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A distinct renal tumor has recently been described as “high-grade oncocytic renal tumor” and “sporadic renal cell carcinoma with
eosinophilic and vacuolated cytoplasm”. The Genitourinary Pathology Society (GUPS) consensus proposed a unifying name
“eosinophilic vacuolated tumor” (EVT) for this emerging entity. In this multi-institutional study, we evaluated 19 EVTs, particularly their
molecular features and mutation profile, using next-generation sequencing. All cases were sporadic and none of the patients had a
tuberous sclerosis complex. There were 8 men and 11 women, with a mean age of 47 years (median 50; range 15–72 years). Average
tumor size was 4.3 cm (median 3.8 cm; range 1.5–11.5 cm). All patients with available follow-up data (18/19) were alive and without
evidence of disease recurrence or progression during the follow-up, ranging from 12 to 198 months (mean 56.3, median 41.5 months).
The tumors were well circumscribed, but lacked a well-formed capsule, had nested to solid growth, focal tubular architecture, and
showed ubiquitous, large intracytoplasmic vacuoles, round to oval nuclei, and prominent nucleoli. Immunohistochemically, cathepsin K,
CD117, CD10, and antimitochondrial antigen were expressed in all cases. Other positive stains included: PAX8, AE1/AE3 and CK18. CK7
was typically restricted only to rare scattered cells. Vimentin, HMB45, melan-A, and TFE3 were negative in all cases. All tumors showed
retained SDHB. All cases (19/19) showed non-overlapping mutations of the mTOR pathway genes: TSC1 (4), TSC2 (7), and MTOR (8); one
case with MTOR mutation showed a coexistent RICTOR missense mutation. Low mutational rates were found in all samples (ranged
from 0 to 6 mutations/Mbp). Microsatellite instability and copy number variations were not found in any of the 17 analyzable cases. EVT
represents an emerging renal entity that shows a characteristic and readily identifiable morphology, consistent immunohistochemical
profile, indolent behavior, and mutations in either TSC1, TSC2, or MTOR genes.
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INTRODUCTION
Recently, two studies have described a distinct renal tumor,
previously unrecognized and not listed in the 2016 WHO

classification, that emerged from the group of difficult to classify
eosinophilic (oncocytic) renal tumors1,2. This novel type of renal
tumor had a readily recognizable morphology and was composed

Received: 5 May 2021 Revised: 27 August 2021 Accepted: 1 September 2021
Published online: 14 September 2021

1Department of Pathology, Colentina Clinical Hospital, Bucharest, Romania. 2Onco Team Diagnostic, Bucharest, Romania. 3Department of Pathology, Oklahoma University School
of Medicine, Oklahoma, USA. 4Department of Pathology and Laboratory Medicine, Cumming School of Medicine, University of Calgary, Calgary, Alberta, Canada. 5Caris Life
Sciences, Phoenix, AZ, USA. 6Department of Pathology, Tufts Medical Center, Boston, MA, USA. 7Department of Pathology, British Columbia University, Vancouver, Canada.
8Robert J. Tomsich Pathology and Laboratory Medicine Institute, Cleveland Clinic, Cleveland, OH, USA. 9Department of Pathology, School of Medicine, University of Alabama,
Birmingham, AL, USA. 10Cancer Diagnosis and Pathology Group, Kolling Institute of Medical Research, Royal; North Shore Hospital, St Leonards, NSW, Australia. 11University of
Sydney, Sydney NSW Australia 2006; NSW Health Pathology Department of Anatomical Pathology, Royal North Shore Hospital, St Leonards, NSW, Australia. 12Department of
Pathology, University of Washington, School of Medicine, Seattle, WA, USA. 13Department of Pathology, Cruces University Hospital, Biocruces-Bizkaia Institute, Barakaldo, Spain.
14Department of Pathology, Institute Nacional de Cancerologia, Mexico City, Mexico. 15Department of Pathology, Stradin´s University, Riga, Latvia. 16Department of Pathology,
Sorbonne Université, Service d’Anatomie et Cytologie Pathologiques, Hôpital Tenon, Paris, France. 17Department of Pathology, University of Vienna, Vienna, Austria.
18Department of Pathology, McGill University, Montreál, QC, Canada. 19Department of Pathology, El Camino Hospital, Mountain View, CA, USA. 20Department of Pathology, Heath
Science Centre, St. John’s, NL, Canada. 21Department of Biology and Medical Genetics, 2nd Faculty of Medicine, Charles University in Prague and Motol University Hospital,
Prague, Czech Republic. 22Department of Pathology, University of Szeged, Szeged, Hungary. 23Department of Pathology, Charles University, Medical Faculty and Charles
University Hospital Plzen, Plzen, Czech Republic. 24Department of Pathology, University of Erlangen, Erlangen, Germany. 25Department of Pathology, Universitätsklinikum
Hamburg-Eppendorf, Hamburg, Germany. 26Department of Pathology, Alfa Medical, Bratislava, Slovakia. 27Department of Pathology, University Hospital Ostrava, Ostrava, Czech
Republic. 28Department of Pathology, University Hospital Nitra, Nitra, Slovakia. 29Department of Pathology, University of Toronto, Toronto, ON, Canada. 30Department of Urology,
University of Erlangen, Erlangen, Germany. 31Department of Urology, Charles University, Medical Faculty and Charles University Hospital Plzen, Plzen, Czech Republic. 32These
authors contributed equally: Trpkov Kiril, Hes Ondrej. ✉email: hes@biopticka.cz

www.nature.com/modpathol

http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-021-00923-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-021-00923-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-021-00923-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-021-00923-6&domain=pdf
http://orcid.org/0000-0003-3142-8846
http://orcid.org/0000-0003-3142-8846
http://orcid.org/0000-0003-3142-8846
http://orcid.org/0000-0003-3142-8846
http://orcid.org/0000-0003-3142-8846
http://orcid.org/0000-0002-3898-1460
http://orcid.org/0000-0002-3898-1460
http://orcid.org/0000-0002-3898-1460
http://orcid.org/0000-0002-3898-1460
http://orcid.org/0000-0002-3898-1460
http://orcid.org/0000-0003-1219-3797
http://orcid.org/0000-0003-1219-3797
http://orcid.org/0000-0003-1219-3797
http://orcid.org/0000-0003-1219-3797
http://orcid.org/0000-0003-1219-3797
http://orcid.org/0000-0002-0819-9638
http://orcid.org/0000-0002-0819-9638
http://orcid.org/0000-0002-0819-9638
http://orcid.org/0000-0002-0819-9638
http://orcid.org/0000-0002-0819-9638
http://orcid.org/0000-0003-0842-5348
http://orcid.org/0000-0003-0842-5348
http://orcid.org/0000-0003-0842-5348
http://orcid.org/0000-0003-0842-5348
http://orcid.org/0000-0003-0842-5348
http://orcid.org/0000-0002-2561-4717
http://orcid.org/0000-0002-2561-4717
http://orcid.org/0000-0002-2561-4717
http://orcid.org/0000-0002-2561-4717
http://orcid.org/0000-0002-2561-4717
http://orcid.org/0000-0002-0445-8161
http://orcid.org/0000-0002-0445-8161
http://orcid.org/0000-0002-0445-8161
http://orcid.org/0000-0002-0445-8161
http://orcid.org/0000-0002-0445-8161
http://orcid.org/0000-0002-5049-0189
http://orcid.org/0000-0002-5049-0189
http://orcid.org/0000-0002-5049-0189
http://orcid.org/0000-0002-5049-0189
http://orcid.org/0000-0002-5049-0189
http://orcid.org/0000-0002-3236-3127
http://orcid.org/0000-0002-3236-3127
http://orcid.org/0000-0002-3236-3127
http://orcid.org/0000-0002-3236-3127
http://orcid.org/0000-0002-3236-3127
https://doi.org/10.1038/s41379-021-00923-6
mailto:hes@biopticka.cz
www.nature.com/modpathol


of eosinophilic (oncocytic) cells with large intracytoplasmic
vacuoles, atypical nuclear features with prominent nucleoli, and
exhibited a relatively consistent immunohistochemical profile. The
initial names proposed for this tumor were “high-grade oncocytic
renal tumor (HOT)” by He et al.1 and “sporadic renal cell carcinoma
with eosinophilic and vacuolated cytoplasm” by Chen et al.2. All
patients included in these two studies presented with non-
syndromic, solitary tumors, and both studies described virtually
the same tumor morphology and immunoprofile. All reported
tumors had indolent behavior, although with relatively limited
follow-up data. One additional case was subsequently documen-
ted in a patient with tuberous sclerosis complex (TSC)3, in contrast
to the previously reported sporadic cases. The prevalence of this
type of tumor in a sporadic and syndromic setting is currently
unknown.
The molecular insights into this entity have so far been limited.

Chen et al. found somatic inactivating mutations of TSC2 in 3/5
tumors tested, activating mutations of MTOR in 2/5 tumors tested,
additionally loss of chromosome 1 in both cases showing an MTOR
mutation, consistent with a hyperactive MTOR complex. He et al.
also found loss of chromosome 1 (3/9), but also of chromosome 19
(4/9 cases), and loss of heterozygosity at 16p11 (3/3 cases) and
7q31 (2/3 cases) were observed. No other chromosomal gains or
losses were found in both studies.
Most recently, a unifying consensus name for this entity,

“eosinophilic vacuolated tumor” (EVT) has been proposed by the
Genitourinary Pathology Society (GUPS)4, to reflect the most
salient morphologic features of this entity. GUPS proposed that
EVT should be considered an “emerging renal entity”, requiring
additional work and validation.
Therefore, the aim of this study was to further characterize EVT,

to evaluate and validate its molecular features and mutation
profile, focusing specifically on investigating the alterations of the
mTOR pathway.

MATERIAL AND METHODS
Case selection
A total of 25 cases were initially considered as possible EVT, primarily based
on the morphology. Only 3 of these were previously included in the He
et al. study (cases #1, #3, and #9 in the current study)1. However, these
cases were initially not analyzed more comprehensively for molecular-
genetic changes, and in the current study we provide an updated follow-
up for these cases. The 22 new cases were identified and collected from
the files of the University Hospital Plzen, University of Calgary, Cleveland
Clinic, Institute Nacional de Cancerologia Mexico City, University of
Washington, Seattle, University of Sydney, Hôpital Tenon Paris, University
of Alabama at Birmingham, Stradin´s University, Riga, University of Toronto,
McGill University, University of Szeged, University of Erlangen, Universi-
tätsklinikum Hamburg-Eppendorf, Alfa Medical, Bratislava, University
Hospital Ostrava, University Hospital Nitra, and Cruces University Hospital,
Barakaldo. All available clinical and other data were obtained from the files
of the participating institutions.
Two pathologists performed a final review of all cases (OH and KT) with a

critical evaluation of the morphology, immunohistochemical profile, and
molecular-genetic features. The final cohort included in the study
consisted of 19 cases, based on the morphologic features, immunohisto-
chemical profile, and molecular-genetic features. Six cases were excluded
from the final cohort. One case was excluded because the DNA quality was
insufficient for a complete molecular-genetic analysis, although this case
fulfilled the morphologic criteria and the immunohistochemical profile for
an EVT. Two patients had FLCN mutations, but not TSC1, TSC2, and MTOR
mutations, despite some morphologic and immunohistochemical simila-
rities to EVT. On further investigation, one patient had a single renal tumor
(1.7 cm), skin lesions, family history of renal tumors, and a pneumothorax
in the past, but was never tested genetically for Birt-Hogg-Dubé (BHD); the
second patient had a single renal tumor (1.5 cm), but no history of BHD.
Finally, 3 additional cases demonstrated no mutations of TSC1, TSC2, and
MTOR when analyzed by the next-generation sequencing (NGS) panel used
in this study, although they showed a morphologic similarity with EVT on
the initial evaluation. No other significant molecular changes were

identified in these 3 cases. Detailed information about the 6 excluded
cases is provided in the Supplementary Tables 1 and 2.

Immunohistochemistry
All immunohistochemical (IHC) stains were performed at a single
laboratory (University Hospital Plzen), using a Ventana Benchmark XT
automated stainer (Ventana Medical System, Inc., Tucson, AZ, USA). The
following primary antibodies were used: cytokeratin (polyclonal: AE1-AE3
and PCK26, Ventana, RTU), CK18 (DC 10, monoclonal, DakoCytomation,
Carpinteria CA, 1: 100), CK7 (OV-TL12/30, monoclonal, DakoCytomation,
1:200), cytokeratin 20 (M7019, monoclonal; Dako; 1:100), racemase/AMACR
(P504S, monoclonal; Zeta, Sierra Madre, CA; 1:50), vimentin (V9, mono-
clonal; Cell Marque, Rocklin, CA; RTU), Ki-67 (monoclonal, MIB-1, 1:400,
Dako), TFE3 (monoclonal, MRQ-37, RTU, Ventana Medical System, Inc.), c-kit
(CD117, polyclonal, DakoCytomation, 1:300), CD10 (Sp67, monoclonal,
Ventana, RTU), anti-melanosome (HMB45, monoclonal, DakoCytomation,
1:200), Melan A (A103, monoclonal, Ventana, RTU), PAX 8 (MRQ-50,
monoclonal, CellMarque, Rocklin, CA, RTU), antimitochondrial antibody
(113-1, monoclonal, Biogenex, San Ramon, CA, 1:500), SDHB (polyclonal,
Sigma Aldrich, St. Luis, MO, 1:50), cathepsin K (3F9, monoclonal, Abcam,
Cambridge, UK, 1:400). Primary antibodies were visualized using a
supersensitive streptavidin-biotin-peroxidase complex (BioGenex). Internal
biotin was blocked using the standard protocol for the Ventana Benchmark
XT automated stainer (hydrogen peroxide based). Appropriate positive and
negative controls were used. IHC result were interpreted as follows: (−) if
0% of neoplastic cells were positive; (+/−) <10% of cells positive); (+)
10–25% of cells positive; (++) >25–50% of cells positive; (+++); >50–75%
of cells positive; and (++++) >75–100% of cells positive.

Next-generation sequencing
The tumor DNA samples were profiled using massively parallel sequencing
of exons from 592 genes (SureSelect XT, Agilent, Santa Clara, CA and the
NextSeq instrument, Illumina, San Diego, CA), as previously described5. The
tumor mutational burden (TMB) was assessed by calculating the number of
nonsynonymous missense mutations, excluding common germline var-
iants, in one megabase of DNA. TMB was considered high if ≥11
mutations/megabase (muts/Mb) were detected6 Microsatellite instability
(MSI) was calculated from the NGS data by direct analysis of short tandem
repeat tracts in the target regions of sequenced genes. The count only
included alterations that resulted in increases or decreases in the number
of repeats; high microsatellite instability (MSI-H) was defined as ≥46 altered
microsatellite loci. This threshold was established by comparing NGS
results with PCR-based microsatellite fragment analysis results in
~2100 samples7.

RESULTS
Clinicopathologic and immunohistochemistry results
Clinicopathologic data and immunohistochemistry results are
summarized in Table 1. There were 8 men and 11 women (M:F=
1:1.4), with a mean patient age of 47 years (median 50; range
15–72 years). Average tumor size was 4.3 cm (median 3.8; range
1.5–11.5 cm). Pathologic stage pT1a was found in 12/18 cases,
5/18 were pT1b, and 1/18 was pT2b (tumor size and stage
information was not available for case #19). All patients (18/19)
with available follow-up data were alive and without evidence of
disease (recurrence or progression) during the follow-up, ranging
from 12 to 198 months (mean 56.3, median 41.5 months).
Grossly, all tumors were circumscribed and solid, lacked a well-

formed capsule, macrocysts, and necrosis. The cut surface was
gray, tan-mahogany or dark brown (Fig. 1). On microscopy, the
common architectural patterns included solid, compact acinar,
nested, or broad trabecular, as well as focal tubular or tubulocystic
architecture. Prominent thick-walled vessels were typically present
at the periphery and small non-neoplastic tubules were often
entrapped at the periphery. The neoplastic cells had prominent
membranes and voluminous eosinophilic cytoplasm, usually non-
homogeneous, with variable granularity, typically condensed
toward the cell periphery, reminiscent of chromophobe RCC
(ChrRCC). Importantly, the cells had ubiquitous and large
intracytoplasmic vacuoles and round to oval nuclei, with more
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granular to coarse chromatin, and prominent nucleoli (corre-
sponding to WHO/ISUP grade 3), although often even larger
inclusion-like nucleoli were found in virtually all cases. Mitoses
were an exceptionally rare finding.
On immunohistochemistry, cathepsin K was expressed in all

cases, as well as CD117 (in some cases, both were focal) (Fig. 2). All
tumors were also positive for CD10 and antimitochondrial antigen
(MIA). Other positive stains (not listed in Table 1) included PAX8,
AE1/AE3, and cytokeratin (CK) 18; SDHB were retained in all cases,
exhibiting strong and diffuse reactivity. AMACR was also variably
positive in the majority of cases (16/19). CK7 was typically very
focal and limited, restricted to scattered positive cells, usually not
exceeding 10% of neoplastic cells overall. Focal CK20 reactivity
was also noted in 6/18 evaluated tumors, typically limited and very
focal. All tumors were completely negative for vimentin. Other
negative stains (not listed in Table 1) included HMB45, Melan-A,
and TFE3. Ki67 reactivity was very low in most of the cases (<1%),
typically with 0–3 positive cells/high-power field.

Molecular results
Molecular-genetic findings are summarized in Table 2 and Fig. 3.
All 19 analyzed cases showed non-overlapping mTOR pathway
mutations in either TSC1, TSC2, or MTOR genes. Four cases showed
exclusive pathogenic TSC1 gene mutations. TSC2 gene mutations
were identified in 7 cases. Single pathogenic (or likely pathogenic)
MTOR gene mutations were identified in 8 cases; one of these
showed a coexistent RICTOR missense mutation (case #7). Low
mutational rates were found in all samples, ranging from 0 to 6
mutations/Mbp. Microsatellite instability and copy number varia-
tions were not found in any of the 17 analyzable cases. Оf note,
two cases (#3 and #9) that lacked copy number variations in the
current study, were also analyzed in the previous study by He et al.
and showed −19p and −1, +19p, respectively (shown as cases #2
and #12)1. The differences in the results for these two cases likely
stem from the methodological differences in the techniques used.
While He et al. used CGH microarray analysis, which is
comprehensive genome-wide screen for copy gains and losses,
in the current study we only screened for isolated gene

amplifications (at least six copies) involving a specific gene panel,
which allows for a less detailed chromosomal analysis.

DISCUSSION
This study represents the largest molecular evaluation series of
EVT reported to-date, assembled through a multi-institutional
collaboration. Importantly, we confirmed non-overlapping mTOR
pathway genes mutations in all studied cases, which further
confirms and validates the molecular profile of EVT2. All EVT cases
included in this series showed mutually exclusive alterations of
TSC1 (4/19), TSC2 (7/19), or MTOR (8/19) genes. Although only
single inactivating TSC1 and TSC2 gene mutations were detected
in some samples, two different mutations were found in other
cases (e.g., case #1, #3, #4, #14, #15, and #19); it is presumed that
the samples with only one detected mutation had biallelic
inactivation either due to synonymous mutations or LOH. This
discrepancy can be explained by the limitations of the methodol-
ogy used, which does not capture the intronic or promoter
regions of the gene, including the LOH or epigenetic changes. We
can only speculate on the significance of the concomitant MTOR/
RICTOR alterations observed in one tumor (case #7) and their role
as possible co-oncogenic drivers, as postulated recently in non-
small cell lung cancer8. Nevertheless, the consistent molecular
profile observed in this study, in addition to the characteristic
morphology and immunoprofile, further support the notion that
EVT truly represents a distinct renal entity. Of note, none of the 19
patients showed clinical features or other findings (for example
renal angiomyolipomas) typically associated with TSC, indicating
the sporadic nature of the studied tumors. Lastly, all patients with
renal EVTs were alive and without evidence of disease recurrence
or progression during the follow-up, which further supports the
initial observations that this likely represents an indolent
tumor type.
In 2018, He et al. presented a study that included a multi-

institutional series of 14 cases, and proposed that this renal tumor
potentially represents a distinct entity; some of the authors of the
current study also participated in that study1. He et al. initially

Table 1. Clinicopathologic features, follow-up, and immunohistochemical findings in patients with eosinophilic vacuolated tumor (EVT).

Patient Age (years) Gender Size (cm) Follow-up (months)a CD117 CK7 CK20 Cathepsin K CD10 MIA AMACR Vimentin

1 37 F 3.1 52 ++ +/− − ++++ ++++ ++++ +++ −

2 52 M 4.1 36 ++ +/− − +++ +++ ++++ − −

3 59 F 1.5 162 ++++ +/− +/− ++++ ++++ ++++ +++ −

4 63 F 2.5 198 +++ +/− NA + +++ ++++ + −

5 68 F 4.5 48 +++ +/− − ++++ +++ ++++ − −

6 31 F 3.5 31 ++++ +/− − +++ ++++ +++ − −

7 25 M 3.8 75 ++++ +/− − ++ ++++ ++++ +++ −

8 72 M 3.5 144 + +/− − ++++ ++ ++++ ++ −

9 54 M 2.6 50 +++ +/− − ++ +++ ++++ ++ −

10 59 F 4.0 18 +++ − − + ++ + + −

11 50 M 5.5 12 +++ +/− − +++ +++ + + −

12 15 M 11.5 19 +++ +/− − + +++ + + −

13 69 F 4.0 47 + − + +++ ++++ ++++ ++ −

14 27 F 3.0 58 +++ +/− + ++++ +++ ++++ ++++ −

15 36 F 4.0 NA + − + +++ ++++ +++ ++ −

16 61 F 5.0 15 +/− + + +++ ++++ ++++ +++ −

17 42 M 7.0 18 +/− − − +++ NA ++++ + −

18 64 M 2.5 16 ++ − − +++ ++++ + ++ −

19 44 F NA 15 ++ + + ++++ +++ + + −

NA not available, CK cytokeratin, MIA antimitochondrial antigen, AMACR Alpha Methylacyl-CoA Racemase.
aAll patients with available follow-up were alive and without evidence of disease (recurrence or progression) during the follow-up. Immunohistochemistry:
(+/−) <10% of cells positive); (+) 10–25% of cells positive; (++) >25–50% of cells positive; (+++); >50–75% of cells positive; (++++) >75–100% of cells
positive; (−) negative.
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designated this type of tumor as “high-grade oncocytic tumor”
(HOT)1. 9/14 cases of the initial study were analyzed by aCGH,
although a more extensive molecular-genetic analysis was not
performed. Subsequently, in 2019, Chen et al. reported a single-
institution series of 7 cases, designated “sporadic renal cell
carcinomas with eosinophilic and vacuolated cytoplasm”, demon-
strating virtually identical clinicopathologic and histomorphologic
features2. In 5/7 cases, in which they performed molecular
analysis, 3 had a TSC2 inactivating mutations (2 with independent
TSC2 mutations). The other 2 analyzed cases harbored a MTOR
c.7280T>G, p.(L2427R) mutation. In the current study, we found
that MTOR mutations were slightly more frequent than the TSC2
ones (8 and 7 cases, respectively); in addition, we also found 4
cases with TSC1 mutations. Both cases with MTOR activating
mutations in the study by Chen et al.2 also had a loss of
chromosome 1, as shown initially by He et al.1. The presence of
hyperactive mTORC1 signaling was supported by the diffuse
immunohistochemical staining for p-S6 and p-4EBP12.

Similar to the current series, all patients in the two initial studies
presented with solitary, tan-yellow to brown tumors, and had no
prior history of syndromic associations, including TSC1,2. All initially
reported tumors were stage pT1a or pT1b, with identical mean
size of 3.4 cm, ranging from 1.5 to 7 cm1,2. Regarding the
immunoprofile, the evaluated cases in these two series were
Cathepsin K positive (negative in only 1 case); 9/14 cases in
the series by He et al. also had CD117 expression, while CK7 was
either negative or only focally positive in both studies1,2. CD10
expression was documented in 12/13 cases in the He et al. study
(not performed by Chen et al.)1. The remaining immunoprofile
documented in the He et al. study essentially mirrored the
findings of the current study. Examples of EVT (HOT) were also
studied by electron microscopy and demonstrated numerous
intracytoplasmic mitochondria resembling the findings in renal
oncocytoma9. In the study by He et al., 10 patients with available
follow-up were without disease progression after a mean follow-
up of 28 months (range 1–112 months)1. Similarly, Chen et al. also

Fig. 1 Eosinophilic vacuolated tumor (EVT) - gross and morphologic features. A EVT is a grossly a circumscribed and solid tumor, and lacks
a well-formed capsule, macrocysts, and necrosis. The cut surface can be gray (as shown), tan-mahogany or dark brown. B On microscopy, they
often show solid growth, and large thick-walled vessels are typically found at the periphery, with entrapped non-neoplastic tubules. C The
neoplastic cells have large intracytoplasmic vacuoles. D, E Other growth patterns include tubular and nested, often set in stromal areas in the
background. F The neoplastic cells, in addition to large vacuoles, have voluminous eosinophilic cytoplasm, round to oval nuclei, and often
very prominent nucleoli, that focally may appear as inclusions.
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Fig. 2 Eosinophilic vacuolated tumor (EVT) – immunohistochemistry. A On immunohistochemistry, cathepsin K was expressed in all cases.
Of note, in some cases we have also noted a focal membranous (or submembranous) pattern, in addition to the cytoplasmic one, that was
more common. B Reactivity for CD117 was also found in all cases (in some cases, both cathepsin K and CD117 were focal). C All tumors were
also positive for CD10. D CK7 was typically very focal and found in only scattered cells; in some cases, only very rare CK7 positive cells were
present (inset).

Table 2. Molecular-genetic findings: mutations in TSC1, TSC2, MTOR, and RICTOR, copy number variation in tested genes.

Case TSC1 TSC2 MTOR RICTOR CNV

1a c.1997+1G>T; c.2278A>T w.t. w.t n/a None

2 c.2374C>T w.t. w.t. w.t. None

3a n/a c.5161-1G>T; c.1373_1393del21 n/a n/a None

4 n/a c.1801_1802delinsT; c.911G>A n/a n/a None

5 n/a c.784delA n/a n/a None

6 n/a w.t. c.7280T>G n/a None

7 w.t. w.t. c.7257_7259delinsTGT c.910C>A n/a

8 w.t. w.t. c.7280T>A w.t. None

9a w.t. w.t. c.5930C>A w.t. None

10 w.t. w.t. c.7280T>C w.t. None

11 c.2299C>T w.t. w.t. w.t. None

12 w.t. w.t. c.7280T>G w.t. None

13 w.t. w.t. c.4343_4363del w.t. None

14 c.1548_1550delinsTC; c.736A>G w.t. w.t. w.t. None

15 w.t. c.953_959del; c.4650_4651del w.t. w.t. None

16 w.t. c.2384del w.t. w.t. None

17 w.t. w.t. c.7280T>A w.t. None

18 w.t. c.5227C>T w.t. w.t. None

19 w.t. c.4803dup; c.5238_5255del w.t. w.t. None

w.t. wild type, n/a not analyzable/available.
aPublished in Virchows Archives 2018.
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reported an indolent behavior in all 5 patients with available
median follow-up of 12 months (range 10–128 months)2.
One female patient with EVT (designated as “HOT”) was

subsequently reported in a TSC patient3. However, this patient
had a known history of TSC and also had multiple small
angiomyolipomas and one small renal cell carcinoma with
fibromyomatous (angioleiomyomatous) stroma, adjacent to the
EVT3, as typically seen in TSC patients10. In our opinion, similar or
virtually identical tumors to EVT, according to our assessment of
the available illustrations and provided data, have also been
included in some recent studies, albeit designated with different
names. For example, such tumors with similar morphology
harboring TSC mutations have been included in a series of
“eosinophilic renal tumors“11. Further, some examples illustrated
in the study by Palsgrove et al. (listed as cases #6 and #7) may also
represent EVT, rather than eosinophilic solid and cystic renal cell
carcinoma (ESC RCC), as proposed by the authors12. Taking into
account that several studies used different terminology to
describe essentially the same renal tumor type, the Genitourinary
Pathology Society (GUPS) consensus group has recently proposed
a new unifying name “eosinophilic vacuolated tumor“ (EVT) for
this entity4. The proposed name reflects the typical morphologic
features (“eosinophilic and vacuolated”), and avoids the “high-
grade” descriptive characterization used initially; the term “tumor”
instead of “carcinoma” was preferred, given that all reported cases
so far had indolent behavior4.
In our view, the most important differential diagnostic category

for EVT are those tumors that are difficult to classify and exhibit
‘borderline’ or overlapping features between oncocytoma and
ChrRCC, which can be found either in syndromic or sporadic
setting10,13–17. Such eosinophilic (oncocytic) tumors with over-
lapping morphologies pose a common diagnostic dilemma and
do not fit into any of the currently recognized renal tumor
categories in the WHO classification13,18. In brief, the typical EVT
morphology is beyond the morphologic spectrum of renal
oncocytoma, despite the IHC similarities that include reactivity
for CD117, accompanied by focal CK7 expression, typically
restricted to scattered cells or cell clusters. Although the “plant
cell-like” pattern of classic ChrRCC can superficially resemble EVT,
ChrRCC lacks marked cytoplasmic vacuoles, “atypical” nuclear
features with very prominent nucleoli, and exhibits irregular
(“raisinoid”) nuclei, not seen in EVT. Although both oncocytoma
and ChrRCC demonstrate CD117 reactivity, they are negative for
cathepsin K, as seen in EVT. Of note, ChrRCC also typically shows
diffuse CK7 reactivity, unlike EVT.
The recent GUPS update on the novel developments in existing

renal tumors proposed the term “oncocytic renal neoplasm of low
malignant potential, not further classified”, when referring to
solitary and sporadic, difficult to classify ‘borderline’ tumors with

overlapping features between oncocytoma and ChrRCC.19. Her-
editary cases, that are typically multifocal and bilateral, should
exclusively be named “hybrid oncocytic tumors”. Such cases with
“hybrid” morphology in the setting of BHD syndrome are often
characterized by scattered clusters and individual cells with clear
cytoplasm, exhibiting a “checkerboard” mosaic pattern. Indeed,
we found a significant morphologic and immunoprofile overlap
between EVT and two similar tumors that had FLCN mutation.
These tumors were initially considered as possible EVTs, but were
excluded from the final cohort because both lacked TSC/MTOR
mutations and showed instead FLCN mutations (Fig. 4A, B). One of
these patients likely had an inherited BHD syndrome, and one
likely had a new somatic mutation, without the BHD stigmata.
These two cases demonstrated similar morphology to EVT, despite
some subtle differences, such as a mosaic-type pattern and
absence of prominent nucleoli (i.e., high-grade nuclear features)
and they also had immunohistochemical similarities with EVT (see
Supplementary Tables 1 and 2). From a practical standpoint, we
would consider those cases with documented FLCN mutations
(and absent TSC/MTOR mutations) as “hybrid oncocytic tumors”. For
the sake of the study clarity, we also excluded 4 additional cases:
one case because it had low DNA quality that did not allow to
perform all genetic studies, and 3 cases that had similar
morphology and immunohistochemical profile (CD117, CD10,
cathepsin K, and MIA positive) to EVT, but had no identifiable
mutations of TSC1, TSC2, and MTOR (Fig. 4C, D). It is possible that
these cases may have had undetected TSC/MTOR mutations when
analyzed by the NGS panel applied in this study; however, they
also lacked other identifiable mutations. Such cases are currently
best considered “renal oncocytic neoplasms, not otherwise speci-
fied”. If signing out such cases in practice, one may add“with EVT-
like features”.
Other, less common renal tumors that can potentially mimic

EVT include MiTF RCC (TFEB and TFE3), SDH-deficient RCC, and
ESC RCC, another novel renal entity and their distinguishing
features have been covered in several recent reviews4,9,18,20.
Regarding the similarities with ESC RCC, EVT indeed shares
molecular similarities that include the presence of TSC2 and TSC1
mutations and activation of the mTOR pathway; additionally, rare
examples of both entities have been found in TSC patients. EVT
can be distinguished from ESC RCC primarily on morphology, as it
typically lacks a macrocystic gross component (typically found in
ESC RCC), has large cytoplasmic vacuoles (not usually seen in ESC
RCC), and generally lacks the coarse cytoplasmic granularity seen
in ESC RCC (such granularity can however rarely be found in some
EVTs). There are also IHC differences between EVT and ESC RCC.
EVT typically exhibits CD117+/vimentin−/CK20− profile (though
rare cases may show focal CK20+ cells), which is different from the
typical ESC RCC immunoprofile CD117−/vimentin+/CK20+4.

Fig. 3 Eosinophilic vacuolated tumor (EVT) – molecular findings. All 19 analyzed cases showed non-overlapping mTOR pathway
substitution mutations in either TSC1, TSC2, or MTOR genes. In some cases, combinations of splice-missense, splice-frameshift, frameshift-
missense, or dual frameshift mutations were found. The mutation details are shown in Table 2.
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Cathepsin K is also positive in the majority of ESC RCC and in EVT.
In EVT, the positivity is either diffuse (most of the cases) or focal; in
some cases, we have also noticed a focal membranous pattern
(possibly a submembranous condensation), in addition to the
more common cytoplasmic one. In ESC RCC, the positivity for
cathepsin K is often patchy, cytoplasmic, with rare cases showing
either diffuse reactivity or, very rarely, complete absence of
staining4,12,21.
TSC/MTOR mutations appear to be more commonly found

in some other novel renal entities, for example RCC with
fibromyomatous stroma9,12,18,22–25. However, such mTOR path-
way mutations have also been found in AML (or PEComas), and
in some common renal tumors, such as metastatic clear cell RCC
or papillary RCC26–29, acquired cystic disease associated (ACD)
RCC25, and in rare examples of “unclassified aggressive RCCs”30.
It appears that the tumors with TSC/MTOR mutations represent a
diverse group of renal neoplasms showing variable morpholo-
gies and immunoprofiles, and different biologic behaviors.
Thus, the introduction of a potential concept of “TSC-associated
renal tumor family”, although appealing, is currently unjustifi-
able, based on the available evidence, and requires further
study4.
In summary, EVT is an emerging low-grade renal entity that can

be either diagnosed or suspected on morphology, and shows a
relatively uniform immunohistochemical profile. We confirmed in
this study that EVT is consistently associated with mTOR pathway
abnormalities, including non-overlapping mutations in MTOR,
TSC2, and TSC1. All reported cases so far, including the ones from
this study, exhibited an indolent behavior. The findings from our
study strongly support the conclusion that EVT should be
recognized as a distinct and novel renal entity.
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