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Abstract

Background: We review the pathological, cytopathological,
and molecular features centered on renal oncocytoma and
its differential diagnosis. The recent expansion of entities
under the category of renal tumors with oncocytic or eo-
sinophilic cytoplasm has important implications on how
cytologic diagnosis is clinically considered. Summary: In this
first of two parts, we discussed the pathological spectrum of
oncocytic or eosinophilic tumors of the kidney that includes
oncocytoma; chromophobe renal cell carcinoma
(ChRCCQ) - including its eosinophilic variant (eosinophilic
ChRCCQ); hybrid oncocytic/chromophobe tumors, either
sporadic or syndromic; oncocytic papillary RCC, acquired
cystic disease-associated RCC; succinate dehydrogenase
(SDH)-deficient RCC; and eosinophilic solid and cystic

(ESC) RCC. We describe the histomorphological and
immunohistochemical features of these tumors, including
the newly accepted entities, and focus on the molecular
alterations reported. A practical approach for differential
diagnosis and broader correlation to available cytologic
findings are provided, with more in-depth cytologic
descriptions for oncocytoma and eosinophilic ChRCC
included in part 2 of this review. Most of the oncocytic
tumors have an indolent behavior, although few
aggressive cases have been reported in patients with
ESC RCC, eosinophilic vacuolated tumor, and SDH-
deficient RCC. Key Messages: In this era where surveil-
lance management for low-grade oncocytic renal tumors
is considered, precise diagnosis is important as it will have
an impact on their subsequent management. Further,
accurate diagnosis is important especially in renal
tumors associated with hereditary neoplasms for
monitoring and genetic counseling for their family
members. © 2025 S. Karger AG, Basel
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Evolving Pathological Classification of Oncocytic
Tumors of the Kidney

Introduction

The classification of renal cell carcinoma (RCC) has tra-
ditionally been based on the predominant cytoplasmic or
architectural features (e.g., clear cell RCC, papillary RCC
[PRCC], chromophobe RCC [ChRCC]) or tumor location
(e.g, collecting duct and renal medullary carcinomas), as-
sociation with background renal disease (e.g., acquired cystic
disease-associated RCC [ACD-associated RCC]), or a par-
ticular hereditary background (e.g., hereditary leiomyoma-
tosis and RCC syndrome-associated RCC) [1]. Since 2004
World Health Organization (WHO) classification [2], a
growing category of molecularly defined kidney tumors has
been introduced and officially recognized. In the subsequent
classifications, this new tumor category has become in-
creasingly heterogeneous, especially with the growing appli-
cation of molecular testing including next-generation se-
quencing. In particular, the oncocytoma and ChRCC
grouping now includes a category of “unclassified oncocytic
tumors,” a heterogeneous group of oncocytic tumors, which
are not classifiable as oncocytoma or ChRCC [3]. The
spectrum of oncocytic or eosinophilic tumors of the kidney
includes oncocytoma; ChRCC - including its eosinophilic
variant (eosinophilic ChRCC); hybrid oncocytic/chromophobe
tumors, either sporadic or syndromic; oncocytic PRCC, ACD-
associated RCC; succinate dehydrogenase-deficient RCC
(SDH-deficient RCC); and eosinophilic solid and cystic RCC
(ESC RCC) [1]. In routine pathology practice, it is not un-
common to encounter oncocytic tumors with mixed and
unusual features that do not fit into any of the currently
recognized renal tumor definition [4].

In the first part of this integrated pathological, cytopa-
thological, and molecular perspective on oncocytic tumors of
the kidney, we describe the histomorphological and im-
munohistochemical features of these oncocytic or eosino-
philic renal tumors, including the newly accepted entities,
and to focus on the molecular alterations reported in these
tumor types (Table 1). Herein, a more general cytological
correlation is presented, where available, and with more in-
depth cytologic discussion for oncocytoma and ChrRCC and
their molecular perspective included in part 2 of this review.

Renal Oncocytoma

Oncocytoma is a benign neoplasm usually localized in
the renal cortex that accounts for approximately 6-9% of
renal tumors. Patient age range is broad (32-89 years),
with a mean of 62 years. It can be suspected radiologically
because of a characteristic stellate central scar visualized
on CT, ultrasound, or MRI. The cell of origin for renal
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oncocytoma is putatively the intercalated cells of renal
distal tubules. Macroscopically, oncocytomas are usually
well-circumscribed tumors, without an evident capsule,
and with a mahogany-brown to yellow-tan color.

Microscopically, at low-power magnification it can
show a solid, nested, tubular, microcystic, and macro-
cystic architecture (Fig. 1). The cells are typically eo-
sinophilic with a densely granular cytoplasm and round
uniform nuclei with smoothly dispersed chromatin and a
central small nucleolus. In contrast to ChRCC, there is a
lack of raisinoid nuclei and perinuclear haloes. The
stroma is usually hypocellular hyalinized or myxoid. In
some cases, there are small groups of cells with scant
cytoplasm named “oncoblasts,” usually clustered around
hyaline materials that may form pseudorosettes [5, 6].

At immunohistochemical level, the oncocytoma cells
exhibit positivity for KIT (CD117), S100A, E-cadherin,
and pancytokeratins. The CK7 immunostain is usually
negative, although few scattered cells can be highlighted.
According to the survey among urologic pathologists on
oncocytic renal neoplasms, rare cytokeratin 7-positive
cells (<5%) were regarded as the most supportive for
oncocytoma, although the staining extent to exclude
oncocytoma was not universal [7-9].

When multiple nodules are seen in the same kidney or in
the contralateral kidney, a renal oncocytosis or a genetic
syndrome like Birt-Hogg-Dubé syndrome should be sus-
pected. Multiple oncocytomas in the same kidney are usually
associated with the presence of oncocytic changes or clusters
of oncocytic cells in the non-neoplastic renal structures such
as the renal tubules or in the interstitium intervening normal
nephrons [10]. This metaplasia, characterized by a cellular
enlargement with abundant eosinophilic granular cytoplasm,
is due to the accumulation of altered mitochondria that
occurs in inflammatory disorders or a cellular stress situation.
The proliferation of oncocytes gives rise to multiple hy-
perplastic and neoplastic nodules, creating the morphologic
spectrum of renal oncocytosis as defined by Tickoo et al. [11].

It is also possible to find hybrid oncocytic tumors in
this condition. Most of these cases are now believed to be
manifestations of Birt-Hogg-Dubé syndrome.

Eosinophilic Variant of ChRCC

Classic ChRCC shows a predominance of pale cells with
clear cytoplasm with prominent cell membrane and a plant
cell-like morphology. In some cases, the predominant cell
type has densely eosinophilic and granular cytoplasm
(Fig. 2). The tumor cells can still exhibit the nuclear features
of classic ChRCC including prominent border, binuclea-
tion, perinuclear halo, and raisinoid nuclei. At least 80% of
the neoplastic cells must be eosinophilic to be named
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Table 1. Histomorphological characteristics of oncocytic renal neoplasm along with immunophenotype and molecular alterations

Entity Typical morphology Immunohistochemical Molecular characteristics
profile
Oncocytoma  “True oncocytic” cells Solid nests in a loose CD117+, CK7— Loss of chromosome 1,
(cytoplasm stuffed with connective stroma 14, or X/Y, 11913
mitochondria - finely granular rearrangement (gene
appearance of the cytoplasm) CCND1), or normal
karyotype
ChRCC, Almost purely eosinophilic cells, Nested, alveolar, CK7+ (in eosinophilic variant Most common
eosinophilic  raisinoid shape of nuclei, and  sheet-like only focally), CD117+ chromosomal losses:
variant perinuclear clearing architecture chromosomes 1, 2, 17, 6,
10, 13, 21; no gains of
chromosomes
ESC RCC Prominent granular Combination of solid CK20+ (diffuse or focal), Recurrent mutually
cytoplasmic stippling areas and variably ~ CK7— CD117—, cathepsin K+ exclusive somatic bi-
sized macrocystic allelic loss of TSC1/2
and microcystic
spaces
LOT Low grade nuclei, focally Frequent sharply CK7+ (strong diffuse), Activating MTOR
delicate perinuclear clearing delineated loose CD117—-, CK20- mutation/TSCT
stromal and inactivating mutation,
edematous areas deletion of chromosome
19p, 19q, and 1p
EVT Large eosinophilic cells, Solid to nested CD1174+, CD10+, cathepsin  Non-overlapping
voluminous intracytoplasmic  architecture, focally K+, CK7— (or restricted to ~ mutations in mTOR,
vacuoles, enlarged nucleoli tubulocystic areas rare scattered cells) TSC2, and TSC1, deletion
of chromosomes 1
and 19
SDH- Eosinophilic flocculent Solid alveolar SDHB-, CK7—, CD117—- Germline mutation of

deficient RCC cytoplasm, numerous architecture

intracytoplasmic vacuoles

the SDH genes (SDHB/
SDHA/SDHC)

eosinophilic variant ChRCC. In these cases, the differential
diagnosis is a plethora of eosinophilic tumor entities, mainly
oncocytoma, SDH-deficient RCC, oncocytic RCC NOS,
MIiT family translocation RCC, and oncocytic angiomyo-
lipoma. There is no difference in prognosis reported
compared with classic/mixed ChRCC, with both showing
favorable behavior [12, 13]. Compared with classic ChRCC,
less frequent losses of chromosomes 1, 2, 6, 10, 13, and 17
are observed in eosinophilic ChRCC, suggesting classic
ChRCC has greater chromosomal instability [13].

CK7 is frequently expressed diffusely in >75% of ChRCCs.
The presence of groups of CK7-positive cells or mitotic
activity rules out the diagnosis of oncocytoma. ChRCCs are
usually positive for KIT and cathepsin K [14]. Overlapping
histology between oncocytoma and ChRCC may reflect
intratumoral heterogeneity and can be described as hybrid
oncocytic tumors. Tumors with such intermediate features
are typically encountered in the setting of Birt-Hogg-Dubé
syndrome, and they are often multifocal and bilateral [15].

Oncocytic Tumors in the Kidney

Eosinophilic Vacuolated Tumor

EVT is a rare and unusual renal neoplasm characterized
by a solid growth of eosinophilic cells with large cytoplasmic
vacuoles, voluminous oncocytic cells with high-grade ap-
pearing nuclei, and prominent nucleoli (Fig. 3). The vac-
uolated appearance is due to the accumulation of glycogen
or lipids within the cytoplasm. These tumors typically
present as well-circumscribed, often solitary masses. His-
tologically, EVTs can mimic other renal tumors, making
diagnosis challenging. Immunohistochemical staining can
aid in distinguishing EVT from other tumors. EVT shows
only very focal (if any) CK7 expression and expresses CD117
and CD10. They also express cathepsin K that is usually not
expressed in oncocytoma and ChRCC. Although the clinical
behavior of EVT is generally indolent, with a favorable
prognosis, surgical excision remains the primary treatment
for localized cases. Its exact etiology is not fully understood,
and further research is required to elucidate on its patho-
genesis and clinical significance [16-18].
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Fig. 1. Renal oncocytoma arranged in small nests (a) and composed of eosinophilic tumor cells with round
regular nuclei (b). ¢ Oncoblasts (left) compared to typical oncocytoma cells (right). d Hybrid oncocytic tumor
with admixtures of oncocytoma-like cells (left) and ChRCC-like cells (right).

Fig. 2. Eosinophilic ChRCC with solid growth and incomplete vessels (a) composed of eosinophilic tumor cells
showing perinuclear clearing, binucleation, and irregular (raisinoid) nuclei (b). These nuclear irregularities are
less pronounced in eosinophilic compared to classic ChRCC.

Low-Grade Oncocytic Tumor

LOT is characterized by solid and trabecular growth,
sharply delineated edematous stromal area with loose cell
arrangement, and bland appearing nuclei (Fig. 4). Despite
their morphology very similar to classic oncocytoma, they
usually show a strong diffuse expression of CK7 and
negative staining for CD117. The tumor cells have a low-
grade appearance with often delicate perinuclear clearing.
The 28 cases published consisted of single small tumors
with indolent course, slightly prevalent in females with a
median age of 66 years [19-21].
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Papillary Neoplasm with Reverse Polarity/Oncocytic

PRCC

This entity was first mentioned in the WHO Classifi-
cation of Tumors of the Urinary and Male Genital Organs
published in 2016 [1], as oncocytic PRCC, and in the latest
edition of the WHO as papillary neoplasm with reverse
polarity, under the PRCC category. It consists of a well-
circumscribed tumor characterized by varying proportions
of papillary and alveolar structures lined by single layer of
cells with deeply eosinophilic, finely granular cytoplasm and
low-grade nucleus with nuclei aligned toward the apex of
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Fig. 3. Eosinophilic vacuolated tumor showing oncocytic cells with vacuolated cytoplasm and high-grade nuclei
(a) and diffuse staining with cathepsin K (b).

Fig. 4. Low-grade oncocytic tumor arranged in solid, small nest, and trabecular patterns with edematous stroma
(@) and oncocytic tumor cells with low-grade nuclei (b). Note the subtle perinuclear clearing in some nuclei.

the cell (Fig. 5). According to the cases reported so far, these
tumors have an indolent clinical behavior. Often, these
tumors have luminal orientation of tumor nuclei or solid
oncocytoma-like areas [22-24]. Immunohistochemically,
they appear to be consistently positive for GATA3 and
negative for vimentin, with labelling for AMACR being less
extensive. Characteristically, they also harbor recurrent
mutations of KRAS, differing from typical PRCCs.

SDH-Deficient RCC

SDH-deficient RCC is a rare and distinct subtype of
RCC characterized by the loss of function in SDH, an
enzyme complex consisting of four subunits (SDHA,
SDHB, SDHC, and SDHD) that is required for energy
metabolism in cells. This defect leads to the accumulation
of succinate and results in the activation of various sig-
naling pathways that promote tumorigenesis. This entity
was firstly reported in 2004 and is accepted as a distinct
tumor subtype in the 2016 WHO classification [1, 25, 26].

SDH-deficient RCCs are often associated with genetic
mutations or germline mutations in the SDH complex,
particularly in the SDHB, SDHC, or SDHD genes. In
patients with SDHB germline mutation, the lifetime risk of

Oncocytic Tumors in the Kidney

developing a renal tumor has been estimated at 14%;
moreover, these patients are also predisposed to the de-
velopment of paragangliomas, pheochromocytomas, and
gastrointestinal stromal tumor. Clinically, these tumors
tend to affect younger individuals and are often asymp-
tomatic. Multifocal or bilateral tumors are found in as
many as 30% of cases at long-term follow-up. Histologi-
cally, SDH-deficient RCCs exhibit a distinctive mor-
phology, with sheets or compact nests of bland cells with
eosinophilic cytoplasm (Fig. 6). The eosinophilic cyto-
plasm may have a pale, bubbly appearance, with inclusions
containing eosinophilic or pale flocculent material, and
lacks the fine homogeneous granularity of oncocytoma.
Immunohistochemical staining typically shows loss of
SDHB expression, which aids in diagnosis. These tumors
are usually negative for KIT (CD117) and they are fre-
quently negative for cytokeratins, including CK7. The
presence of necrosis, high-grade features, and sarcomatoid
growth can present metastatic spread in 70% of the cases
[27, 28]. Additionally, SDH-deficient RCC is linked to
inherited syndromes, such as hereditary paraganglioma-
pheochromocytoma syndrome, further emphasizing the
importance of genetic testing in affected patients [29].
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Fig. 5. Papillary neoplasm with reverse polarity exhibiting papillary growth (a) of eosinophilic cells with low-

grade nuclei aligned at the apical side (b).

Eosinophilic Solid and Cystic RCC

ESC RCC is a rare and distinctive subtype of RCC,
characterized by a mixture of solid and cystic compo-
nents, along with eosinophilic cytoplasm in the tumor
cells. These tumors are typically unencapsulated, well
circumscribed, and can present as both solid masses and
cystic areas, which may contain fluid-filled spaces [30].
Histologically, ESC RCC can show a range of architec-
tural patterns, including tubulocystic, solid, and occa-
sionally papillary structures (Fig. 7). The neoplastic cells
are polygonal and have voluminous eosinophilic cyto-
plasm with basophilic cytoplasmic stippling. The stip-
pling may include eosinophilic to purple cytoplasmic
granules surrounded by a clear rim, ultrastructurally
corresponding to aggregated rough endoplasmic reticu-
lum. The cysts are typically lined by a single layer of
hobnail cells that are often multinucleated. These tumors
often resemble other renal neoplasms, such as oncocytic
RCC and ChRCC, making a definitive diagnosis chal-
lenging. Immunohistochemically, ESC RCCs tend to
show positivity for markers such as cytokeratin 20 and
may demonstrate variable expression of other markers,
including CD10 and vimentin. CK20 immunoreactivity is
characteristically patchy, ranging from isolated positive
cells to more extensive immunoreactivity (in 30-40% of
the carcinoma cells), but some cases are negative. Sim-
ilarly, cathepsin K is usually positive in a patchy fashion,
although occasional tumors are negative, and some are
diffusely positive [31].

Although the exact cause and pathogenesis of ESC RCC
are not fully understood, these tumors are generally con-
sidered to have a relatively favorable prognosis, particularly
when diagnosed at an early stage. Surgical resection is the
mainstay of treatment, and these tumors often have a good
response to surgical intervention. However, close follow-up
is necessary due to the potential for recurrence or metas-
tasis, especially if the tumor is diagnosed at a later stage [32].
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Biallelic somatic mutations in the TSCI or TSC2 genes
have been reported in a great majority of ESC-RCCs. This
results in upregulation of the mTOR pathway, which
regulates cellular metabolism, proliferation, and survival.
Some cases are associated with tuberous sclerosis, but
many are sporadic [33-35].

ACD-Associated RCC

Patients with end-stage renal disease subjected to long-
term hemodialysis usually develop renal cysts and have an
increased risk (about 100 times) to develop renal cancer
than general population. Some renal cancer types occur
exclusively in end-stage renal disease. These neoplasms
may show tubular, papillary, tubulopapillary, microcystic,
and solid patterns and are composed by tumor cells with
abundant eosinophilic cytoplasm and large nuclei with
conspicuous nucleoli, including intracytoplasmic lumina
and intercellular spaces that impart a cribriform (sieve-like)
appearance (Fig. 8). Calcium oxalate crystals that may be
abundant can be seen deposited within the tumor [36, 37].

Differential Diagnosis of Oncocytic Renal Tumors

The differential diagnosis of kidney tumors with oncocytic
features can be especially troublesome since oncocytic or eo-
sinophilic areas can be seen in almost any renal neoplasm.
Most of the eosinophilic tumor discussed above usually
presents as well-circumscribed neoplasms with a solid or
nested pattern of growth and abundant eosinophilic cytoplasm.

Immunohistochemical stains for CD117, CK7, and
cathepsin K may help in the differential diagnosis, along
with the peculiar morphological characteristics. However,
such immunohistochemical antibodies are not available
in many laboratories. Amin et al. [38] have proposed a
practical algorithm to classify low-grade oncocytic tu-
mors with emphasis on clinical utility. The presence of
irregular nuclear membranes, plant-like cytoplasmatic
membrane, and perinuclear clearing (perinuclear halo)
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Fig. 6. SDH-deficient RCC with compact growth (a) of tumor cells showing vacuolated to bubbly cytoplasm (b)

and loss of SDHB expression (c).

‘l'n na

Fig. 8. ACD-associated RCC with sieve-like pattern (a) due to the prominent intracytoplasic and intercellular

spaces (b).

are distinctive features sufficient to render a diagnosis of a
ChRCC (eosinophilic variant). If, instead, the nuclei are
round, regular, without perinuclear halo, cytoplasm
shows granular eosinophilic granules, classical oncocy-
toma. Diagnosis can be rendered. Most of the remaining
tumors can be classified as oncocytic renal neoplasm of
low malignant potential. However, if other atypical fea-
tures are evident, the diagnosis of “RCC, low risk on-
cocytic type,” or “unclassified oncocytic neoplasm, low-
grade,” may be more appropriate.

Oncocytic Tumors in the Kidney

Although the prognosis of low-grade oncocytic tumors
category is usually good, it is very important to identify
those associated with a familial risk such as association
with SDHB-deficient syndrome, Birt-Hogg-Dubé syn-
drome, and tuberous sclerosis [39]. Identification of such
lesions should lead to genetic counseling that can benefit
the patient and family members. It is also important to
identify those renal tumors with oncocytic features that
are not the classical oncocytoma of ChRCC since their
genetic background is different. In particular, EVT, LOT,
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and ESC-RCC belong to the spectrum of renal neoplasms
associated with alterations in the TSC genes and acti-
vation of the mTOR pathway, which may have conse-
quences for the patient in terms of selection of specific
targeted treatments (such as mTOR inhibitors).

Cytological Features of Recently Described Oncocytic

Renal Tumors

Part 2 of this review will describe the cytologic features of
the most common oncocytic tumors: oncocytoma and
eosinophilic ChRCC. The cytologic experience with the
other abovementioned entities, most of which have been
recently described, is still not big enough as to draw con-
clusions. Nevertheless, we will mention a summary of the
reported data. We have found no specific cytologic reports of
EVT, LOT, and ESC RCC. Cytologic features of papillary
renal neoplasm with reverse polarity have been recently
reported [40, 41]. The few tumors described showed papillae
and dispersed oncocytic cells with round nuclei apically
displaced away from the papillary core [40, 41]. A brief
cytologic description of SDH-deficient RCC has been re-
ported but seems insufficient to obtain any conclusion [42].
On the other hand, the few reported cases of ACD-
associated RCC reveal partial papillary architecture,
prominent nucleoli, and presence of oxalate crystals [43, 44].

Conclusion

Since their initial identification and classification, the
diagnostic criteria for renal oncocytoma and ChRCC
have evolved, and additional tumor subtypes that were
once thought to belong to these two categories are now
acknowledged. Over the past 2 decades, the histologic
analysis of tumors exhibiting overlapping morphological
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