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Abstract
Oncocytic renal neoplasms are a major source of diagnostic challenge in genitourinary pathology; however, they are typically 
nonaggressive in general, raising the question of whether distinguishing different subtypes, including emerging entities, is nec-
essary. Emerging entities recently described include eosinophilic solid and cystic renal cell carcinoma (ESC RCC), low-grade 
oncocytic tumor (LOT), eosinophilic vacuolated tumor (EVT), and papillary renal neoplasm with reverse polarity (PRNRP). 
A survey was shared among 65 urologic pathologists using SurveyMonkey.com (Survey Monkey, Santa Clara, CA, USA). De-
identified and anonymized respondent data were analyzed. Sixty-three participants completed the survey and contributed to the 
study. Participants were from Asia (n = 21; 35%), North America (n = 31; 52%), Europe (n = 6; 10%), and Australia (n = 2; 3%). 
Half encounter oncocytic renal neoplasms that are difficult to classify monthly or more frequently. Most (70%) indicated that 
there is enough evidence to consider ESC RCC as a distinct entity now, whereas there was less certainty for LOT (27%), EVT 
(29%), and PRNRP (37%). However, when combining the responses for sufficient evidence currently and likely in the future, 
LOT and EVT yielded > 70% and > 60% for PRNRP. Most (60%) would not render an outright diagnosis of oncocytoma on 
needle core biopsy. There was a dichotomy in the routine use of immunohistochemistry (IHC) in the evaluation of oncocytoma 
(yes = 52%; no = 48%). The most utilized IHC markers included keratin 7 and 20, KIT, AMACR, PAX8, CA9, melan A, suc-
cinate dehydrogenase (SDH)B, and fumarate hydratase (FH). Genetic techniques used included TSC1/TSC2/MTOR (67%) or 
TFE3 (74%) genes and pathways; however, the majority reported using these very rarely. Only 40% have encountered low-grade 
oncocytic renal neoplasms that are deficient for FH. Increasing experience with the spectrum of oncocytic renal neoplasms 
will likely yield further insights into the most appropriate work-up, classification, and clinical management for these entities.
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Introduction

Oncocytic renal neoplasms are a recurrent source of diagnos-
tic difficulty in urologic pathology; however, their behavior is 
largely favorable, raising the question of whether subdividing 
into multiple diagnostic entities is important. Nonetheless, 
several emerging diagnostic entities composed of eosino-
philic cells have been recently characterized, several of which 
are not yet included in the WHO Classification. These have 
reproducible histologic, immunohistochemical, and molecular 
features, such as eosinophilic solid and cystic renal cell carci-
noma (ESC RCC, a WHO entity), low-grade oncocytic renal 
tumor (LOT, not yet a WHO entity), and eosinophilic vacu-
olated tumor (EVT, previously reported as high-grade onco-
cytic tumor/RCC with eosinophilic vacuolated cytoplasm, not 
yet a WHO entity) [1, 2]. Awareness and acceptance of these 
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Highlights
1. Oncocytic renal neoplasms are diagnostically challenging, and 

the acceptance and clinical significance of emerging entities are 
still debated.

2. Eosinophilic solid and cystic renal cell carcinoma is the most 
strongly accepted as a distinct entity (70%), although most 
felt that either there was sufficient evidence now, or would be 
in the future, for consideration of low-grade oncocytic tumor, 
eosinophilic vacuolated tumor, and papillary renal neoplasm 
with reverse polarity as distinct entities.

3. Genetic techniques are currently being used rarely, but most 
used markers include TFE3/TFEB translocation and the TSC/
MTOR pathway alterations.
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entities among expert uropathologists and uro-oncologists are 
still evolving and debated. A recent editorial suggested that 
such subdivision of eosinophilic renal tumors is unnecessary 
and not clinically relevant [3]. This controversy prompted us 
to undertake a multi-institutional and international survey to 
assess reporting trends, practices, and resource utilization in 
the oncocytic tumors among uropathologists.

Material and methods

This study was conducted after approval from the institu-
tional review board. A questionnaire and scenario-based 
survey were sent to a broad group of genitourinary (GU) 
pathologists with questions related to the morphologic, IHC, 
and molecular parameters of oncocytic renal neoplasms. 
The online survey containing 27 questions was prepared 
by three of the authors (SRW, SKM, and AL) and circu-
lated among 65 GU Pathologists in four continents in Sep-
tember 2021 (Supplement). Questions included currently 
accepted/preferred terminology, frequency of encounter-
ing these neoplasm(s), and preferred testing techniques. 
The study was carried out in accordance with The Code of 
Ethics of the World Medical Association (Declaration of 
Helsinki). Informed consent was obtained from the patholo-
gists through e-mails, and the intended use of the data was 
explained. The surveyed pathologists were given the option 
of authorship at the onset of the survey and were given the 
option to withdraw participation at any time including at 
the completion of the survey or afterward. Each participant 
was grouped based on their practicing experiences in years 
as < 5 years, 5–10 years, 10–20 years, and > 20 years. Analy-
ses of survey responses were carried out using the Survey-
Monkey software (http://​www.​surve​ymonk​ey.​com; Survey-
Monkey, Santa Clara, CA, USA). A multiple-choice format 
was utilized. Respondents were asked to choose the best 
possible answer based on their practice and recommended 
protocols. De-identified and anonymized respondent data 
were tabulated and analyzed utilizing descriptive statistics.

Results

Sixty-three (97%) participants completed the survey and 
were included in the study including the three survey authors 
(SKM, SRW, and AL). Six (10%), 11 (18%), 28 (44%), and 
18 (29%) participants had < 5 years, 5–10 years, 10–20 years, 
and > 20 years of experience reporting GU pathology speci-
mens, respectively (Question #1). Participants represented 
Asia (n = 21; 33%), North America (n = 34; 54%), Europe 
(n = 6; 10%), and Australia (n = 2; 3%) (Question #2). Among 

participating uropathologists, eosinophilic renal neoplasms 
on average made up 5–20% of tumors received in their prac-
tice. A few participants indicated that as much as 50% of 
their renal tumor specimens were eosinophilic (Question #3). 
Respondents reported that as many as 60% of these tumors 
could be definitively classified as belonging to a specific sub-
type (Question #4). About half of participating uropatholo-
gists (n = 30; 48%) encounter a difficult-to-classify eosino-
philic/oncocytic renal neoplasm approximately monthly, 
whereas 15 (24%) came across such neoplasms every few 
months, and 12 (19%) a few times in a year (Question #5).

At the time of the survey, thirty-two (51%) participants 
chose the response that there was currently not enough evi-
dence to regard LOT (keratin 7 + /KIT −) as a distinct entity 
but likely would be eventually. In contrast, 17 (27%) felt that 
there was enough evidence to regard LOT as an independ-
ent entity, and 8 (13%) were of the opinion that this tumor 
can be grouped with one or more other emerging oncocytic 
entities; the remainder were either uncertain (n = 4; 6%) or 
felt that it is not a distinct entity (n = 2; 3%) (Question #6). 
Similarly, when asked the same question regarding accept-
ance of EVT as a distinct tumor entity, the responses at the 
time of the survey were 28 (44%) responded that there is 
not sufficient evidence currently but likely would be eventu-
ally. In contrast, 18 (29%) felt there was sufficient evidence 
for EVT as a definite tumor entity now, 9 (14%) believed 
that this tumor should be grouped with one or more other 
emerging oncocytic entities, and the remainder were either 
uncertain (n = 7; 11%) or felt that it is not a distinct entity 
(n = 1; 2%) (Question #7). For both LOT and EVT, when 
combining the responses indicating that there was sufficient 
evidence now for a distinct entity, or likely would be in the 
future, these both yielded greater than 70% for current or 
eventual consideration as a distinct tumor type.

For ESC RCC, 44 (70%) felt that there is enough evidence 
to accept it as a distinct independent tumor entity now; 7 
(11%) would await more studies, 6 (10%) believed that this 
tumor should be grouped with one or more other emerging 
oncocytic entities, 5 (8%) were uncertain, and 1 (2%) felt 
that it is not a distinct entity (Question #8).

The uropathologists surveyed report encountering the 
aforementioned oncocytic tumors (LOT, EVT, and ESC 
RCC) daily/weekly (n = 7, 12%), few times a month/monthly 
(n = 15, 24%), every few months (n = 29; 46%), or yearly 
(n = 10; 16%); 2 reported never seeing such lesions (Ques-
tion #9). Thirty-eight (60%) survey participants would never 
render an outright diagnosis of oncocytoma in a needle 
biopsy specimen, whereas 12 (19%) would. Thirteen (21%) 
would report a diagnosis favoring oncocytoma only if the 
features were typical, with concordant morphology and 
immunohistochemistry.

A subset of pathologists would favor using the termi-
nology “low-grade renal oncocytic neoplasm, favoring 
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oncocytoma” in case of concordant histomorphology and 
IHC, and a more equivocal terminology such as “renal 
oncocytic neoplasm, indeterminate/cannot exclude RCC” 
where morphology and IHC were discordant. If the patient 
had a history of BHD or prior oncocytoma/chromophobe, 
or multiple lesions, then the possibility of “hybrid oncocy-
toma chromophobe tumor” could be raised (Question #10). 
In the context of overlapping/conflicting morphological and 
immunohistochemical oncocytic/eosinophilic neoplasm on 
needle biopsy, the majority of the uropathologists (n = 57; 
91%) concurred that the most appropriate diagnostic termi-
nology would be “oncocytic neoplasm,” with an explanatory 
note regarding the overlapping findings (Question #11).

Most participating pathologists (n = 59; 94%) felt that it 
is mandatory to distinguish an oncocytoma from other onco-
cytic renal neoplasms (Question #12). Forty-two (67%) par-
ticipants would render a diagnosis of an oncocytoma in an 
oncocytic tumor with classical oncocytoma morphology and 
diffuse positivity for KIT in the complete absence of keratin 
7 staining; 14 (22%) would be cautious and stated that this 
statement would qualify only on a resection specimen and 
not on a core needle biopsy. Most of the pathologists noted 
that minimal staining for keratin 7 in a few scattered cells 
is expected in an oncocytoma, whereas a complete absent 
staining pattern was unusual (Question #13).

There was significant variability in the choice of IHC 
work up for oncocytic renal tumors. Among survey patholo-
gists, the most widely used markers selected were keratin 
7 (n = 61; 97%), KIT (n = 61; 97%), PAX8 (n = 46; 73%), 
SDHB (n = 45; 71%), CA9 (n = 40; 64%), AMACR (n = 37; 
59%), keratin 20 (n = 36; 57%), FH (n = 36; 57%), melan A 
(n = 32; 51%), vimentin (n = 30; 48%), CD10 (n = 26; 41%), 
and cathepsin K (n = 25; 40%) (Question #14) (Fig. 1). 
Approximately one-half of uropathologists would rou-
tinely use IHC in the work up of oncocytoma (yes = 52%; 
no = 48%) (Question #15). Features that would lead respond-
ents to perform IHC in a possible oncocytoma included mild 
nuclear membrane irregularity with subtle perinuclear clear-
ing (n = 34; 54%), compact nesting/solid pattern (n = 23; 
37%), vascular invasion (n = 20; 32%), fat invasion (n = 19; 
31%), “small cell” or “oncoblastic” features (n = 16; 25%), 
nuclear grooves (n = 13; 21%), or binucleation (n = 12; 19%). 
A subset of 20 (32%) uropathologists reported that they 
would always use IHC in the diagnosis of an oncocytoma, 
regardless of the prior morphologic features, and another 
subset of 8 (13%) would not use IHC at all (Question #16).

Around half of the survey participants (n = 32; 51%) 
would utilize the terminology “low-grade oncocytic tumor 
(LOT)” for an oncocytic tumor diffusely positive for kera-
tin 7 and negative for KIT; 12 (19%) would diagnose it as 
oncocytoma or chromophobe RCC, and another 14 (22%) 
would report these lesions along with a differential diagno-
sis and with a comment stating that while the morphology 

and IHC are similar to those that have been described for 
LOT, the tumor has not been fully characterized and patient 
outcome associated with these tumors may not yet be fully 
understood. A subset of pathologists still preferred labeling 
these lesions as “RCC-unclassified” or “unclassified low-
grade oncocytic neoplasm” (Question #17).

In response to a case scenario, 21 (33%) pathologists 
would label a renal tumor as unclassifiable if it showed a 
mixture of eosinophilic papillary and non-papillary mor-
phology without cystic areas and diffuse positivity for kera-
tin 20, in which FH and SDHB are retained/normal within 
the tumor cells; 32 (51%) respondents would categorize such 
a tumor as ESC RCC (Question #18).

Regarding the routine use of cathepsin K IHC in the 
workup of oncocytic neoplasms: 23 (37%) reported using 
it only in certain scenarios to arrive at a specific diagnosis, 
12 (19%) frequently use cathepsin K IHC in most oncocytic 
neoplasms, whereas 16 (25%) noted that it was not available 
in their area of practice (Question #19). A majority (n = 39; 
62%) of participants perform TFE3 IHC, either frequently, 
or as needed, to arrive at a specific diagnosis (Question #20). 
Similarly, the majority (n = 39; 62%) would utilize TFE3 
FISH/NGS in the diagnostic work up of an eosinophilic 
renal epithelial neoplasm, either frequently, or as needed, to 
arrive at a more definitive diagnosis (Question #21).

When asked about the most appropriate terminology for a 
tumor fitting the description of the recently-described entity 
eosinophilic vacuolated tumor (EVT)/high-grade oncocytic 
tumor/renal cell carcinoma with eosinophilic vacuolated 
cytoplasm, majority (n = 34; 54%) were in favor of the termi-
nology “eosinophilic vacuolated tumor,” 10 (16%) supported 
the term “renal cell carcinoma with eosinophilic vacuolated 
cytoplasm,” and another 6 (10%) preferred the terminology 
“high-grade oncocytic tumor” (Question #22).

The most commonly applied genetic tests for the diag-
nosis of oncocytic renal neoplasms are as follows: TFE3/
FISH (n = 45; 71%), TFEB/FISH (n = 31; 49%), TSC1/NGS 
(n = 21; 33%), TSC2/NGS (n = 20;32%), and MTOR/NGS 
(n = 17; 27%); however, over half of the survey participants 
replied that they would use genetic tests very rarely (n = 35; 
56%) (Questions #23 and 24). Genetics were reported to 
be used in most/all oncocytic tumors by only 1 participant 
(2%), 25–50% of tumors by 8%, 25% of tumors or less by 
24%, and never by 11%.

The majority of participating genitourinary pathologists 
(n = 44; 70%) would ask for familial screening for extrarenal 
neoplasms such as gastrointestinal stromal tumor in a sub-
set of oncocytic renal neoplasms, particularly SDH-deficient 
RCC, whereas 19 (30%) would not (Question #25).

Regarding papillary renal neoplasm with reverse polar-
ity (PRNRP)/oncocytic papillary renal neoplasm with 
inverted nuclei: 24 (38%) felt that there is enough evidence 
to accept PRNRP as a distinct independent tumor entity, 
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16 (25%) felt that there likely would be enough evidence 
in the future, 9 (14%) responded that this tumor should be 
grouped together with papillary renal carcinoma, whereas 13 
(21%) were uncertain, and 1 (2%) felt that it is not a distinct 
entity (Question #26). Combining the responses of sufficient 
evidence now and likely in the future, this yields 63% who 
could be considered positive regarding the future incorpora-
tion of this entity into classification schemes.

Twenty-five (40%) participating uropathologists have 
encountered low-grade oncocytic renal neoplasms that are 
deficient for fumarate hydratase (FH, mimicking SDH-defi-
cient renal cell carcinoma), typically within consultation 
practice, whereas 35 (56%) have not (Question #27).

Discussion

Renal cell tumors composed of eosinophilic cells remain 
a diagnostic challenge in current practice. In recent years, 
several apparent tumor subtypes have emerged [4, 5]. On 
the one hand, behavior of eosinophilic renal cell tumors 
is in general highly favorable, and it is debatable whether 
these entities should be distinguished from the well-estab-
lished oncocytoma and eosinophilic chromophobe RCC [3]. 

However, it appears that several of these have recognizable 
morphologies that correlate with distinct immunohistochem-
ical and molecular features [4, 5]. For example, ESC RCC 
has reproducible morphology composed of solid nests of 
cells and cysts lined by cells with eosinophilic cytoplasm. 
Often the cells contain basophilic stippling of the cytoplasm, 
and positivity for keratin 20 is common, though sometimes 
focal or absent. Finally, these tumors have consistent altera-
tions in the TSC genes, lending support to distinction from 
oncocytoma and chromophobe RCC, of which TSC gene 
alterations are present in only a minority of the latter [6–12]. 
ESC RCC has been included as an entity in the current WHO 
Classification of Tumors [6]; however, other candidate renal 
tumor types with eosinophilic cells are not yet included in 
the Classification, such as LOT and EVT, which would be 
classified under “other oncocytic tumors.” PRNRP would be 
classified under papillary RCC. As such, we sought to assess 
the current acceptance of emerging oncocytic tumor entities 
across an international group of genitourinary pathologists.

Participants in the survey noted encountering eosino-
philic renal neoplasms relatively regularly, ranging from 5 
to 20% of renal tumor specimens and sometimes as much 
as 50% of consultation specimens. Difficult to classify renal 
tumors were often noted as a monthly occurrence (48% 

Fig. 1   Bar graph depicting the immunohistochemical stains of choice used by the survey participants in the differential diagnosis of eosinophilic 
renal tumors
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of responses). For renal oncocytoma, there remains some 
uncertainty as to which features are acceptable for diagnosis, 
such as how much keratin 7 reactivity, binucleation, atypia, 
or involvement of structures (vessels or fat) remain compat-
ible with the diagnosis [13]. In the current survey, we found 
that most pathologists would not render an outright diag-
nosis of oncocytoma in the biopsy setting (60%); however, 
there remain some genitourinary pathologists who would. 
This situation is debatable. On the one hand, it is difficult 
to know where the cutoff between oncocytoma and chro-
mophobe RCC should be drawn, as prognosis for oncocytic 
neoplasms in general is highly favorable, so diagnosis in 
the biopsy setting is even more challenging, without access 
to the entire tumor. However, in other organs, there is not 
a precedent that one cannot diagnose, for example, tubu-
lar adenoma of the colon or ductal carcinoma in situ of the 
breast without a comment that invasive adenocarcinoma can-
not be excluded due to sampling.

For the emerging renal tumor types, there was strongest 
support for ESC RCC as a distinct entity (70%), which is 
likely not surprising, since this has been designated as an 
entity in the current WHO Classification (Fig. 2) [6]. How-
ever, there remain some participants who felt that additional 
studies were needed, that this should be grouped with other 
entities, or (2%) that it is not a distinct entity at all. When 

considering grouping ESC RCC with other entities, a logi-
cal hypothesis would be to consider grouping the emerging 
entities with TSC/MTOR pathway alterations as a family. 
However, a limitation of such an approach is that there are 
differences in the morphology and immunohistochemistry 
of ESC RCC, LOT, and EVT that facilitate their discrimi-
nation from one another. Of these, only ESC RCC has been 
shown to definitively metastasize, also raising the possibility 
of behavioral differences. For LOT and EVT, the largest pro-
portion of respondents making up approximately half (51% 
and 44%, respectively) indicated that there was not sufficient 
evidence for these tumors as distinct entities currently, but 
there would likely be in the future. In contrast, 27% and 29%, 
respectively, felt that there was sufficient evidence already. A 
limitation of the current study is that some time has passed 
since the survey was conducted, during which support for 
these entities may have changed. The survey window also 
just preceded the beta release of the WHO Urinary Tract 
text. Although many of the authors of the current study were 
also WHO authors, it is possible that awareness of prelimi-
nary WHO drafts or lack thereof also influenced the results. 
The largest proportion of respondents would use the new 
EVT nomenclature proposed for this entity by the Genitouri-
nary Pathology Society (GUPS) consensus paper on emerg-
ing renal tumor types [5], whereas smaller numbers would 

Fig. 2   An example of eosinophilic solid and cystic renal cell carci-
noma: (A, B) this tumor is characterized by an admixture of solid and 
cystic architecture, eosinophilic cytoplasm, with coarsely granular, 

basophilic cytoplasmic stippling, and focal to diffuse immunoreactiv-
ity for keratin 20 (C)



834	 Virchows Archiv (2024) 485:829–840

still utilize prior names for this tumor type, such as RCC 
with eosinophilic vacuolated cytoplasm (16%) or high-grade 
oncocytic tumor (10%).

In brief, LOT is noted to have a monomorphic pattern 
of eosinophilic cells with round, uniform nuclei (Fig. 3). 
Perinuclear clearing (“halo”) may or may not be present. 
In contrast to oncocytoma, which typically shows a very 
small percentage of cells positive for keratin 7 in a scattered 
distribution, LOT is diffusely positive for this marker, a fea-
ture that would have likely led to consideration as eosino-
philic chromophobe RCC by some in the past. Likewise, 
contrasting to oncocytoma and chromophobe RCC, which 
are typically positive for KIT, LOT shows a negative reac-
tion [4, 14–20]. Recently, it has been noted that GATA3 is 
also consistently positive in LOT [20]. A challenge with the 
nomenclature of this tumor type is that the term LOT may be 
perceived as a descriptive nonspecific diagnosis, similar to 
terminology such as “oncocytic renal neoplasm” often used 
in the biopsy setting when a definitive diagnosis cannot be 

made. One group has recently proposed the term “principle 
cell adenoma” [21] to highlight the presumptive line of dif-
ferentiation of the tumor cells and use language that sounds 
like a more specific diagnosis.

EVT is composed of eosinophilic to pale cells with highly 
prominent nucleoli and one or more cytoplasmic vacuoles. 
There is often hyalinized stroma, and thick-walled blood ves-
sels may be present. Despite the shared molecular pathogen-
esis with LOT, keratin 7 shows only rare positivity in EVT, 
more like an oncocytoma pattern [22–26]. KIT is variable but 
often positive. Cathepsin K may be positive, which overlaps 
the phenotype of translocation-associated RCC and other 
entities. In the current survey, the most common immuno-
histochemical markers used for eosinophilic renal tumors in 
general included keratin 7 (n = 61; 97%), KIT (n = 61; 97%), 
PAX8 (n = 46; 73%), SDHB (n = 45; 71%), CA9 (n = 40; 64%), 
AMACR (n = 37; 59%), keratin 20 (n = 36; 57%), FH (n = 36; 
57%), melan A (n = 32; 51%), vimentin (n = 30; 48%), CD10 
(n = 26; 41%), and cathepsin K (n = 25; 40%). However, since 

Fig. 3   An example of low-grade oncocytic tumor: A loose cells inter-
connect with each other in an end-to-end distribution rather than 
round nests as seen in oncocytoma; B other areas show solid growth 

with round to oval nuclei, and a lack of “raisinoid” nuclei; C staining 
for keratin 7 is diffuse; D GATA3 is positive
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Fig. 4   An example of papillary renal neoplasm with reverse polarity: 
A thin arborizing papillary architecture with hyalinized papillae. The 
lining cells are cuboidal with eosinophilic finely granular cytoplasm 

containing apically located low-grade nuclei opposite to the basement 
membrane; B the tumor exhibited strong and diffuse nuclear expres-
sion for GATA3

Fig. 5   A flowchart shows 
a potential algorithm for 
discriminating eosinophilic 
renal tumors, with empha-
sis on emerging subtypes. 
Abbreviations: RCC, renal 
cell carcinoma; EVT, eosino-
philic vacuolated tumor; LOT, 
low-grade oncocytic tumor; 
ESC, eosinophilic solid and 
cystic; PRNRP, papillary renal 
neoplasm with reverse polarity; 
NOS, not otherwise specified. 
*Not all features are present in 
every tumor
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the survey was conducted, an emerging marker, GPNMB, 
appears to show promise for recognizing renal neoplasms with 
MITF family translocations and TSC/MTOR pathway altera-
tions [27, 28], which was not assessed in this study.

A recent editorial (3) raised concern that these emerging 
tumor types may be clinically insignificant. Indeed, these 
entities appear to be largely favorable, and it is not clear that 
discrimination from eosinophilic chromophobe RCC would 
have clinical impact, as the entire spectrum from oncocy-
toma to LOT, EVT, and eosinophilic chromophobe RCC 
exhibits nonaggressive behavior. It also remains difficult to 
determine the exact cutoff between oncocytoma and eosino-
philic chromophobe RCC, and aggressive behavior appears 
to occur rarely, if ever [13]. Some authors have suggested 
that regardless of specific diagnosis, active surveillance for 
oncocytic neoplasms diagnosed by renal mass biopsy is safe 
[29]. However, some possible areas of impact are that ESC 
RCC has been reported to metastasize [7], whereas the oth-
ers (EVT and LOT) have not to date. Additionally, in view 
of the TSC/MTOR pathway alterations in these tumor types, 
it appears that a subset is associated with tuberous sclerosis 
complex [26, 30, 31]. This likely resembles the situation 
with the VHL gene, in which patients with germline muta-
tion are prone to develop clear cell RCC, but patients with-
out germline mutation also can develop clear cell RCC due 
to multiple genetic “hits” to VHL. Therefore, recognizing 
these tumors, especially when multiple or in young patients, 
may suggest an inherited syndrome in a subset.

Despite the recognition of genetic alterations in these 
tumor types, utilization of genetic testing in clinical practice 
to diagnose renal tumors still appears limited. Over half of 
the survey participants indicated that they use genetic tests 
rarely (n = 35; 56%). However, the most used tests include 
TFE3 FISH (n = 45; 71%), TFEB FISH (n = 31; 49%), TSC1 
NGS (n = 21; 33%), TSC2 NGS (n = 20; 32%), and MTOR 
NGS (n = 17; 27%).

As another pattern of renal tumor with eosinophilic cells, 
we also queried perception of the tumor type now known as 
papillary renal neoplasm with reverse polarity (Fig. 4). This 
tumor type has been previously referred to as oncocytic pap-
illary RCC or papillary RCC with oncocytic cells and nono-
verlapping low-grade nuclei [32]. It was not clear that prior 
studies addressed a single homogenous diagnostic entity, and 
therefore in the past “oncocytic papillary RCC” had not gained 
traction as a specific diagnosis. However, recent scholarship 
has solidified a consistent morphology, immunohistochemi-
cal pattern, and genetic finding in this tumor type, coalescing 
largely around the name papillary renal neoplasm with reverse 
polarity [32–54]. Although tumors with papillary architecture 
may have eosinophilic cells that do not meet criteria for this 
entity [55], those with low-grade nuclei aligned toward the 
apex of the cell, coupled with immunohistochemical positivity 
for GATA3, frequent keratin 7, and negative vimentin, have a 

recurrent pattern of genetic alterations in the KRAS gene and 
favorable behavior. Although not currently included in the 
WHO Classification, this tumor is discussed under the sec-
tion regarding papillary RCC. Only 38% of respondents felt 
there was sufficient evidence for consideration of this tumor 
type as a distinct entity now; however, 63% felt that there was 
either sufficient evidence now or would be in the future. Also, 
as noted previously, since time has passed after the recogni-
tion of this pattern, acceptance may have increased since the 
survey was conducted, as a number of additional studies have 
been published [36–47].

In summary, there remains incomplete acceptance of 
emerging eosinophilic renal tumor types in current prac-
tice; however, all of the emerging entities discussed in this 
survey appear to have strong promise for eventual accept-
ance, based on collapsing responses of those who felt that 
there was sufficient evidence for a distinct entity currently 
or likely in the future, to yield 63% for PRNRP and > 70% 
for both LOT and EVT. ESC RCC is most strongly accepted 
as a distinct entity, with 70% acknowledging sufficient evi-
dence currently. This is reinforced by its inclusion in the 
current WHO Classification. Further study will be helpful 
to determine to what extent these diagnoses have clinical 
implications, since in general, eosinophilic renal tumors are 
typically highly favorable. Occurrence of a subset in the set-
ting of tuberous sclerosis may be one clinical implication for 
a subset. A potential diagnostic algorithm for these entities 
is shown in Fig. 5.
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