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Abstract

While perivascular epithelioid cell tumor (PEComas) have been described in most organ systems, only a few bladder
PEComas have been reported. Although most behave in an indolent fashion, a subset may develop metastasis. Herein, we
describe the clinicopathologic and molecular characteristics of 21 bladder PEComas, including biomarker analysis and com-
prehensive sequencing. Patients included 13 females and 8 males, with age ranging from 17-81 years (mean =47.6 years).
Clinical follow-up data was available for 17 patients (ranging 5-60 months; mean = 19.4 months). The morphologic features
significantly associated with metastatic disease included > 2 mitoses/10 high-power fields (p=0.0023), atypical mitoses
(p=0.0152), and necrosis (p=0.0023); the presence of >70% atypical epithelioid cells and vascular invasion did not meet
statistical significance. The Biomarker profile (p16, p53, TRIM63 ISH, ATRX, RB1) found no statistical significance with
metastasis. TRIM63 ISH showed high sensitivity (86%) with poor specificity (11%) for TFE3 rearrangements. NGS revealed
TFE3 fusions in 8/17 cases (47%): 7 with SFPQ::TFE3 fusions and 1 with NONO::TFE3 fusion). Overall, mTOR path-
way mutations were detected in 9 cases (53%): TSC1/2 mutations in 6 (35%), MTOR mutation in 1 (6%), and co-mutations
of TSC/MTOR in 2 (12%) cases. Additionally, co-mutations involving p53 were noted in 2 tumors (1 SFPQ::TFE3/p53; 1
MTOR/p53). Metastasis was identified in 5 TFE3-rearranged PEComas (OR =8.7509) and 2 TSC/MTOR- mutated tumors
(OR=0.1143). TFE3-rearranged bladder PEComas show a higher propensity towards aggressive behavior compared to 7SC/
MTOR- mutated tumors. Awareness of the molecular signature may be important for prognostic stratification and targeted
therapeutic approaches.
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Introduction

Perivascular epithelioid cell tumors (PEComas) are uncom-
mon mesenchymal neoplasms of unknown histogenetic ori-
gin that display combined smooth muscle and melanocytic
differentiation to a variable extent and exhibit a variety
of distinct histologic and immunophenotypic features [1].
PEComas are infrequently seen in the genitourinary tract
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and are typically encountered in the kidney (seemingly syn-
onymous with renal epithelioid angiomyolipoma [2]). In the
urinary bladder, PEComas are extraordinarily rare, with the
original depiction under the label “clear cell myomelano-
cytic tumor” published in 2003 [3]. Since then, less than 50
bladder PEComas have been reported, mostly in the form of
single case reports [4—7]. Those cases arising in the bladder
often pose diagnostic challenges due to morphologic overlap
with other spindle and epithelioid neoplasms. Given the rar-
ity of bladder PEComas, limited data exist regarding their
molecular features, behavior, and optimal management.
Although a majority of the reported genitourinary tract
PEComas exhibit indolent clinical behavior, a subset may
show aggressive behavior including metastasis [4-7].
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Prognostic studies of PEComa have primarily relied on
select histopathologic criteria tailored to specific anatomic
sites (e.g., kidney [2, 8—10] and soft tissue/gynecologic tract
[10-14]). Additionally, a subset of studies has explored the
role of immunohistochemistry (IHC) and/or molecular pro-
filing to aid in risk stratification, particularly for renal PECo-
mas [2, 15, 16], and, to a lesser extent, those arising in the
bladder [16], and soft tissue/gynecologic tract [12]. Among
genitourinary tract PEComas, data on the proposed genetic
dichotomy [tuberous sclerosis complex (7'SC) alteration ver-
sus TFE3-mediated rearrangement] resulting in activation of
the mTOR versus the microphthalmia transcription factor
(MiTF) pathways, respectively, have been studied almost
exclusively in the kidney [2]. However, to our knowledge,
a clinicopathologic study evaluation including prognostic
and/or molecular characteristics solely of urinary bladder
PEComas has not been previously performed, providing the
rationale for the current study, which aims to systematically
evaluate both clinicopathologic parameters and molecular
alterations in a cohort of bladder PEComas, with a particular
emphasis on identifying features associated with aggressive
clinical behavior.

Methods

An international cohort of 21 bladder PEComas was com-
piled from 17 different institutions, with slides re-reviewed
by experienced genitourinary pathologists. Morphologic
inclusion criteria were defined by the 5th edition World
Health Organization (WHO) classification of an extrarenal
PEComa composed of epithelioid to spindled tumor cells
with melanocytic/muscle differentiation [17]. Available
clinicopathologic features were recorded for all tumors.
Additionally, the presence of the following pathologic fea-
tures was specifically assessed: known clinical history of
TSC and/or prior chemotherapy exposure, > 70% atypical
epithelioid cells (defined as atypical polygonal cells with
abundant cytoplasm, vesicular nuclei, prominent nucleoli,
and nuclear size exceeding at least twice that of adjacent
nuclei), >2 mitotic figures/10 high power fields, atypical
mitotic figures, necrosis, and vascular invasion. Follow-up
data was sought for each patient, with an adverse outcome
defined as metastasis.

One representative formalin-fixed paraffin-embedded tis-
sue block from select cases was selected for whole-slide IHC
analysis using the following markers (interpretation patterns;
clone): p16 (positive or negative; E6H4), p53 (wild type or
mutant; DO-7), TRIM63 in situ hybridization (ISH; > 10% as
positive or < 10% as negative; RNA scope), ATRX (retained
or lost; polyclonal), RB1 (retained or lost; G3-245), cath-
epsin K (> 10% as positive or < 10% as negative; 3F9), and

@ Springer

TFE3 (> 10% as positive or < 10% as negative; MRQ-37).
Additionally, molecular evaluation was performed on 17
cases including an assessment of next generation sequenc-
ing (NGS), microsatellite instability (MSI, and tumor muta-
tional burden (TMB), as previously described [18]. Statisti-
cal analysis was performed using GraphPad Prism 10. A
meta-analysis of previously-reported molecular alterations
among bladder PEComas was also performed.

Results

The 21 bladder PEComa patients included 13 females and 8
males with an age range of 17-81 years (median =46 years,
mean =47.6 years). No patients had a history of TSC or
known prior chemotherapy exposure, although data on some
cases might be incomplete. Clinical follow-up was available
for 17 patients (range 5-60 months, mean 19.4 months). Fig-
ure 1 depicts detailed summarized clinicopathologic charac-
teristics of the bladder PEComas, including noted pathologic
features, IHC results, and molecular findings. Significant
cytoplasmic dark brown pigmentation was not identified in
any case. Notable IHC results from stains performed on all
select cases yielded the following results: pl6 positive in
3/15 (20%), p53 mutant pattern in 4/15 (27%), TRIM63 ISH
positive in 14/16 (88%), ATRX loss in 4/15 (27%), RB1
retained in 15/15 (100%), TFE3 positive in 9/19 (47%), and
cathepsin K positive in 17/17 (100%). Figure 2 depicts repre-
sentative cytomorphology and select IHC staining for study
tumors.

Molecular findings by NGS in our cohort yielded driver
genetic alterations identified in all 17 tumors tested. All
PEComas showed mutations in either TSC/MTOR (9/17;
53%) or had TFE3 gene rearrangement (8/17; 47%). Of
the 9 TSC/MTOR- mutated PEComas, 3 involved TSC2, 3
involved TSCI, and 1 involved MTOR; 2 tumors showed
co-mutations (7SC2 and MTOR). Of the 8 TFE3 rearranged
PEComas, 7 showed SFPQ::TFE3 fusions and 1 showed
NONO::TFES3 fusion.

Among the PEComas, in terms of IHC and molecular cor-
relation, all the 4 PEComas (100%) with mutant p53 staining
were confirmed to harbor T7P53 mutation by NGS; notably,
1 of these TP53 mutated PEComas also showed a concur-
rent MTOR mutation. Of the 4 PEComas that showed aber-
rant loss of ATRX staining on IHC, 3 (75%) showed ATRX
mutation by NGS. Additionally, of the 14 PEComas that
demonstrated positive TRIM63 ISH staining and underwent
molecular testing, 6 (43%) were found to have TFE3 gene
rearrangements. All (7/7, 100%) PEComas with TFE3 rear-
rangement that had TFE3 IHC performed showed positive
staining.

A statistical analysis conducted to evaluate the associa-
tion between IHC and the development of metastatic disease
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Fig. 1 Detailed clinicopatho-
logic characteristics of urinary
bladder PEComas including
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found no statistically significant association for any of the
performed biomarkers (pl16, p53, TRIM63 ISH, ATRX,
RB1). Additionally, the study examined various clinico-
pathologic features for their association with 8 PECo-
mas with metastatic disease (Table 1). The morphologic
features significantly associated with metastatic disease
included > 2 mitoses/10 high-power fields (n=28/10, 80%;
p=0.0023), atypical mitoses (n=7/9, 78%; p=0.0152),
and necrosis (n=38/10, 80%; p=0.0023). Furthermore, 5
tumors harboring TFE3 rearrangements developed metas-
tasis (OR =8.7509) suggesting a potential association with
aggressive behavior, while 2 TSC/MTOR-mutated tumors
had metastatic disease (OR=0.1143). Overall aggressive
behavior was observed in 5/7 (71%) of TFE3-rearranged
versus 2/9 (22%) of mTOR-altered cases with follow-up.

Discussion

Among the larger series investigating PEComas of the geni-
tourinary tract, most attention has been focused on PECo-
mas of the kidney (“renal epithelioid angiomyolipomas”),
as detailed in three prior studies [2, 8, 9]. Of these, only
the study by Sangoi et al. [2] incorporated both detailed
clinicopathologic features as well as molecular testing to
identify prognostic risk factors in renal epithelioid angio-
myolipomas. In contrast, PEComas of the urinary bladder
have been far less extensively studied, and, to date, only
two prior larger (>2 cases, to exclude mostly case reports)
series of PEComas have been described (n=3 [19] and
n=11 [20]). Of these, only one study formally incorporated
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and systematically applied prognostic histologic features
(as described by Brimo et al. [9]). Moreover, molecular
characterization of bladder PEComas has been limited, pre-
dominantly in the form of TFE3 rearrangement testing by
FISH, with only a handful of studies incorporating results
of sequencing data (Table 1). In this study, representing to
our knowledge the largest series of bladder PEComas to date
(n=21) as well as the largest series subjected to molecular
testing (n=17), we performed an integrated assessment of
select purportedly unfavorable clinicopathologic features
alongside a select focused panel of IHC markers with prog-
nostic relevance as well as NGS to investigate those PECo-
mas that may show poor outcome as well as further elucidate
the biologic underpinnings of aggressive disease behavior.

Several key findings emerge from this study. First, the
histologic features predictive of malignancy and validated
in the studies by Brimo et al. [9] and Sangoi et al. [2] for
renal PEComas (>70% atypical epithelioid cells, >2 mitotic
figures/10 high power fields, atypical mitotic figures, necro-
sis, and vascular invasion) are applicably relevant to the uri-
nary bladder PEComas evaluated in this study, with all but
two showing a statistically significant association with the
development of metastasis including distant sites (Table 2).
Moreover, the smaller bladder PEComas series by Neumann
et al. [20], which similarly applied the Brimo et al. crite-
ria, also demonstrated the utility of these cytomorphologic
parameters, further supporting their applicability in the blad-
der setting.

Second, in this study we also investigated whether a
subset of IHC markers could complement morphologic
assessment in the prognostication of bladder PEComas.
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Fig.2 Representative images of A
urinary bladder PEComa from
transurethral resection speci-

mens. The tumor cells show

an infiltrative growth pattern

in sheets and nests composed

of epithelioid cells with clear

to eosinophilic cytoplasm,

variable atypia, and interspersed

thin vasculature (H&E, A-F).

Some of the notable morpho-

logic features associated with C
metastasis included > 2 mitotic
figures/10 high power fields (B)
and necrosis (D); the presence
of >70% atypical epithelioid
cells (F) did not meet the statis-
tical threshold. Representative
positive immunostains included
cathepsin K (G; x200), TFE3
(H;%200), and TRIM63 ISH
(I;%200). H&E, hematoxylin
and eosin stain

The THC stains selected were based on a literature review
of previously described biomarkers showing aggressive
behavior in PEComas across various sites [2, 12, 15, 16,
21, 22]. Having encountered an index bladder PEComa
in which TRIM63 ISH was positive, we also explored the
potential utility of this stain as a surrogate screening tool
for TFE3 fusions (akin to that recognized in MiTF renal
cell carcinoma [23]), with at least some studies suggest-
ing TFE3-rearranged PEComas may be associated with
a more aggressive clinical behavior. [12, 16, 20, 24-27].
While we did not compare other differential diagnostic
entities of PEComa, we were guided by one recent study
highlighting differential TRIM63 ISH expression levels
as a putative diagnostic tool of alveolar soft part sarcoma
(showing “high staining” for TRIM63) versus PEComa
(showing “intermediate/spectrum” TRIMG63 reactivity)
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[28] in investigating the diagnostic sensitivity of TRIM63
ISH among our cohort. Although none of the biomark-
ers tested in our study showed statistically significant
correlation with metastasis (and may not prove a reliable
alternative to conventional morphologic assessment of
select features), it should be noted that while TRIM63 ISH
demonstrated high sensitivity (86%) for TFE3-rearranged
PEComa, it showed poor specificity (11%). These findings
similarly overlap with prior observations highlighted by
Sangoi et al. in their assessment of TRIM63 ISH positivity
and TFE3 rearrangement among renal PEComas [2]. In
contrast, TFE3 testing by IHC showed perfect concordance
with TFE3 evaluation by NGS in our cohort (100% sensi-
tivity and specificity for TFE3 rearrangement). However,
we recognize the known challenges in validating and eval-
uating TFE3 THC [29-32], precluding its incorporation in
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Table 1 Meta-analysis of
urinary bladder PEComas with
molecular characterization

Reference

Argani et al. [16]
Argani et al. [16]
Papke et al. [25]
Agaram et al. [35]
Chen et al. [49]
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
current study
Reference

Russell et al. [26]
Vannucchi et al. [6]
Williamson et al. [24]
Wau et al. [50]

Wau et al. [50]

Wau et al. [50]

Wau et al. [50]

Wau et al. [50]

Wau et al. [50]

Wau et al. [50]
Neumann et al. [20]
Neumann et al. [20]
Neumann et al. [20]
Neumann et al. [20]
Neumann et al. [20]
Neumann et al. [20]
Neumann et al. [20]

Age
27
66
55
78
37
31
26
55
34
30
60
24
41
50
56
61
31

Sex
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Molecular alteration by sequencing
SFPQ::TFE3
NONO::TFE3
SFPQ::TFE3
RASSF1::PDZRN3
SFPQ::TFE3
SFPQ::TFE3

MTOR missense mutation
SFPQ::TFE3

TSC1 nonsense mutation
TSC2 missense mutation
SFPQ::TFE3

TSCI nonsense mutation

MTOR duplication, TSC2 frameshift mutation

TSC2 missense mutation
TSC1 nonsense mutation
SFPQ::TFE3

MTOR duplication, TSC2 frameshift mutation

SFPQ::TFE3

TSC2 frameshift mutation
SFPQ::TFE3
NONO::TFE3
SFPQ::TFE3
Molecular alteration by TFE3 FISH
TFE3 FISH positive
TFE3 FISH positive
TFE3 FISH positive
TFE3 FISH negative
TFE3 FISH negative
TFE3 FISH negative
TFE3 FISH negative
TFE3 FISH negative
TFE3 FISH negative
TFE3 FISH negative
TFE3 FISH negative
TFE3 FISH positive
TFE3 FISH negative
TFE3 FISH positive
TFE3 FISH positive
TFE3 FISH negative
TFE3 FISH positive

many laboratories. Moreover, some studies have reported
discordance with TFE3 positivity by IHC version fusion
status, further complicating its interpretive reliability [33,
34].

Third, the molecular findings from this study support
the dogma that for most PEComas, genetic dichotomy
comes in the form of TSC/MTOR alterations or TFE3 rear-
rangements [35, 36] (Fig. 3), leading to activation of the
mTOR and the MiTF pathway, respectively. However, it

should be noted that perhaps given the rarity of PECo-
mas in the bladder, there has been a paucity of studies
incorporating molecular testing beyond FISH for bladder
PEComas (Table 1) compared to those arising in other
anatomic sites outside the bladder. While NGS testing in
our cohort exhibits a near equal distribution of TSC/MTOR
alteration (53%) to TFE3 rearrangement, which mirrors
the findings in one of the largest comprehensive reports of
genetic studies of PEComas across various sites (showing
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Table 2 Pathologic features of urinary bladder PEComas with metastasis

Patient# Molecular alterations ~ Atypia* >2 Atypical Necrosis Vascular MSI TMB Follow-up
Mitoses/10 mitoses invasion
HPF

1 SFPQ::TFE3; TP53  Yes Yes Yes Yes Yes MSS  Low (1.34 mut/MB)  Liver and bone metas-
tasis (5 months)

3 SFPQ::-TFE3; ATRX Yes Yes Yes Yes Yes MSI-H High (54.15 mut/MB) Died of exten-
sive visceral and
bone metastasis
(9 months)

5 TSC2 missense muta- No Yes Yes Yes Yes MSS  High (14.5 mut/MB)  Liver metastasis

tion (14 months)

8 MTOR duplication; Yes Yes Yes Yes Yes MSS  High (41.2 mut/MB) Died of exten-

TSC2 frameshift sive visceral and
mutation bone metastasis
(17 months)

11 SFPQ::TFE3 Yes Yes Yes Yes Yes MSS  High (16.1 mut/MB) Lung and liver metas-
tasis (9 months)

15 SFPQ::TFE3 Yes Yes Yes Yes No MSS  High (15.5 mut/MB)  Liver, lung, lymph
node, bone metasta-
sis (7 months)

16 NONO::TFE3 No Yes No Yes No MSS  Low (4 mut/MB) Liver and lymph
node metastasis
(8 months)

17 N/A Yes Yes Yes Yes Yes N/A N/A Lung metastasis
(6 months)

*Atypia >70% atypical epithelioid cells, MSI microsatellite instability, MSS microsatellite stable, MSI-H microsatellite instable high, mut/MB

mutations per megabase

a slight predominance in TSC/MTOR alteration compared
to TFE3 rearrangement [35]), future studies are needed
to specifically evaluate the genetic landscape of bladder
PEComas.

Determining tumor genetics may be clinically relevant
as we found that TFE3-rearranged bladder PEComas show
a higher propensity towards aggressive behavior com-
pared to TSC/MTOR mutated counterparts (OR=8.7509 vs
OR =0.1143, respectively). While the odds ratios indicate
a possible trend, larger cohorts are needed to validate these
associations and define their clinical relevance. Importantly,
this genetic dichotomy may also carry therapeutic impli-
cations, as some studies have shown that TFE3-rearranged
PEComas treated with MTOR inhibitors fail to show a
response [16]. This is however somewhat controversial, as
other studies have shown TFE3-rearranged PEComas may
show at least partial benefit in select cases for MTOR tar-
geted therapies [37-39]. Despite this variability, MTOR-tar-
geted therapies are now recognized as a viable and effective
treatment option for malignant PEComas [40, 41]. Given
this potential, it may be worth considering molecular testing
of an encountered bladder PEComa, at least for one showing
some of the notable clinicopathologic features highlighted
in this study.
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This study is not without limitations, the most nota-
ble being our inability to formally compare the PEComa
prognostic criteria cited by Folpe et al. (for gynecologic
tract/soft tissue PEComas) to those referenced by Brimo
et al. [9] and subsequently validated by Sangoi et al. [2]
(for renal PEComas). The primary barrier was the lack of
tumor size data for the majority of our case cohort, many
of which were received as consultation specimens or tran-
surethral resections without associated imaging. Tumor
size > 5 cm is one of the key parameters in the Folpe et al.
[11] stratification model, which also includes infiltrative
growth pattern, high nuclear atypia, mitotic count> 1/50
HPF, necrosis, and vascular invasion, with > 2 features
considered worrisome for malignancy. Nonetheless, as
four of these six Folpe et al. [11] features are effectively
enveloped within the criteria originally depicted by Brimo
et al. [9] and later validated by Sangoi et al. [2], it may be
prudent to apply one or both of these prognostic models
when encountering a bladder PEComa (the second largest
bladder PEComa study [20] also utilized Brimo et al.'s
criteria [9]). Moreover, our findings highlight the need
for future studies to assess whether a “genitourinary tract”
specific risk stratification model for PEComas is warranted
(only rare PEComas of the prostate, testis, ureter, urethra,
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Fig. 3 Illustration of the two primary molecular subtype pathways of
urinary bladder PEComas (prepared on Biorender.com). 7SC1/TSC2-
mutated subtype: loss-of-function mutations in the 7SC/ or TSC2
genes disrupt the TSC1-TSC2 protein complex, leading to constitu-
tive activation of Ras homolog enriched in brain (RHEB). Activated
RHEB stimulates mTORCI, which in turn phosphorylates down-
stream effectors and promotes unchecked cell growth and prolifera-

and urachus have been reported [42-48]). Because the
amassed study slides/photomicrographs from our bladder
PEComa were housed with one of our senior authors who
unfortunately passed away during manuscript preparation
(and to whom this study is dedicated), we were not able to
incorporate morphologic assessment of study cases com-
pared to molecular alterations identified. Anecdotally, we
did observe that TSC/MTOR mutated PEComas showed
more of a spindled to epithelioid configuration compared
to that of TFE3-rearranged PEComa, which exhibited a
more nested architecture of epithelioid cells with cleared
cytoplasm (Fig. 2). These comparative morphology/
molecular differences have been analogously highlighted
in a recent study by Argani et al. [16], suggesting that
TFE3-rearranged PEComas may be biologically distinct
from conventional (TSC/MTOR mutated) PEComas and
warrant separation (coining the term “TFE3-rearranged
PEComa-like neoplasms”). The study by Argani et al. [34]
highlights that these TFE3-rearranged PEComa-like neo-
plasms present more often in younger patients, may be
associated with prior chemotherapy exposure, often show
desmin/SMA negativity or weak/focal positivity and are
often HMB45 positive but minimally melanA positive, and
may behave more aggressively with limited response to

-

tion. TFE3-rearranged subtype: this less common subtype is charac-
terized by transcriptional upregulation of TFE3, often due to gene
fusions or amplifications. Elevated TFE3 activity induces the c-Met
proto-oncogene and activates downstream signaling pathways, includ-
ing AKT and mTOR, as well as other partially defined effectors, con-
tributing to tumorigenesis and enhanced cell proliferation

MTOR inhibitors. However, the nosology of separately cat-
egorizing TFE3-rearranged PEComas has been challenged
regarding whether these tumors should be considered a
distinct entity [25]. Future studies are also needed to eval-
uate the ideal label for bladder PEComas based on their
molecular characterization to ensure diagnostic accuracy,
prognostic assessment, and therapeutic strategies tailored
to the molecular subtype.

In summary, in this study (the largest series of urinary
bladder PEComas reported to date) we identified several
histopathologic features significantly associated with meta-
static disease including the presence of > 2 mitotic figures/10
high power fields, atypical mitotic figures, and necrosis. Our
molecular analysis lends support to the genetic dichotomy
of PEComas characterized either by TSC/MTOR pathway
alterations or TFE3 gene rearrangements. In this regard,
TFE3-rearranged bladder PEComas show a higher propen-
sity toward aggressive behavior compared to TSC/MTOR
mutated tumors, and that awareness of the molecular sig-
nature may be important for prognostic stratification and
targeted therapeutic approaches.
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