiency is associated

with SDH deficient kidney cancer, gastrointestinal stromal
tumors (GIST) and pheochromocytomas/paragangliomas.
Mutations of SDHB, SDHC, and SDHD genes (which en-
codes parts of the mitochondrial complex 2—a respiratory
enzyme that links the Krebs cycle and electron transport
chain) may be screened by cytoplasmic SDHB protein loss
using immunohistochemistry. This evaluation is recom-
mended for all paragangliomas, GISTs and renal cell car-
cinomas with suggestive morphology (Gill 2012). In a
large series of 1009 kidney tumors screened for SDHB im-
munohistochemistry, only tumors originally diagnosed as

oncocytomas were proven to be SDH-deficient renal cell
carcinomas: 3/273 (1,1%) (Gupta et al. 2019). For paragan-
gliomas, 90% of patients with SDHB loss by immunohisto-
chemistry do harbor some germline SDH gene mutation.
Since the SDHB is not widely available in pathology la-
boratories, an alternative is the direct testing for germline
mutation analysis. In addition, it is known that somatic in-
activation of SDH genes may (rarely) occur in renal cell
carcinoma (Trpkov and Siadat 2019). SDH germline mu-
tation testing is recommended for patients with familial
pheochromocytoma and renal cell carcinoma, as well as
those with the characteristic SDHB-deficient pathologic
pattern (Linehan 2013) or oncocytic kidney tumors with
coexistent or past history of GIST or pheochromocyto-
mas/paragangliomas.
It is estimated that 24% of unclassified RCCs with pre-

dominantly eosinophilic cytoplasm or “oncocytomas” di-
agnosed in patients aged ≤35 years will show loss of
SDHB at immunohistochemistry and would be reclassi-
fied as SDH-deficient RCC (Li et al. 2018). Ancillary im-
munohistochemistry for SDHB, FH and cytokeratin 20
(see below) should be considered in cases of oncocyto-
mas in young patients or in eosinophilic cell predomin-
ant RCCs that are under consideration for unclassified
RCC.
Diagnosis may also be suspected upon an oncocytic

tumor that exibits loss of broad-spectrum epithelial
markers. Staining for AE1/AE3, CAM5.2, CK7 and EMA

Fig. 5 Oncocytic renal tumors and some of their differential diagnoses. Oncocytoma – typical area of insular growth of oncocytic cells in a loose
fibrous stroma (a HE, 100x). Succinate dehydrogenase (SDH) deficient renal cell carcinoma shows diffuse solid growth of eosinophilic cells with
and vacuolated cytoplasm or granular flocculent appearance (b HE, 200x; courtesy of Dr. Kiril Trpkov, University of Calgary). Tubulocystic
carcinoma is formed by small and medium sized tubules with occasional cystic dilated tubules. The tumor cells have eosinophilic/oncocytic
cytoplasm and nuclei show a typical prominent nucleolus (HE: c 10x and d 100x). Acquired cystic disease associated renal cell carcinoma typically
displays sieve-like morphology and microcystic architecture with oxalate crystals (e HE, 100x). Epithelioid angiomyolipoma may mimic epithelial
tumors with clear and eosinophilic cells (f HE, 100x)
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can be negative or only focally positive, albeit with con-
siderable variations (Williamson et al. 2015). Meanwhile,
labeling is usually uniformly positive for PAX8 and
kidney-specific cadherin and absent for Oncocytoma/
Chromophobe and Clear cell RCC typical markers, such
as KIT, RCC, and carbonic anhydrase IX. Therefore,
upon unavailability of B immune-histochemistry, a large
IHC panel may direct the diagnosis even further upon
the morphologic suspicion.
Table 5 reviews key recommendations on the differen-

tial diagnosis of these tumors.

Other types with predominant eosinophilic cells
Tubulocystic carcinoma is a rare subtype (< 1%) of
renal cell carcinoma. The gross appearance is typically of
multicystic mass. At microscopy, the tumor is formed by
small and medium sized tubules with occasional cystic
dilated tubules. The tumor cells have eosinophilic/onco-
cytic cytoplasm and nuclei show a typical prominent nu-
cleolus (ISUP grade 3) (Fig. 5c and d). Recognition of
this tumor is of relevance to acknowledge that, even
though the nuclear grade is high, the expected clinical
behavior is of an indolent neoplasm. This tumor is typic-
ally positive for cytokeratin 7 and AMARC, however, the
diagnosis is mostly based on morphology and immuno-
histochemistry is usually not required. However, atten-
tion should be given to grossing, with wide sampling,
since Tubulocystic carcinomas with poorly differentiated
areas have been associated with FH-deficiency and
shown to behave aggressively (Smith et al. 2016; Wil-
liamson et al. 2020). Therefore, poorly differentiated
adenocarcinoma areas should be reported and immuno-
histochemistry with FH and 2SC, along with clinical in-
vestigation, are recommended in this scenario (see Fig.
4). Poorly differentiated foci exclude the diagnosis of
tubulocystic carcinoma, and the evaluation of FH defi-
ciency will allow documentation of FH-deficient RCC.
Acquired cystic kidney disease (ACKD) associated

renal cell carcinoma is a specific subtype occurring in
end-stage kidney disease. Renal cell carcinomas occur in
3–7% of patients with acquired cystic disease, and those
patients are under a risk of developing renal carcinomas
that is 100x higher than the general population. Many of
the tumors that arise in end-stage kidney disease are
clear cell papillary, clear cell and papillary RCCs. About
half of tumors in this context has distinct morphologic
features deserving the diagnosis of specifically associated
with acquired cystic disease. They are grossly solid,
multifocal in half of all cases and bilateral in 20%. At mi-
croscopy, they show a mixture of acinar, alveolar, tubu-
lar, papillary, solid and multicystic patterns. The most
characteristic areas show sieve-like and microcystic
architecture with oxalate crystals (Fig. 5e) (Tickoo et al.
2006; Bhatnagar and Alexiev 2012). Genomic studies

show gains in chromosomes 3,6,7 and Y. They usually
follow an indolent course, but may show aggressive be-
havior in the presence of sarcomatoid/rhabdoid morph-
ology. Based on morphology and clinical setting,
immunohistochemistry and molecular studies are not re-
quired for this diagnosis.
Table 5 reviews key recommendations on the differen-

tial diagnosis of these tumors.

Tumors with predominant basophilic cells
Papillary RCC is the second most common type of
RCC, accounting for 15–20% of RCCs (Amin et al.
2002). Tumors within the type 1 morphologic spectrum
are characterized by papillary architecture, but tubulopa-
pillary, glomeruloid, and dense papillary simulating solid
areas may be encountered. The papillae are slender and
lined by a single layer of cuboidal cells with scant, baso-
philic cytoplasm and inconspicuous nucleoli. Foamy
macrophages and psammoma bodies are often present
in the papillary cores. These tumors are bound by a
pseudocapsule and are typically low grade. However,
cases with high-grade nuclear features (prominent nucle-
oli, non-basophilic cytoplasm), sometimes accompanied
by invasive growth, may occur. (Chevarie-Davis et al.
2014) These high-grade areas are usually limited but
may be a significant component of an otherwise classic
(morphologically and immunohistochemically type 1
PRCC). Such tumors should be categorized as high-
grade PRCC, however, limited evidence suggests these
behave in an indolent fashion (Chevarie-Davis et al.
2014; Murugan et al. 2014). PRCC with basophilic cells
is diffusely and strongly positive for CK7, AMACR
(P504S), and CD10. The tips of papillae often show CA-
IX positivity, a possible pitfall depending on the differen-
tials being considered, however, it is never diffusely posi-
tive. Molecularly, these PRCCs are characterized by
frequent MET pathway alterations and multiple chromo-
somal gains (particularly of chromosomes 7 and 17, and
less frequently of chromosomes 2, 3, 12, 16, and 20) and
frequent loss of chromosome Y (Cancer Genome Atlas
Research Network et al. 2016). The differential diagnosis
mainly includes papillary adenoma, metanephric aden-
oma, and mucinous tubular and spindle cell carcinoma
(Table 4). Multiple and/or bilateral PRCC should
prompt consideration of hereditary PRCC syndrome.
Papillary adenoma shows identical architectural and

cytologic features to classic type 1 PRCC (therefore, low
nuclear grade), but, by definition, lacks a fibrous capsule
and measures ≤15mm. These tumors are often inciden-
tal findings in autopsy or nephrectomy specimens (Fig.
3d). The frequency is higher in the setting of chronic
renal disease and patients submitted to long-term dialy-
sis (Moch et al. 2016). Multiple papillary adenomas are
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common in kidneys of patients with hereditary papillary
renal cancer (Ornstein et al. 2000).
Metanephric adenoma is a highly cellular, benign epi-

thelial neoplasm that may be derived from persistent blas-
tema or may represent an extreme maturation of
nephroblastoma. It occurs in all age groups. Typically, it
consists of tightly packed acini formed by small, uniform
and round cells. Acini may be very small, simulating a solid
pattern; about half of cases show glomeruloid and/or papil-
lary formations. Psammoma bodies are common. This en-
tity also includes PRCC as its main mimic. Morphologic
clues that favor metanephric adenoma over PRCC are ab-
sence of a pseudocapsule and uniform nuclei with incon-
spicuous nucleoli. Immunohistochemistry, however, makes
distinction between the two tumors fairly easy: WT1 and
CD57 positive in metanephric adenoma, while negative for
CK7. AMACR (P405S) may be positive in both and is
therefore not helpful in this scenario. Interestingly, 90% of
metanephric adenomas show BRAF V600E mutations
(Moch et al. 2016), making BRAF VE1 a valuable imunohis-
tochemical marker to be used (Udager et al. 2015; Pinto
et al. 2015; Ritterhouse and Barletta 2015) (Fig. 6).
Table 4 reviews key recommendations for renal cell

tumors with predominant basophilic cells.

Mesenchymal tumors that may be considered in
differential diagnosis
Angiomyolipomas comprise 0.7–2.0% of all renal tu-
mors and about 20% of them area associated with

tuberous sclerosis (Flum et al. 2016). As a consequence,
germline mutations of TSC1 gene and the TSC2 gene
are recommended. The pathological diagnosis is usually
straightforward due to characteristic combination of
bland morphologies of adipose tissue, smooth muscle
tissue and large vessels with thickened walls. The clinical
behavior is benign in the absence of epithelioid morph-
ology. The diagnosis of epithelioid angiomyolipomas
requires more than 80% of epithelioid cells. Epithelioid
angiomyolipoma has metastatic potential may also be as-
sociated with tuberous sclerosis. Metastatic behavior is
predicted by larger size (> 7 cm), carcinoma-like atypia,
involvement of perinephric tissues, renal vein invasion
and necrosis. Those aggressive epithelioid angiomyoli-
poma may mimic high-grade eosinophilic renal cell car-
cinomas (Fig. 5f).
It is important to keep in mind that, in the scenario of

a high-grade eosinophilic epithelioid/epithelial neoplasm
of the kidney, the immunophenotype of epithelioid
angiomyolipoma and MiT translocation RCC may show
considerable overlapping features. Most primary renal
carcinomas (> 95%) express pan-cytokeratin marker and
PAX8 and commonly angiomyolipoma will show obvi-
ous areas of smooth muscle differentiation, and corre-
sponding smooth muscle actin expression. On the other
hand, epithelioid angiomyolipoma show variable expres-
sion of smooth mucle actin and is negative for PAX8
and cytokeratins; while MiT family translocation carcin-
oma (particularly TFEB, see below) may show in about

Fig. 6 Metanephric adenoma. The gross appearance was of a predominantly cystic tumor in this particular case (a). Microscopy shows small
tubules and glomeruloid structures (b HE, 400x). Characteristic immunoprofile includes diffuse staining for WT1 (c 100x) and BRAF VE1, a
surrogate immunohistochemical marker of BRAF V600E mutation (d 40x)
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half of cases no expression of PAX8 and cytokeratins
(Kryvenko et al. 2014). Both epithelioid angiomyolipoma
and MiT family translocation carcinoma (particularly
TFEB, again) commonly express cathepsin K and mela-
nocytic markers such as MelanA and HMB45 (Kryvenko
et al. 2014; Tickoo et al. 2015). For this differential diag-
nosis, when smooth muscle actin and PAX8 are not
helpful, the distinction relies on the evaluation of spe-
cific translocations by FISH or, alternatively, by immu-
nohistochemistry using anti-TFE3 and anti-TFEB
antibodies which are not widely available (see below). Of
notice, however, perivascular epithelioid cell neoplasms
(PEComas) may show aberrant expression of TFE3 pro-
tein by immunohistochemistry (without translocation)
and a subset of them – including renal epithelioid angio-
myolipoma - may harbor TFE3 gene fusions (Argani
et al. 2010). See Table 5.

Emerging and new entities
The first three tumors take part in the differential diag-
nosis of oncocytic tumors and their main distinctive fea-
tures are reviewed in Table 5.
Low-grade oncocytic tumor of the kidney shares

with oncocytomas the predominant solid and nested
growth pattern and the oncocytic cytoplasm. However,
they show a distinct immunophenotype of c-KIT/CD117
negative and cytokeratin 7 positive. The typical micro-
scopic picture is of solid sheets and compact nests, with
gradual transition to trabecular areas, sharply delineated
edematous stromal areas with loose cell growth. These
loose irregular areas of growth differ from the islands of
oncocytic cells in hypocellular areas of oncocytoma.
Genomic findings are shared with oncocytomas such as
loss of 1p36 and diploid pattern, while gains and losses
that are common in chromophobe RCC are not seen.
They exhibit uniformly an indolent course (Trpkov et al.
2019b). Although the authors advocate that low-grade
oncocytic tumor of the kidney may be readily recognized
in HE stain, we recommend that this diagnosis should
be considered in tumors with compatible findings in the
context of cKIT/CD117 negative, cytokeratin 7 positive
findings when the common differential diagnosis of
oncocytoma and chromophobe carcinoma is being eval-
uated. The importance of recognizing this tumor is to
avoid labeling such indolent tumors as unclassified RCC.
High-grade oncocytic tumor of the kidney is also a

new diagnostic category of tumors that may be separated
soon from the “umbrella” term of unclassified renal cell
carcinoma (He et al. 2018). These tumors are predomin-
antly composed of oncocytic cells with high-grade nuclei,
and prominent intracytoplasmic vacuoles. At microscopy,
they are well-circumscribed, non-encapsulated tumors,
that demonstrates solid to nested growth with focal tubu-
locystic features (Chen et al. 2019). These tumors show a

oncocytoma-like immunoprofile: CD117 positive with
CK7 only focally positive in scattered cells, however, Ca-
thepsin K is invariably positive, either as diffuse or focal,
and CD10 is also expressed. Most are sporadic but some
cases have been associated with tuberous sclerosis
(Trpkov et al. 2019a). Genetic alterations include losses of
TSC2 and TSC1 and activation of the MTOR pathway.
These alterations have also been found in ESC RCC (see
below). Despite high-grade nuclear features, these tumors
seem to follow an indolent course, although longer follow
up is warranted for a more assertive definition of progno-
sis (Siadat and Trpkov 2020). The main differential diag-
nosis is with oncocytoma. Oncocytoma may show a broad
spectrum of morphologies but a diffuse high-grade
morphology is beyond the permissible criteria (Siadat and
Trpkov 2020).
Eosinophilic solid and cystic renal cell carcinoma

(ESC RCC) was originally described in female patients
with tuberous sclerosis, but subsequent reports showed
that it also occurs in a sporadic form also with female
predominance (Guo et al. 2014; Trpkov et al. 2016a).
These tumors are grossly tan alternating solid and cystic
areas. At microscopy, the tumor shows eosinophilic and
granular cytoplasm. Solid areas exhibit sheets, nests or
acini, usually with adjacent cystic areas - with the cyst
wall layered by eosinophilic cells. Other common fea-
tures are intracytoplasmic vacuoles and psammoma bod-
ies (Trpkov et al. 2016b). Typically, these tumors are
immunoreactive for cytokeratin 20, PAX 8 and vimentin;
and negative for c-KIT and cytokeratin 7. Importantly,
the immunophenotype cytokeratin 20 positive and cyto-
keratin 7 negative is unique among renal cell carcinoma
subtypes (Fig. 7). ESC RCC shows genetic changes with
gains in 16p13.3-16q23.1, 7p21.2-7q36.2 and 13q14.2,
while losses were seen at Xp11.21 and 22q11.23. Loss of
heterozygosity was most frequently associated with loci
of 16p, 11p, 9q and X (Trpkov et al. 2017). Sporadic cases
commonly show mutations on TSC1 and TSC2 genes -
the genes for which germline mutations are the cause of
tuberous sclerosis (Delahunt et al. 2019). Most of these tu-
mors are confined to the kidney and show indolent behav-
ior, although more recently ESC RCC has demonstrated
metastatic potential (McKenney et al. 2018).
In a series of 33 unclassified RCCs with predominantly

eosinophilic cytoplasm in patients aged 35 years or youn-
ger, 10 (30%) were reclassified as ESC RCCs. The authors
suggested that pathologists should have a low threshold
for performing CK20 immunohistochemistry when con-
fronted with unclassified eosinophilic RCC or ‘oncocy-
toma’ in young patients (Li et al. 2018). The incidence is
currently unknown, because many of these cases have pre-
viously been either misdiagnosed or labelled as ‘unclassi-
fied renal cell carcinoma’ or ‘unclassified renal neoplasm
with oncocytic or eosinophilic morphology’.
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Anaplastic Lymphoma Kinase (ALK) rearrangements-
associated renal cell carcinoma (ALK RCC) are rare with
about 30 reported cases. They are usually centered in renal
medulla. Original descriptions described cytoskeletal pro-
tein vinculin (VCL)-ALK fusions and highlighted large pol-
ygonal or spindle shaped cells with vacuolated cytoplasm.
These tumors resembled medullary carcinomas and were
associated with sickle cell trait (Smith et al. 2014). Other
ALK fusions (mainly with tropomyosin 3, TPM3 and ech-
inoderm microtubule associated protein like 4, EML4) may
show variable morphology including mucinous cribriform,
signet-ring cell pattern, rhabdoid features and mixed cell
population resembling Xp11 RCC (Kuroda et al. 2018,
2020). The few reports available suggest an indolent behav-
ior for VCL-ALK rearrangement-associated RCC but some
non-VCL related ALK fusion associated RCC present in ad-
vance stage (Yu et al. 2017). Target therapy for ALK fusion
associated RCC may benefit these patients, but the available
literature is limit (Delahunt and Srigley 2015; Pal et al.
2018). It has been recently suggested that ALK RCC may
be screened by the immunoprofile of PAX8 and ALK1
(D5F3 clone) expression among unclassified renal cell car-
cinomas (Kuroda et al. 2020).
Renal cell carcinoma with (angio) leiomyomatous

stroma (RCCLMS) is listed as a provisional entity in the
2016 WHO blue book and may raise confusion with other
morphologic subtypes RCC. Two indolent tumors – renal
angioleiomyomatous tumor and papillary clear cell carcin-
omas were described in the early 2000’s and most of the
available data suggest that they are related entities. They
share morphologic and immunohistochemical features and
are distinguished only by the amount of stroma within the

tumor. This angioleiomyomatous stroma is reactive
(Petersson et al. 2014) and both tumors share absent
VHL gene alterations (Hes et al. 2016). In the current WHO
classification, abundant stroma in an otherwise typical clear
cell papillary carcinoma is a variant morphology and the
term renal angioleiomyomatous tumor is considered a (ob-
solete) synonym of PCCRCC (Moch et al. 2016). In contrast,
RCCLMS is a rare tumor that may show intermixed epi-
thelial and stromal components with distinct features: epi-
thelial areas are mainly low-grade tubular or nested but
may show focal papillary and solid growth. Tumor cells
shows voluminous clear or light eosinophilic cytoplasm
instead of the typical reverse polarity of PCCRCC. Cyto-
keratin 7 expression is strong and diffuse (by definition)
and carbonic anhydrase IX expression may commonly
show diffuse membranous or cup-shaped/basolateral pat-
terns (Fig. 8). These tumors commonly harbor somatic
TSC1, TSC2, MTOR, TCEB1 gene alterations and intact
VHL gene (Shah et al. 2020). The main differential diag-
noses of RCCLMS are depicted in Table 2. TCEB1 mu-
tated renal cell carcinoma is being recognized as a
distinct entity with common association with chromo-
some 8 monosomy (Williamson et al. 2020). While most
data suggest that RCCLMS are indolent, some recent re-
ports of aggressive cases have been reported for TCEB1
mutated RCCs (Hakimi et al. 2015; DiNatale et al. 2019).

Unclassified renal cell carcinoma
Unclassified renal cell carcinoma (URCC) is not a dis-
tinct subtype but rather a category used for cases that
do not fulfill diagnostic criteria for other well-defined
entities, being it low- or high-grade. In most series, URCC

Fig. 7 Eosinophilic, solid and cystic renal cell carcinoma (ESC-RCC). Growth patterns alternate cystic areas (a HE, 40x) and solid areas of oncocytic
cells (b and c HE, 40x and 100x). Diffuse staining of cytokeratin 20 (d 40x)
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corresponds to about 5% of all RCCs after proper work-
up. Tumors in the following scenarios may also be placed
in the unclassified category: tumors that show features of
> 1 different subtype; low- or high-grade unclassified
oncocytic/eosinophilic neoplasms; or tumors with pure
sarcomatoid morphology (Moch et al. 2016). The most
common diagnostic dilemma in daily practice is that of
oncocytic / eosinophilic renal neoplasms, which often in-
clude oncocytoma in the differential diagnosis (Perrino
et al. 2018). However, stringent criteria should be used to
render a diagnosis of oncocytoma, given the management
implications of a benign diagnosis. In a series of 33 eo-
sinophilic URCC in patients 35 years of age or younger,
67% of tumors were reclassified into one of the recently
defined entities SDH-deficient RCC, FH-deficient RCC
and ESC RCC if SDHB, FH / 2-SC, and CK20, respect-
ively, were applied (Li et al. 2018). These stains should
therefore be included in difficult-to-classify eosinophilic
renal tumors, especially in young patients. Other frequent
morphologic patterns in which URCC is the rendered
diagnosis are those of tumors with predominant papillary
architecture and of collecting-duct morphology.
Unclassified RCCs consist of a markedly heteroge-

neous group of tumors, thus there is no specific immu-
nohistochemical marker/panel. Immunostains to be used
depend on which entities are being considered in the dif-
ferential diagnosis, and it is expected that these cases
have been evaluated by a large battery of stains to indi-
cate a specific subtype. As recommended by the ISUP
consensus, the category of URCC should not be used until
all efforts to classify the tumor have been exhausted (Reuter
et al. 2014). Also, at least the renal origin should be proven

by PAX8 expression (95% of renal cell tumors are PAX8
positive), keeping in mind that tumors from nonrenal origin
also stain for this marker, and appropriate markers should
be included on a case-by-case basis (Reuter et al. 2014).
Nonrenal, PAX8-positive tumors include Müllerian, thy-
roid, thymic, and urothelial carcinoma of the upper urinary
tract (20% in the latter); well-differentiated neuroendocrine
tumors of the pancreas; poorly differentiated neuroendo-
crine carcinomas regardless of site of origin; and B-cell
lymphomas (Haynes et al. 2011; Reuter et al. 2014).
As a group, unclassified RCC carries a mortality rate

higher than clear cell RCC. However, the heterogeneity
of this category cannot be stressed enough, and low
grade and low stage tumors are often placed into this
category as well (Perrino et al. 2018). A proper pathology
report should contain all data necessary to predict bio-
logical behavior, such as nuclear grade, stage, extent of
necrosis, tumor size, lymphovascular invasion, and pres-
ence of rhabdoid/sarcomatoid components.
The correct use of this category is important, espe-

cially for future studies. Reevaluating URCCs with emer-
ging molecular tools are often shedding light into new
entities that were hitherto unclassified.

Conclusion
Use of conscientious ancillary tests in renal cell carcin-
omas may save time and resources in some tumors. The
use of the recommendations above will filter those cases
that will require large panel of immunostains, specific
and not widely available tests (such as TFE3, TFEB, FH
and SDHB immunohistochemistry; FISH) or genetic
testing.

Fig. 8 Renal cell carcinoma with leiomyomatous stroma (RCCLMS). A tumor intermixed epithelial and stromal components (a HE, 2x). Low-grade clear
cells growing in tubular pattern separated by abundant stroma with smooth muscle differentiation (b HE, 40x and c HE, 100x). Cytokeratin 7 expression is
strong and diffuse (d 2x) and carbonic anhydrase IX shows membranous expression (e 100x). The surrounding stroma is reactive for desmin (f 40x)
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