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Abstract

Renal cell tumors with eosinophilic/oncocytic cells include 
oncocytic papillary renal neoplasm with reverse polarity, on-
cocytoma, chromophobe renal cell carcinoma, hybrid onco-
cytic/chromophobe renal tumor, succinate dehydrogenase-
deficient renal cell carcinoma, translocation-associated renal 
cell carcinoma, etc. Recently, several novel and evolving 
oncocytic renal tumors have been identified, such as eo-
sinophilic solid and cystic renal cell carcinoma, eosinophilic 
vacuolated tumor, and low-grade oncocytic tumor. In addi-
tion, fumarate hydratase-deficient renal cell carcinoma oc-
casionally presents with a low-grade oncocytic morphology. 
Although these entities demonstrate some overlapping mor-
phological features with oncocytoma and chromophobe renal 
cell carcinoma, they do have some unique morphological, im-
munohistochemical, and molecular profiles. In this review, 
we present an update on selected oncocytic renal cell tumors 
(eosinophilic vacuolated tumor, low-grade oncocytic tumor, 
eosinophilic solid and cystic renal cell carcinoma, low-grade 
fumarate hydratase-deficient renal cell carcinoma, and hy-
brid oncocytic/chromophobe renal tumor) and discuss their 
morphologies, immunohistochemical profiles, molecular ge-
netic profiles, and biological behaviors.
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Introduction
With advances of immunohistochemical and molecular tech-
nologies, the number of renal cell carcinoma/tumor subtypes 
has been consistently increasing. Several subtypes of new 
and emerging renal tumors have been recently described 

since the publication of the 2016 World Health Organization 
(WHO) classification of renal cell tumors, and they have been 
included in the 2022 WHO Classification of Tumors-Urinary 
and Male Genital Tumors.1,2 Among the various types of re-
nal cell neoplasms, some of them with predominantly eosino-
philic cells pose some diagnostic difficulty.3 Eosinophilic renal 
neoplasms show a wide spectrum of histological features. 
The prototypic eosinophilic renal cell neoplasms include onco-
cytoma and eosinophilic chromophobe renal cell carcinoma. 
Other tumors with eosinophilic cytoplasm include succinate 
dehydrogenase-deficient renal cell carcinoma (SDH-RCC),4 
hybrid oncocytic/chromophobe renal tumors (HOCTs),5 and 
oncocytic papillary renal neoplasm with reverse polarity, etc.6

In the past few years, several new entities have been iden-
tified in the family of eosinophilic renal cell tumors, includ-
ing eosinophilic solid and cystic renal cell carcinoma (ESC-
RCC),7,8 eosinophilic vacuolated tumor (EVT),9 and low-grade 
oncocytic tumor (LOT).10 These tumors typically occur in a 
sporadic setting but rarely arise in association with tuberous 
sclerosis complex (TSC).3,9,11,12 These tumors are found to 
harbor mutations in the TSC1, TSC2, and/or mammalian tar-
get of rapamycin (MTOR) genes. In addition, rarely fumarate 
hydratase-deficient renal cell carcinoma (FH-RCC) may also 
present with a low-grade oncocytic morphology.13–18

In this review, we present a recent update on EVT, LOT, 
ESC-RCC, and low-grade oncocytic FH-RCC as well as HOCTs. 
We also discuss their clinical, pathological, and immunohis-
tochemical findings as well as molecular features and patient 
prognosis. The key features of the entities are summarized 
in Table 1.

EVT
EVT was initially described as a “high-grade oncocytic tumor” 
or “sporadic renal cell carcinoma with an eosinophilic and 
vacuolated cytoplasm”.9,12 Recently, the WHO has adopted 
the term “eosinophilic vacuolated tumor.”1 To date, nearly 
60 cases have been reported.8,19–30 EVTs occur slightly more 
frequently in women (M:F = 1:1.3), with a broad age range 
of 15–73 years old (mean age: 49 years old; median age: 50 
years old). They typically occur sporadically; however, they 
also have been reported to be associated with TSC.19–21,23

Grossly, EVT is typically solid and circumscribed with a 
gray, tan-to-brown cut surface. The mean tumor size is 3.5 
cm (median: 3.1 cm; range: 1.3–11.5 cm).8,19–30 Microscopi-
cally, EVT typically shows a solid, nested, compact acinar, as 
well as focal tubular or tubulocystic architecture (Fig. 1a). 
The tumor cells have abundant eosinophilic cytoplasm with 
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variable granularity and usually large intracytoplasmic vacu-
oles (Fig. 1b). They have round-to-oval nuclei with promi-
nent nucleoli (corresponding to WHO/International Society 
of Urologic Pathologists (ISUP) grade 3). Thick-walled vessels 
and entrapped small non-neoplastic tubules are often pre-
sent within the tumor, especially at the periphery. SDH-RCC 
may potentially mimic EVT,however, SDH-RCC has cytoplas-
mic inclusions with pale eosinophilic or flocculent material 
and smaller intracytoplasmic vacuoles.4,15

Immunohistochemically, EVTs are positive for CD117 
(49/54, 91%), CD10 (45/46, 98%) (Fig. 1c), and cathep-
sin K (51/54 or 94%) (Fig. 1d), and they are nearly always 
negative for RCC, vimentin, melanoma antigen, transcription 
factor E3, and transcription factor EB.9,12,19–30 Cytokeratin 
(CK) 7 and CK20 positivity are typically restricted to scat-
tered tumor cells (CK7 in 22/54 or 40% of tumors, CK20 in 
11/36 or 30% of tumors) (Table 2). The neoplastic cells are 

positive for paired box gene 8 (PAX8) and show retained ex-
pression of succinate dehydrogenase B (SDHB) and fumarate 
hydratase (FH).

At the molecular level, EVTs demonstrate TSC1 and TSC2 
mutations (Fig. 1e) and/or activation of the MTOR (Fig. 1f) 
pathway by targeted sequencing analysis.9,12,20,24,25 The 
copy number alterations in EVTs include the loss of chromo-
some 1 and chromosome 19 as well as the loss of heterozy-
gosity on 16p11.2-11.1 and 7q31.31.9,11,20 The pathologic 
stage of all reported cases was pT1,9,12,19–30 except one case 
with pT2.11 So far, all reported cases have exhibited an indo-
lent behavior.9,12,19–30

LOT

LOT was initially reported by Trpkov et al.9 Subsequently, 

Table 1.  Comparison of selected oncocytic renal tumors

Type Clinical features Morphology Immunohis-
tochemistry

Molecular 
features Prognosis

EVT F > M (M:F = 
1:1.3); broad age 
range; mostly 
sporadic, rare in 
TSC patients

Solid, nested, compact acinar 
growth; focally tubular or 
tubulocystic architecture; 
eosinophilic cytoplasm with 
variable granularity; large 
intracytoplasmic vacuoles; 
prominent nucleoli

CD117+, CK7− (or 
rare scattered 
cells+), CK20− or 
focally positive, 
CD10+, cathepsin 
K+, vimentin−, 
SDHB+, FH+, PAX8+

TSC1, TSC2, 
or MTOR 
mutations; 
deletion of 
chromosomes 
1 and 19, 
loss of 
heterozygosity 
on 16p11.2-
11.1 and 
7q31.31

Indolent

LOT F > M (M:F = 
1:1.4); mostly 
sporadic, rare 
in TSC patients; 
mostly solitary and 
smaller tumors

Solid, compact nested, and focally 
tubular or tubuloreticular growth; 
sharply delineated edematous 
stromal areas; finely granular 
eosinophilic cytoplasm; round-
to-oval nuclei; perinuclear halos

CK7+ (strong 
diffuse), CD117−, 
CK20−, CD10−, 
PAX8+, GATA3+, 
vimentin−, FOXI1−, 
cathepsin K−, pS6+, 
MTOR+, SDHB+, FH+

TSC1/
TSC2/MTOR 
mutations, 
rarely PIK3CA 
and RHEB 
mutations

Indolent

ESC-RCC Mostly females; 
mostly sporadic, 
approximately 10% 
of TSC patients

Solid and cystic growth; 
abundant eosinophilic cytoplasm; 
prominent cytoplasmic coarse 
basophilic granules; cytoplasmic 
globules reminiscent of 
leishmaniasis; clusters of foamy 
histiocytes and lymphocytes

CK20+ (diffuse or 
focal), CK7− (or only 
focally positive), 
CD117−, CD10+, 
PAX8+, vimentin+, 
cathepsin K+, 
SDHB+, FH+

Recurrent 
mutually 
exclusive bi-
allelic loss or 
mutations of 
TSC1 and TSC2

Mostly 
indolent, 
rare cases 
with 
metastasis

Low-
grade 
oncocytic 
FH-RCC

F > M (11:7); mean 
age: 25.5 years old 
(range: 11–54 years 
old); mostly solitary 
but can be multiple 
and bilateral; 
occasionally with 
coexisting high-
grade FH-RCC

Solid and nested patterns with 
focal tubular and microcystic 
structures; uniform polygonal 
tumor cells with fine granular 
chromatin, inconspicuous 
nucleoli and eosinophilic 
cytoplasm showing flocculent 
appearance with variable vacuoles 
and scattered inclusions

FH completely loss 
or partial loss, 
S-(2-succinyl)-
cysteine positive, 
PAX8+, SDHB+,

FH mutation Mostly 
indolent but 
occasionally 
showing 
metastasis

HOCT M:F = 2:1; mean 
age: 48.8 years 
old (range: 20–83 
years old); mostly 
as a solitary tumor 
but can be multiple 
and bilateral

Compact nests and tubules in 
a mosaic pattern, some nests/
tubules with an eosinophilic 
cytoplasm, whereas others with 
a pale cytoplasm showing some 
perinuclear halos; relatively 
uniform round nuclear contour, 
no prominent nucleoli

Limited data, 
CK7+, CD117 
may be positive

Folliculin 
mutation 
in BHD 
syndrome-
associated 
tumors

Mostly 
indolent but 
few with 
metastasis

EVT, eosinophilic vacuolated tumor; LOT, low-grade oncocytic tumor, ESC-RCC, eosinophilic solid and cystic renal cell carcinoma; FH-RCC, fumarate hydratase-deficient 
renal cell carcinoma; HOCT, hybrid oncocytic/chromophobe renal tumors; BHD, Birt-Hogg-Dube; TSC, tuberous sclerosis complex; SDHB, succinate dehydrogenase 
complex iron sulfur subunit B.
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Siadat and Trpkov further elaborated this entity.1,31

To date, more than 160 cases of LOTs have been re-
ported.10,32–42 The vast majority of reported LOT cases are 
sporadic, with rare cases in patients with TSC.21,23,40,41 Ac-
cording to some large studies, LOTs occur more frequently 
in women (M:F = 1:1.4), and the mean tumor size is about 
3 cm (range: 0.2–14.2 cm).10,32–41 Grossly, LOTs are com-
monly well circumscribed, with a solid and tan-to-brown ap-

pearance on the cut surface, without visible necrosis or cysts.
Microscopically, LOTs usually show solid, compact nested, 

and focally tubular or tubuloreticular growth patterns (Fig. 
2a). The neoplastic cells have finely granular eosinophilic cy-
toplasm and round-to-oval nuclei, and they often show deli-
cate perinuclear halos or clearings but without prominent nu-
clear irregularities (or “raisinoid” features) (Fig. 2b).10,32–42 
Binucleated cells may be seen. LOTs frequently show char-

Fig. 1.  Eosinophilic vacuolated tumor (EVT). (a) An EVT has a solid and compact acinar architecture and is composed of oncocytic cells. A large vessel with a 
thickened wall is seen. (b) The tumor cells have large intracytoplasmic vacuoles and large nuclei with prominent nucleoli (corresponding to WHO/ISUP grade 3). (c–d) 
Immunohistochemical analyses of EVTs reveal diffusely positive CD10 (c) and cathepsin K staining (d). (e–f) Targeted sequencing analyses of EVTs demonstrate TSC 
mutations (TSC2 c.3421G>A p.Ala1141Thr for this case) (e) and/or an MTOR mutation (f).
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acteristically sharply delineated edematous stroma (Fig. 2c), 
which contain loosely arranged small clusters, cords, reticular 
growth tumor cells, or individual elongated/myoid-like cells 
(Fig. 2d). The nucleoli are either small or slightly prominent 
(corresponding to WHO/ISUP nucleolar grade 1–2).

Immunohistochemically, LOTs typically show diffusely 
positive CK7 staining (129/129 or 100%, Fig. 2e) and nega-
tive or rarely focal CD117 staining (1/110 or 1% with fo-
cal staining, Fig. 2f) (Table 2).10,32–40,43 Focal CD10 staining 
is seen in 6/41 (15%) reported cases.10,32–40 In addition, a 
recent study has demonstrated consistent expression of GA-
TA-binding protein 3 (GATA3) in LOTs (Fig. 2g).38 Moreover, 
GATA3 positivity has been reported in several other types 
of renal cell tumors, including chromophobe renal cell carci-
noma (chRCC) (in about half of the cases),44 clear cell pap-
illary renal cell tumor,45 and papillary renal neoplasm with 
reverse polarity.7,46,47 GATA3 positivity in LOTs suggests that 
they probably originate from the distal nephron. LOTs are 
negative for Forkhead Box I1 protein expression, which can 
help to distinguish LOTs from oncocytoma and eosinophilic 
variants of chRCC.39 Forkhead Box I1 protein is expressed 
on intercalated cells in the distal tubules and is typically ex-
pressed in oncocytoma and chRCC.48 As far as other immu-
nohistochemical markers are concerned, LOTs are positive 
for cytokeratin AE1/AE3 and PAX8, and negative for carbonic 
anhydrase IX, CD10, human melanoma black 45, melanoma 
antigen, vimentin, cathepsin-K, alpha-methylacyl co-enzyme 
A racemase, transcription factor E3, and transcription fac-
tor EB. FH and succinate dehydrogenase complex iron sul-
fur subunit B are retained in all LOT cases.10,32–37 Markers 
associated with MTOR pathway activation (p-S6, p-4EBP1, 
and mTORC1) are often expressed in LOTs, suggesting MTOR 
pathway activation.37,39,42

Emerging molecular data strongly suggest frequent in-
volvement of the tuberous sclerosis genes (TSC1, TSC2) 
(Fig. 2i) and MTOR (Fig. 2h, j) pathway gene mutations in 
LOTs.25,37–40,41,49 For example, Williamson et al. have recent-
ly identified genomic alterations involving the MTOR pathway 
in all evaluated LOT cases (17 cases), including TSC1 (n = 7, 
41%), TSC2 (n = 2, 12%), MTOR (n = 5, 29%), or PIK3CA 
(n = 4, 24%).38 PIK3CA is another member of the MTOR 
pathway that may also be altered in LOTs.37,38,49 In addi-
tion, Kapur et al. found the presence of mTORC1 pathway 
gene mutations across all their samples, including somatic 
mutations in MTOR (4/6) and RHEB (1/6), and a pathogenic 
germline mutation in TSC1 (1/6).41 Rare LOT cases in pa-
tients with TSC also have shown pathogenic alterations in the 
TSC1, TSC2, and MTOR genes.37,42 Altogether, these findings 
indicate that consistent genetic variations in the MTOR path-
way may be involved in the pathogenesis of LOTs.

LOTs show some overlapping morphological features with 
oncocytoma and eosinophilic chRCC. Both LOT and oncocyto-
ma show uniformly round-to-oval nuclei; however, the former 
focally display delicate perinuclear halos or clearings that are 
not seen in oncocytomas.10,32–40 LOTs characteristically show 
a predominantly solid growth with strands of tumor cells (not 
nests) in the edematous stroma and typically do not have a 
central scar.38 Oncocytoma may show degenerative atypia, 
which has not been reported in LOTs. The nuclear irregulari-
ties and binucleated cells in LOTs are typically scattered, in 
contrast to more prominent nuclear membrane irregularities 
and more frequent binucleated cells in eosinophilic chRCCs. 
In difficult cases, immunohistochemical staining for CK7 and 
CD117 can help with the differential diagnosis. Oncocytoma 
typically exhibits diffuse CD117 reactivity, and CK7 is nega-
tive or only positive in scattered tumor cells, while chRCC 
typically shows diffuse staining for both CK7 and CD117. Ta
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Fig. 2.  Low-grade oncocytic tumor (LOT). (a) LOTs usually show a solid, compact nested growth pattern. (b) The tumor cells have round nuclei and delicate peri-
nuclear clearing. (c) LOTs have sharply delineated edematous stromal areas, which are a frequent and characteristic feature. (d) The tumor cells in edematous areas 
are loosely arranged, showing a loose reticular pattern, and an individual cell arrangement (myoid cell-like). (e–h) Immunohistochemistry of a LOT shows diffuse CK7 
expression (e), negative staining for CD117 (f), GATA3 expression (g), and mTORC1 expression (h). (i–j) Targeted sequencing analyses of a LOT demonstrate consistent 
genetic variations of TSC1/TSC2 (c.856A>G p.Met286Val) (i) and MTOR (j).
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LOTs always show diffuse CK7 staining and only 1/110 re-
ported LOTs showed focal CD117 staining.10,32–40

In terms of clinical behavior, all reported LOTs showed an 
indolent behavior without metastasis after resection or even 
biopsy.10,32–40

ESC-RCC
ESC-RCC was first reported by Trpkov et al. in 2016.7 All 
of the reported cases in the first two series were adult fe-
males.7,8 Subsequently, ESC-RCC also has been reported in 
younger individuals and males.25,31,50,51 ESC-RCC is consid-
ered to be the sporadic counterpart to the third subtype (RCC 
with an eosinophilic cytoplasm as well as a solid and cystic 
growth pattern) of TSC-associated RCC.52–53 The great ma-
jority of ESC-RCCs are sporadic, with approximately 10% oc-
curring in patients with TSC.7,8,53–60

Grossly, ESC-RCC is well-circumscribed without a fibrous 
capsule, showing solid and cystic growth. TSC-associated 
and sporadic ESC-RCCs have an identical morphology. Mi-
croscopically, ESC-RCC is usually arranged in a combination 
of solid and cystic areas, and the cysts are variable from 
microcystic to macrocystic (Fig. 3a). The solid areas exhibit 
diffuse, compact acinar, or nested growth patterns. The tu-
mor cells show abundant eosinophilic cytoplasm with promi-
nent intracytoplasmic coarse basophilic granules (“stippling,” 
Fig. 3b).7,8 A helpful morphological feature is the presence 
of densely eosinophilic-to-purple cytoplasmic globules remi-
niscent of leishmaniasis.7 The round-to-oval nuclei typical-
ly show no prominent nucleoli. The septa of the cysts are 
variably thickened and lined by hobnail cells. Morphological 
variations seen in some cases include focal clear cell change, 
chromophobe-like morphology, focal papillary architecture, 
insular or tubular growth, clusters of multinucleated cells and 
cytoplasmic vacuolization.7 Psammoma bodies or microcal-
cifications are found in about half of ESC-RCC cases.7,8,53–60 

Clusters of foamy histiocytes and lymphocytes are frequently 
present. Recently, a case of ESC-RCC with melanin pigment 
has been reported.22

Immunohistochemically, ESC-RCCs show some unique 
features (Table 2).7,22,25–29,50,54,55 CK20 is diffusely or fo-
cally positive in the majority of cases (56/58 or 96.5%). CK7 
is usually negative but can be focally positive in some tu-
mors (9/49 or 18%). CD117 is consistently negative (28/28 
or 100%). Cathepsin K is diffusely or focally positive in the 
majority (26/29 or 90%) of ESC-RCCs. Most ESC-RCCs are 
positive for CD10 (12/16 or 75%) and alpha-methylacyl-co-
enzyme A racemase (15/20 or 75%). They are consistently 
positive for renal cell carcinoma antigen (12/12 or 100%) 
and vimentin (18/18 or 100%), and negative for carbonic 
anhydrase IX, transcription factor E3, transcription factor 
EB, and human melanoma black 45.7,22,25–29,50,54,55 Melano-
ma antigen may be positive in some cases (10/25 or 40%). 
Meanwhile, FH and SDHB are retained.

Molecular analysis of ESC-RCC has revealed consistent 
mutations in TSC1 and TSC2 (Fig. 3d).8,25,26,50 Mutually ex-
clusive, somatic bi-allelic loss of TSC1/TSC2 appears to be 
a key alteration in ESC-RCCs. A few cases have been se-
quenced for TSC genes in both neoplastic and normal tis-
sues.54,56 The results show that TSC1 or TSC2 alterations 
have not been identified in the adjacent non-neoplastic re-
nal parenchyma in the sporadic cases, while they have been 
identified in both normal tissue and tumors of all analyzed 
TSC-associated ESC-RCCs. Munari et al. have found the 
same pathogenetic TSC1 mutation throughout all the tissue 
samples in the same case, demonstrating the clonal nature 
of TSC alterations in ESC-RCC.54

To date, approximately 90 cases have been report-
ed.7,8,22,25–31,50,54–59 Both TSC-associated and sporadic ESC-
RCCs have a comparable clinical behavior. The majority of 
tumors show an indolent behavior. However, rare cases with 
metastasis have been reported.29,50,51,55,57,59

Fig. 3.  Eosinophilic solid and cystic renal cell carcinoma (ESC-RCC). (a) ESC-RCC has solid and cystic growth, and it is composed of eosinophilic cells. (b) The 
tumor cells have cytoplasmic stippling, which is characteristic of ESC-RCC. (c) ESC-RCC is positive for CK20 expression. (d) This ESC-RCC harbors a TSC2 (c.292del 
p.R98Gfs*8) mutation.
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Low-grade oncocytic FH-RCC
FH-RCC typically shows a high-grade morphology character-
ized by tubulopapillary, papillary, glandular, cystic, cribriform, 
and infiltrative patterns in variable proportions. However, in 
some cases, FH-RCC may show a low-grade oncocytic mor-
phology. So far, 18 such cases (7 males, 11 females) have 
been reported.13–18,55,60,61 The mean age of the patients was 
25.5 years old (range: 11–54 years old).

The tumor size of low-grade oncocytic FH-RCCs varies 
from 2 mm to 16.9 cm.13–18,55,60,61 Grossly, they are typically 
well circumscribed. Microscopically, they are characterized by 
predominant solid and nested patterns with focal tubular and 
microcystic structures. The polygonal tumor cells are uni-
form, with fine granular chromatin, inconspicuous nucleoli, 
and an eosinophilic cytoplasm showing a flocculent appear-
ance with variable vacuoles and scattered inclusions (Fig. 
4).13 The tumor cells may show a hobnail appearance in the 
tubular growth pattern.13,61 No tumor cell necrosis or lym-
phovascular invasion has been identified. These tumors are 
typically unifocal, but they can be multifocal or even bilat-
eral.13,14,55 These tumors morphologically mimic SDH-RCC. 
Among the 18 reported cases, two had additional high-grade 
FH-RCC (one simultaneously found, one occurred 4 years 
later in the same kidney).13

Immunohistochemically, all reported low-grade oncocytic 
FH-RCCs were positive for PAX8 and S-(2-succinyl)-cysteine, 
with intact SDHB and negative FH staining. Eight of 15 re-
ported cases that were sequenced all harbored the FH mu-
tation including exon deletion.13,14,16,17,60,61 Ten (of 18) pa-

tients had follow-up, including 8 with pure low-grade FH-RCC 
and 2 also with simultaneous or metachronous high-grade 
FH-RCC. Among the former eight patients, one patient had 
lymph node metastasis at the time of presentation and died 
of disease after 10 months,15 and the other seven patients 
were all alive with no evidence of disease (follow-up range: 
6–109 months after surgery).13,14,16–18,55

HOCT
HOCT is a relatively poorly understood entity. They show 
mixed features of oncocytoma and chRCC or “ambiguous ar-
chitectural and cytologic features” that cannot be put into 
either oncocytoma or chRCC.5,62–67 These tumors can occur 
in the setting of Birt-Hogg-Dube (BHD) syndrome or sporadi-
cally. According to two large studies on HOCTs in BHD syn-
drome, males were more often affected than females (male/
female: 46/17), with a mean age of 48.5 years old (range: 
31–83 years old).5,66 In the first study on the pathology in 
BHD syndrome, there were 130 tumors in 30 patients (25 
males, 5 females) from 19 different families with BHD syn-
drome. Among these 130 tumors, HOCTs accounted for 50% 
(65/130), followed by chRCC (34%, 44/130) and clear cell 
renal cell carcinoma (9%, 12/130).5 The mean tumor size for 
HOCTs was 2.2 cm, which is smaller than that for chRCC (3.0 
cm) and clear cell renal cell carcinoma (4.7 cm). Although 
HOCTs in BHD syndrome contain areas/zones suggestive of 
oncocytoma and those of chRCC, the oncocytoma-like area 
does not show the characteristic loose connective tissue 
background, central scar, or nephroid growth pattern seen 

Fig. 4.  Low-grade oncocytic fumarate hydratase-deficient renal cell carcinoma. (a) At a low-power magnification, the tumor is well circumscribed. (b) At a 
high-power magnification, the tumor cells show low-grade nuclear features (some tumor cells with small nucleoli) and an abundant oncocytic cytoplasm. (c–d) Im-
munohistochemical staining shows the loss of fumarate hydratase protein in the tumor cells.
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in oncocytoma.5
Besides in BHD syndrome, HOCTs also occur sporadical-

ly.61–64,66,67 It is difficult to assess whether some reported 
sporadic HOCTs in earlier studies prior to the discovery of 
LOTs in 2017 may represent LOTs. According to one recent 
study67 including 27 patients with HOCTs (25 sporadic and 
2 associated with BHD syndrome), the mean age of 25 pa-
tients with sporadic HOCTs was 63 years old (range: 28–82 
years old), and most of the patients were male (19 males, 6 
females). The mean tumor size of 25 sporadic HOCTs was 4.3 
cm (range: 1.1–10 cm). The tumors presented with T1 in 17 
(T1a in 11, T1b in 6) patients, T3a in 7 patients, and M1 in 
1 patient (liver metastasis at presentation). Sporadic HOCTs 
presented as bilateral and multifocal tumors in 12% (3/25) 
and 24% (6/25) of patients, respectively.66 Microscopically, 
two major histological patterns were identified. The first pat-
tern was characterized by an oncocytoma-like architecture 
but with chRCC-like nuclear features such as nuclear irregu-
larity, atypia, and perinuclear halos; whereas the second pat-
tern showed both a renal oncocytoma-appearing area and 
a chRCC-appearing area with an abrupt transition between 
them.

HOCTs in BHD syndrome are characterized by mutations 
in the folliculin gene, whereas sporadic HOCTs do not harbor 
a mutation in this gene. Sporadic HOCTs also do not harbor 
mutations in the driver genes as seen in classic renal cell car-
cinomas and oncocytoma.66 Only 5 of 16 sequenced HOCTs 
contained one somatic mutation each (AXIN1 in 1, ATM in 2, 
COL2A1 in 1, and SMARCA4 in 1).66 The mutational spectrum 
of sporadic HOCTs is different from that of chRCC (mutations 
in TP53, PTEN, and MLL3) and oncocytoma (ERCC2 muta-
tion). On the other hand, HOCT shows a similar profile in 
the DNA copy number variation change to oncocytoma rather 
than chRCC. In terms of the RNA expression profile, HOCTs 
remain intermediate between oncocytoma and chRCC.66

To date, immunohistochemical data with CK7 and CD117 
staining in HOCTs are limited. It is difficult to evaluate the 
immunohistochemical results in the literature as some stud-
ies were performed prior to the discovery of LOTs and other 
eosinophilic RCCs; therefore, it is difficult to know whether 
some HOCTs in prior studies were LOTs or other eosinophilic 
RCCs, etc.61–64,66,67 We stained one HOCT in a patient with 
BHD syndrome, and the tumor cells were focally positive for 
CK7 and CD117, with a mosaic pattern (Fig. 5).

Prognostically, most HOCTs are indolent, but metastasis 
has been reported in a few cases, both in BHD syndrome and 
in a sporadic setting.5,65,66 The distant metastasis rate was 
5% in patients with BHD syndrome, and 2% of the patients 
had sporadic HOCTs.66 Surprisingly, few patients with distant 
metastasis were alive with stable disease at 5–8 years after 
treatment.65 In the most recent study on 25 patients with 
sporadic HOCTs, one patient presented with liver metastasis 
at presentation and another patient developed WHO/ISUP 
grade 4 unclassified renal cell carcinoma with a history of a 
HOCT.66 Prior to this study, there was another patient with a 
sporadic HOCT who had distant metastasis.67

Given the lack of precise diagnostic criteria and the fact 
that some earlier studies may have included other eosinophil-
ic tumors, especially LOTs in HOCTs, it is difficult to compare 
studies in the literature. Recently, the Genitourinary Pathol-
ogy Society has proposed HOCTs in the setting of BHD syn-
drome as “hybrid oncocytic chromophobe tumors,” whereas 
solitary or multiple tumors in a sporadic setting are called 
“oncocytic renal neoplasms of low malignant potential.”2

Conclusions
In summary, multiple subtypes of renal cell carcinoma/tu-
mors can show an eosinophilic/oncocytic appearance. These 
tumors show some overlapping histological features, but 

Fig. 5.  A hybrid oncocytic/chromophobe renal tumor (HOCT) from a patient with Birt-Hogg-Dube syndrome. (a) A HOCT is typically well circumscribed. (b) 
The tumor cells form compact nests and acinar/tubular structures in a mosaic pattern. The tumor cells in some nests/tubules have an eosinophilic cytoplasm, whereas 
others are less eosinophilic and have a paler cytoplasm with some perinuclear halos. The nuclei are relatively uniform, with no prominent nuclei and a smooth nuclear 
contour. (c) The tumor cells are focally positive for CK7. (d) CD117 staining shows a mosaic pattern: the tumor cells with an eosinophilic cytoplasm are positively 
stained, whereas those with a pale cytoplasm are negatively stained.
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they also show some unique features. Among eosinophilic 
renal neoplasms, LOTs, EVTs, and ESC-RCC contained muta-
tions in TSC1/TSC2 and MTOR pathway activation; therefore, 
they may represent a distinct molecular subtype and ben-
efit from MTOR inhibitor treatment in patients with distant 
metastasis. However, these three entities show distinct mor-
phological features and immunohistochemical profiles; thus, 
they should be kept as separate pathological entities. The 
correct diagnosis of oncocytic renal neoplasms often requires 
careful morphological analysis, immunohistochemical mark-
ers, and sometimes molecular tests.
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