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Summary
Objective. Ongoing discoveries in cancer research keep expanding the landscape of renal 
cell carcinoma classification, particularly for “molecularly-defined” tumors like TFE3-rear-
ranged and TFEB-altered renal cell carcinoma. However, scientific updates often do not 
align with pathologists’ daily practice and resources. Herein, we present the results from a 
national Italian survey assessing physicians’ personal experience on TFE3-rearranged and 
TFEB-altered renal cell carcinomas.
Methods. An online questionnaire encompassing 26 questions was delivered to the Ital-
ian Study Group of Uropathology (GIUP) members, addressing critical concerns on their 
routine approach to these tumors. The answers were collected and further analyzed.
Results. Thirteen pathologists with varying uropathological experience responded to the 
survey. Data confirmed the rarity of these neoplasms, with 69% of participants experiencing 
fewer than five or none at all. Despite this, aggressive behavior was documented by half of 
the respondents. Unusual morphology (62%) and young age (38%) were identified as the 
most relevant clues for suspecting TFE3-rearranged and TFEB-altered renal cell carcinoma. 
However, variability was observed in the specific histological features and the age threshold. 
The majority of the participants (54%) agreed on the need for ancillary molecular techniques 
for diagnostic purposes. Regarding immunohistochemistry, all professionals relied on mul-
tiple assays, attributing a primary role to a panel including cathepsin K, melanocytic markers 
(HMB45 and melan-A), PAX8, cytokeratin 7, and CA9. Additionally, most (58%) reported rou-
tine TFE3 immunohistochemical staining, although generally considering it reliable as long 
as diffuse and intense (58%) or requiring FISH confirmation in every positive case (25%). As 
for this latter, variability was recorded regarding split-signals positivity cut-off.
Conclusions. The continuous evolution of renal cell carcinoma classification significantly 
impacts the pathologists’ routine approach. Our survey underscores the importance of ongo-
ing knowledge sharing and heightened awareness for accurately identifying TFE3-rearranged 
and TFEB-altered renal cell carcinoma and providing further insights on still unsolved issues.

Key words: TFE3-rearranged renal cell carcinoma, TFEB-altered renal cell carcinoma, 
online survey, morphology, immunohistochemistry, molecular tests
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Introduction

The ongoing discovery of specific pathological signa-
tures keeps reshaping tumor classification, modifying 
previously acknowledged categories, and adding nov-
el entities. The latest 2022 WHO classification of re-
nal cell tumors embraced such a pathogenic-centered 
approach by introducing the “molecularly defined re-
nal carcinomas” category1. This latter includes several 
relatively rare renal cell neoplasms characterized by 
peculiar driving molecular alterations carrying diag-
nostic, prognostic, therapeutic, and hereditary impli-
cations2. Among these tumors, TFE3-rearranged and 
TFEB-altered renal cell carcinoma are currently rec-
ognized as separate entities according to their distinct 
pathological features and clinical behavior3 whereas, 
in past classifications, they were grouped together as 
“MiTF family renal cell carcinomas”4. Despite being un-
common, with TFE3-rearranged renal cell carcinoma 
accounting for about 1-4% of adult renal cell carcino-
mas5,6, these tumors are more frequent in youngsters1. 
Even pathologists who do not specialize in renal cell 
tumors may encounter these entities, especially given 
the increased number of resections for incidentally de-
tected lesions. Due to the highly variable morphologi-
cal spectrum and immunohistochemical findings along 
with the still ill-defined diagnostic criteria and the limit-
ed availability of gold-standard assays, pathologists of-
ten experience great difficulty in reaching an accurate 
diagnosis. Sharing current knowledge and maintaining 
a high level of awareness are crucial for properly iden-
tifying TFE3-rearranged and TFEB-altered renal cell 
carcinomas and avoiding misdiagnoses. In this work, 
we present the results of a national survey conducted 
by the Italian Study Group of Uropathology (“Grup-
po Italiano di Studio di Uropatologia” – GIUP), which 
aimed to assess pathologists’ perspectives on critical 
issues related to the approach to TFE3-rearranged 
and TFEB-altered renal cell carcinomas.

Survey structure and results

Survey outline

Under the Italian Society of Pathology and Cytopa-
thology (SIAPeC), the survey was led by two expe-
rienced uropathologists (A.C. and G.M.) of the GIUP 
and engaged pathologists from across Italy. In detail, 
the GIUP encompasses physicians from 15 different 
Italian regions, and routinely performs webinars, on-
site meetings, and surveys to update its subscribers’ 
knowledge according to the latest evidence and to 
promote collaboration and scientific production. 

The questionnaire was delivered online and consisted 
of 26 questions, listed in Table I, concerning current 
practice and personal experience about TFE3-rear-
ranged and TFEB-altered renal cell carcinomas. The 
survey was sent to the institutional email addresses of 
GIUP members, enclosing a link to a Google Modules 
page containing the queries. In detail, the questions 
focused on participants’ perceived crucial clinical, 
morphological, immunohistochemical, and molecular 
findings regarding these neoplasms. Demographic 
information, such as years of experience and specif-
ic practice setting, was also recorded to interpret the 
survey results. Finally, three of the authors (S.M., A.C., 
and G.N.F.) collected the results via an Excel standard 
form (Microsoft) and then analyzed the response data.

Demographics and general parameters

Thirteen pathologists from various Italian regions, rep-
resenting both public and private institutions, respond-
ed to the survey (Fig. 1). Most (54%) had a consistent 
background in pathology (over 20 years), while slightly 
more than a third had relatively shorter experience (5-
10 years, 38%). The wide majority of the participants 
were dedicated to uropathology in their daily practice 
(77%). Regarding their recent personal experience, 

Figure 1. Schematic Italy map displaying the regional dis-
tribution of the participants joining the survey.
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Table I. Questions of the online survey regarding pathologists’ perspective on key clinical and pathological issues of TFE3-rearranged 
and TFEB-altered renal cell carcinomas.

Query Options

How long have you been working in pathology? < 5 years 5-10 years 10-15 years > 20 years

Are you routinely dedicated to uropathology? Yes No

How many renal tumors have you been dealing 
with in the last five years?

< 25 15-50 50-100 > 100

How many TFE3-translocated/TFEB-altered 
RCCs have you faced in the last five years?

0 < 5 5-10 10-15 > 15

How many TFEB-amplified RCCs have you 
diagnosed?

0 1 2

How many metastasizing TFE3-translocated/
TFEB-altered RCCs have you observed?

0 1 2 > 5

How would you rank clinical-pathological 
findings to suspect a TFE3-translocated/TFEB-

altered RCC?

Age, gross, unusual morphology

As for age, which threshold do you consider 
suspicious?

< 30 y.o. < 40 y.o. < 45 y.o. < 50 y.o.

How would you rank pathological characters 
to consider a diagnosis of TFE3-translocated/

TFEB-altered RCC?

Papillary clear cells, calcifications, mixed architectural patterns

Do you think nucleolar grading carries prognostic 
meaning in TFE3-translocated/TFEB-altered 

RCCs?

Yes No

If yes, why?

Do you think coagulative tumoral necrosis 
carries prognostic meaning in TFE3-
translocated/TFEB-altered RCCs?

Yes No

If yes, why?

Have you ever observed sarcomatoid 
dedifferentiation in TFE3-translocated/TFEB-

altered RCCs?

Yes No

If yes, in how many cases?

Which pathological features would you rely on 
to diagnose a TFE3-translocated/TFEB-altered 

RCC?

Morphology, IHC, FISH, NGS

Which IHC markers do you routinely test on 
specimens suspicious of TFE3-translocated/

TFEB-altered RCC?

CD10, CA9, TFE3, HMB45, Melan-A, CK AE1/AE3, CK7, AMACR, S100A1, PAX8, Cathepsin K, 
vimentin

How would you rank the following IHC markers 
to support a TFE3-translocated/TFEB-altered 

RCC diagnosis?

Cathepsin K, HMB45, Melan-A, TFE3, PAX8, CK7, CA9, CD10

Is your laboratory furnished with a Cathepsin K 
IHC assay?

Yes No

If yes, which clone? 3F9 EPR19992

Do you routinely employ TFE3/TFEB IHC 
assays?

Yes No

If yes, what kind of antibody do you use?

How would you consider TFE3/TFEB IHC 
results?

Positive regardless of the % Positive only if 
intense and diffuse

FISH confirm for every 
positive case

Which FISH cut-off do you set to define a 
sample translocated/altered for the TFE3/TFEB 

genes?

> 10% > 20% > 50%

Would you perform NGS analysis in every TFE3-
translocated/TFEB-altered RCC case?

Yes No

If yes, for which purpose?

Abbreviations: RCC: renal cell carcinoma, y.o.: years old, IHC: immunohistochemistry, FISH: fluorescence in situ hybridization, NGS: next generation sequencing, CK: 
cytokeratin, AMACR: alpha-methylacyl-CoA racemase.
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nearly half of the involved physicians (46%) dealt with 
more than 100 renal tumors in the past 5 years. Only 
two responders, both not routinely dedicated to urop-
athology, had observed fewer than 25 (16%). During 
the same period, about two-thirds of the professionals 
reported encountering fewer than 5 (46%) TFE3-re-
arranged or TFEB-altered renal cell carcinomas, or 
even none at all (23%). Similarly, a noteworthy per-
centage of the participants (83%) reported having 
faced TFEB-amplified renal cell carcinomas just once 
(42%) or never (41%). In terms of clinical outcome, 
half of the responders (50%) documented aggressive 
behavior in TFE3-rearranged and TFEB-altered renal 
cell carcinomas they had encountered, confirmed by 
the development of distant metastases. 

Clinical and morphological features

An unusual morphological appearance compared to 
other more common renal cell tumors was identified 
as the clue that most frequently (62%) triggered the 
suspicion of TFE3-rearranged and TFEB-altered re-
nal cell carcinomas, followed by patients’ age (38%) 
(Fig. 2A). As for this latter, most pathologists set an 
age threshold of less than 40 (41%) or 30 years old 
(17%) to raise the suspicion of TFE3-rearranged/
TFEB-altered renal cell carcinomas, with the remain-
ing moving the cut-off to patients younger than 45 
(17%) or even 50 years old (25%). On characterizing 
morphological features, variability was observed, with 
a relevant role mainly attributed to a clear cell-made 
papillary pattern (62%), followed by the presence of 
mixed architectural patterns (31%) (Fig. 2B). Although 
less useful, calcifications were identified as second-
ary significant findings by roughly two-thirds of the 
physicians (62%). As far as further morphological fea-
tures were concerned, just 30% of the respondents 
considered nucleolar grading prognostically important 
in TFE3-rearranged/TFEB-altered renal cell carcino-
mas, primarily because of examples of its correlation 
with clinical outcome. Likewise, for the same reasons, 
coagulative tumor necrosis was claimed to carry 
prognostic meaning by only slightly more than a third 
(36%) of the participants. Finally, just one physician 
reported having observed sarcomatoid dedifferenti-
ation in a TFE3-rearranged/TFEB-altered renal cell 
carcinoma case.

Immunohistochemical and molecular findings

Nearly half (46%) of the participants considered mor-
phology and immunohistochemistry reliable enough 
for a definitive diagnosis of TFE3-rearranged/TFEB-al-
tered renal cell carcinoma. Conversely, the remaining 
(54%) retained the integration of additional tests like 
fluorescence in situ hybridization (FISH) mandatory 

to confidently reach such a diagnosis, whether (15%) 
or not (39%) integrated with molecular sequencing. 
With regard to immunohistochemical markers, most 
pathologists reported employing carbonic anhydrase 
9 (CA 9, 84%), HMB45 (84%), melan-A (84%), cy-
tokeratin 7 (CK7, 69%), TFE3 (61%), CD10 (54%), 
and cathepsin K (53%). Fewer relied on PAX8 (46%), 
while just a minority routinely adopted CKAE1/AE3 
(15%), alpha-methylacyl-CoA racemase (AMACR, 
15%), S100A1 (15%), or vimentin (15%) (Fig.  2C). 
When asked to rank the former assays, half of pa-
thologists considered the combination of cathepsin K 

Figure 2. Charts showing the participants’ rank of different 
clinical-pathological findings (A), morphological features 
(B), and routinely employed immunohistochemical antibod-
ies (C) for the diagnosis of TFE3-rearranged and TFEB-al-
tered renal cell carcinoma.
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and melanocytic markers as the most diagnostically 
significant (50%). On the other hand, a minority attrib-
uted a primary role to PAX8, TFE3, and CK7 (33%) or 
CD10 combined with melanocytic markers (17%). As 
for cathepsin K, roughly half of the participants’ labo-
ratories were effectively equipped with such a marker 
(45%), all employing the 3F9 (Abcam) clone. Similar-
ly, more than half (58%) of the participants reported 
routinely using TFE3/TFEB immunohistochemical 
assays, all employing a laboratory self-made stain-
ing protocol. Most physicians (58%) employing these 
latter claimed to consider a positive immunohisto-
chemical TFE3/TFEB staining as long as intense and 
diffuse, while a minority (17%) accomplished as di-
agnostically relevant every positive case, regardless 
of the intensity and percentage. To note, a significant 
proportion (25%) of the respondents would rather ob-
tain a FISH confirmation for each positive case. As for 
the FISH technique, there was considerable variability 
in the positivity cut-off, with an equal proportion (40%) 
of physicians using either a 20% or 50% split-sig-
nal threshold. Finally, in case of resource availability, 
most responders (73%) would perform molecular se-
quencing in TFE3-rearranged/TFEB-altered renal cell 
carcinoma, mainly to either confirm a doubtful immu-
nohistochemical result or to further characterize the 
underlying molecular alterations.
The responses of the participants to each question of 
the survey, along with their corresponding percentag-
es, are summarized in Supplementary Table I.

Discussion

Advances in cancer research keep on changing the 
current classification of renal tumors, defining specif-
ic biologically distinct categories, such as molecularly 
defined renal cell carcinoma. However, due to their 
rarity and complexity, the recognition of the peculiar 
pathological features as well as the application of 
strict diagnostic criteria often lags behind in routine 
practice. Thus, in the present study, we aimed to in-
vestigate in a real-world setting pathologists’ personal 
experience and perspective on TFE3-rearranged and 
TFEB-altered renal cell carcinoma.
Our survey embraced a heterogeneous population of 
physicians from various institutions, with different lev-
els of uropathological experience in both their back-
grounds and daily activities. Firstly, our data confirm 
the rarity of these tumors, with most participants ob-
serving fewer than 5 cases in the last 5 years. This 
aligns with the reported incidence of about 1-4% for 
TFE3-rearranged renal cell carcinoma5,6 and 0.02% 
for TFEB-altered renal cell carcinoma3 among adult 

renal cell carcinomas. According to recent data7, re-
nal cell carcinoma should account for roughly 11,000 
novel cancer cases in Italy in 2024, once upper uri-
nary tract carcinomas are ruled out. Hence, within the 
same period, about 100-400 TFE3-rearranged renal 
cell carcinomas and 2-3 TFEB-altered renal cell car-
cinomas should be diagnosed. Since the first report 
in 20018, more than 1200 TFE3-rearranged renal cell 
carcinomas with documented TFE3 gene rearrange-
ment have been described9. It is also likely that the 
incidence of such neoplasms would further increase 
thanks to the wider availability of novel diagnostic as-
says. Thus, pathologists should be aware that such tu-
mors may also be faced by professionals who are not 
routinely dedicated to uropathology and should not be 
misdiagnosed as unclassified renal cell carcinoma. 
This consideration is of particular prognostic con-
cern, because TFE3-rearranged and TFEB-altered 
renal cell carcinoma may display a severe outcome, 
as underlined by our data of half participants (50%) 
documenting at least one metastasizing tumor in their 
personal experience. Specifically, published evidence 
claims about half of TFE3-rearranged renal cell carci-
nomas to develop either local recurrence, distant me-
tastases, or both9. Conversely, TFEB-rearranged renal 
cell carcinomas appear to behave more indolently, 
with local or distant recurrences observed in just 17% 
of the cases3. However, it is worth mentioning that ne-
oplasms carrying amplifications, rather than translo-
cations, of the TFEB gene have been found to have a 
more severe prognosis10,11.
Secondly, the herein questionnaire strengthens the im-
portance of specific clinical and pathological features 
in suspecting TFE3-rearranged and TFEB-altered re-
nal cell carcinoma. Namely, while minor significance 
was attributed to gross appearance, an unusual mor-
phology (62%) and patient’s age (38%) were indicated 
as the most relevant clues. As for this latter, the ma-
jority set a threshold of less than 40 years old, while a 
minority used a 50-year-old cutoff. Notably, both these 
tumors had been initially described in childhood, with 
TFE3-rearranged renal cell carcinoma globally ac-
counting for 40% of pediatric renal cell carcinomas1. 
Nevertheless, neoplasms in older adults have since 
been documented, so that nowadays the average age 
is approximately 35-40 years old for TFE3-rearranged 
renal cell carcinoma9 and 30-35 years old for TFEB-al-
tered renal cell carcinoma3,12. With regard to morpholo-
gy, architectural growth patterns and microscopic find-
ings unusual for other conventional renal cell carcino-
ma histotypes are the most typical hint that triggers 
the suspicion of TFE3-rearranged and TFEB-altered 
renal cell carcinoma. Among these, the evidence of 
papillary structures made up of clear cells was ranked 
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Figure 3. Representative hematoxylin and eosin images revealing diagnostic clues in TFE3-rearranged and TFEB-altered 
renal cell carcinoma: papillary-arranged structures (A) associated with deposits of psammoma-like calcifications (B). Nota-
bly, the neoplasms from both pictures are made up of a variable proportion of clear and eosinophilic cells, underscoring the 
architectural and cytological heterogeneity typical of these tumor entities.

as the most common finding in TFE3-rearranged and 
TFEB-altered renal cell carcinoma (62%), followed by 
a mixture of distinct architectural patterns (31%). In 
this view, it should be underlined that a papillary-ar-
ranged clear cell proliferation is certainly one of the 
most frequent patterns in TFE3-rearranged renal cell 
carcinoma, especially if psammoma-like calcifications 
are also noted8,13 (Fig. 3), but many other patterns can 
also occur. TFE3-rearranged tumors mimicking clear 
cell or papillary renal cell carcinoma14, clear cell pap-
illary renal cell tumor15, and multilocular cystic renal 
neoplasm of low malignant potential16 are on record, 
as well as TFEB-altered neoplasms resembling onco-
cytoma17, chromophobe renal cell carcinoma, and epi-
thelioid angiomyolipoma/pure epithelioid PEComa18,19. 
Hence, when dealing with unusual renal tumors, a high 
level of awareness is the key to addressing appropri-
ate further analyses and getting the proper diagnosis. 
Moreover, similar to other molecularly defined renal 
cell carcinomas such as fumarate hydratase-deficient 
renal cell carcinoma20, intratumoral architectural and 
cellular heterogeneity has been observed in TFE3-re-
arranged and TFEB-altered renal cell carcinoma21–24. 
Speaking of this, just a minority of the participants 
considered nucleolar grading (30%) and the presence 
of coagulative tumor necrosis (36%) as prognosti-
cally useful in TFE3-rearranged and TFEB-altered 
renal cell carcinoma. The clinical meaning of such 
histological findings is still partially unsolved in these 
neoplasms. While nucleolar grading failed to reach 
statistical meaning25, in some cohorts, tumor necro-
sis correlated to patients’ prognosis both in TFE3-re-
arranged25 and TFEB-altered renal cell carcinoma21. 
However, as most studies rely on limited case series, 
further wider studies are indeed warranted to further 

address these topics. Finally, all but one participant 
reported never noticing sarcomatoid dedifferentiation 
in TFE3-rearranged and TFEB-altered renal cell carci-
noma, indicating that this feature is extremely rare in 
such tumors, even in the most pathologically aggres-
sive cases.
Although it is indeed critical to initially suspect 
TFE3-rearranged and TFEB-altered renal cell carcino-
ma, morphology alone is not sufficient for a definitive 
diagnosis. According to all survey participants, inte-
gration with ancillary techniques such as immunohis-
tochemistry, FISH, and molecular sequencing is man-
datory. However, the respondents were divided, with 
46% relying solely on immunohistochemistry and 54% 
using immunohistochemistry along with other molecu-
lar tests. Regarding immunohistochemistry, the major-
ity of the answerers routinely employed CA9, HMB45, 
Melan-A, CK7, TFE3, CD10, and cathepsin K, while 
only a minority of laboratories used PAX8, CKAE1/
AE3, AMACR, S100A1, and vimentin. The adoption 
of a reasoned panel of antibodies may be significant-
ly helpful in addressing the diagnosis of TFE3-rear-
ranged and TFEB-altered renal cell carcinoma, es-
pecially when more expansive molecular assays are 
not available26. In this context, the majority of physi-
cians attributed the greatest importance to cathep-
sin K, melanocytic markers, TFE3, PAX8, CK7, CA9, 
and CD10 assays, which aligns with the published 
literature. Namely, both types of tumors are gener-
ally negative for keratins1, like CK7, and CA9, while 
a noteworthy proportion of TFE3-rearranged (35%)9 
and TFEB-altered (90%)25 renal cell carcinomas stain 
for melanocytic markers HMB45 and melan-A. Sim-
ilarly, growing published evidence underscores the 
diagnostic role of cathepsin K in these tumors, be-
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cause, in contrast to other epithelial renal neoplasms, 
it is expressed in about 60% TFE3-rearranged renal 
cell carcinomas and nearly all TFEB-altered renal cell 
carcinomas27. However, it is advisable to also perform 
PAX8 staining and, if possible, CD68 (clone PG-M1) 
when dealing with these tumors for the differential di-
agnosis of renal mesenchymal neoplasms, such as 
pure epithelioid PEComa (so-called epithelioid angi-
omyolipoma) or TFE3-rearranged PEComas, which 
may share almost overlapping morphology and im-
munophenotype9,18,19,28. About cathepsin K, it is also 
worth noting that all the laboratories furnished with 
it (55%) employed the 3F9 (Abcam) clone. This lat-
ter has been associated with higher sensitivity and 
specificity rates29-31 than a recently developed assay 
(clone EPR19992) which has instead proven to stain a 
significant proportion of other renal tumors, like onco-
cytomas and chromophobe renal cell carcinoma32. Of 
note, investigating cathepsin K expression may also 
carry therapeutic implications as it could partially ex-
plain response to cabozantinib, one of the most com-
monly employed systemic options for patients diag-
nosed with metastatic TFE3-rearranged and TFEB-al-
tered renal cell carcinoma. In detail, this drug’s activity 
in these patients has been correlated to modulation 
of osteoclast differentiation, causing down-regulating 
cathepsin K33, and blockage of various kinases includ-
ing MET, a known oncogenic driver in such tumors25,34. 
Thus, in the current hardly desert landscape, apart 
from direct TFEB inhibitors like eltrombopag35 still in 
early experimental phases, demonstrating positive 
cathepsin K staining may strengthen the adoption of 
specific therapeutic options for TFE3-rearranged and 
TFEB-altered renal cell carcinoma patients.
Most pathologists joining the survey (58%) routine-
ly performed TFE3/TFEB immunohistochemical as-
sessment when suspecting TFE3-rearranged and 
TFEB-altered renal cell carcinoma. Among them, a 
minority (25%) would require further FISH confirma-
tion, while the majority would consider reliable TFE3/
TFEB staining as long as intense and diffuse (58%) 
or even regardless of the pattern of expression (17%). 
It should be noted that the role of such immunohis-
tochemical assays is still controversial. Despite being 
potentially helpful in specific settings (i.e. subtle para-
centric inversions easily missed by FISH), they have 
been associated with potential false-negative and 
false-positive rates24,28,36,37. Thus, to date, document-
ing genetic alterations by FISH or molecular sequenc-
ing remains the gold standard to definitely prove a di-
agnosis of TFE3-rearranged and TFEB-altered renal 
cell carcinoma1. As far as FISH is concerned, it has 
been historically considered the ground truth test for 
identifying TFE3-rearranged and TFEB-altered renal 

cell carcinomas, thanks to its accuracy and lesser in-
fluence by fixation issues23. However, no universally 
acknowledged positivity cut-off has been established, 
as evidenced by the variable thresholds set by par-
ticipants, ranging from 10% to 50% split signals. In 
addition, false-negative FISH results may be caused 
by slight paracentric inversions involving the Xp11 
chromosome, like TFE3::RBM10 and TFE3::NONO, 
among others38,39. In such instances, sequencing 
techniques like RNA-sequencing or RT-PCR are the 
keys in identifying the underlying molecular alterations 
and then confirming the diagnosis in suspicious cases 
(i.e. morphological features, positive cathepsin K and 
TFE3 immunohistochemistry)40. Although not general-
ly required to sort the diagnostic quandary out, most 
participants (73%) agreed they would routinely per-
form molecular sequencing if their laboratories were 
equipped with it. Beyond diagnostic purposes, the ra-
tionale of this trend lies in the pathological and prog-
nostic correlations of these techniques. Specific alter-
ations often reflect peculiar morphological patterns, 
such as a papillary architecture in TFE3::PRCC carci-
nomas41, a biphasic TFEB-like or pseudorosettes pat-
tern in TFE3::SFPQ neoplasms9, and a cystic growth 
in TFE3::MED15 tumors16. Furthermore, differences in 
clinical behavior have been associated with distinct 
molecular alterations: for instance, TFE3::MED15 ne-
oplasms usually have an indolent behavior42, while 
an increased gene copy number may be associated 
with poorer outcome in cases with TFEB amplifica-
tion11,18,43,44.

Conclusions

The adoption of novel diagnostic techniques and the 
modification of renal cell carcinoma classification may 
significantly impact physicians’ daily practice and pa-
thology reports. Herein, we have reported the results 
of a national Italian survey on TFE3-rearranged and 
TFEB-altered renal cell carcinoma. Our data further 
demonstrates that constant updating and sharing of 
knowledge, along with a high level of awareness, are 
the keys to the correct recognition of such tumors and 
to avoiding misdiagnoses, in order to ultimately pro-
vide patients with the best clinical management.
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