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Abstract

Amplification of vascular endothelial growth factor A (VEGFA) has been recently reported in TFEB-amplified renal cell
carcinomas regardless the level of TFEB amplification. We sought to determine VEGFA amplification by fluorescent in situ
hybridization (FISH) and VEGFA mRNA expression by in situ hybridization (RNAscope 2.5) in a series of 10 renal cell
carcinomas with TFEB gene alterations, either amplification and/or rearrangement (t(6;11) renal cell carcinoma). TFEB gene
rearrangement was demonstrated in eight cases, whereas the remaining two cases showed a high level of TFEB (> 10 copies
of fluorescent signals) gene amplification without evidence of rearrangement. Among the eight t(6;11) renal cell carcinomas
(TFEB-rearranged cases), one case displayed a high level of TFEB gene amplification and two showed increased TFEB gene
copy number (3—4 copies of fluorescent signals). Those three cases behaved aggressively. By FISH, VEGFA was amplified
in all three cases with TFEB amplification and increased VEGFA gene copy number was observed in the two aggressive
cases t(6;11) renal cell carcinomas with an overlapping increased number of TFEB fluorescent signals. Overall, VEGFA
mRNA expression was observed in 8 of 10 cases (80%); of these 8 cases, 3 cases showed high-level TFEB amplification, one
case showed TFEB rearrangement with increased TFEB gene copy number, whereas four showed TFEB gene rearrangement
without increased copy number. In summary, VEGFA amplification/increased gene copy number and VEGFA mRNA
expression occur in TFEB-amplified renal cell carcinoma, but also in a subset of t(6;11) renal cell carcinoma demonstrating
aggressive behavior, and in unamplified conventional t(6;11) renal cell carcinoma suggesting VEGFA as potential
therapeutic target in these neoplasms even in the absence of TFEB amplification. We finally propose that all the renal tumors
showing morphological characteristics suggesting t(6;11) renal cell carcinoma and all unclassified renal cell carcinomas,
either high grade or low grade, should immunohistochemically be evaluated for cathepsin K and/or Melan-A and if one of
them is positive, tested for TFEB gene alteration and VEGFA gene amplification.

Introduction entities and new genetic characteristics. To date, MiT

family translocation renal cell carcinoma, either involving
Molecular classification of renal cell carcinoma has been TFE3 or TFEB gene, has been broadly studied [1] and
evolving in the last decades, with the emergence of new  recent work has lead to the delineation of TFEB-amplified
renal cell carcinoma [2-8]. TFEB amplification in renal
cell carcinoma can occur independently of or in associa-
tion with TFEB rearrangement. TFEB gene rearrangement
via chromosome translocation or amplification causes
intact TFEB overexpression and drives subsequent
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high grade and less distinctive than the biphasic appear-
ance of the typical TFEB translocation renal cell carci-
noma. Third, melanocytic marker expression is less
consistent: while all cases have expressed Melan-A, only
approximately 50% express cathepsin K and HMBA4S5.
Fourth, TFEB-amplified renal cell carcinomas typically
have an aggressive clinical course while TFEB translo-
cation renal cell carcinoma usually are indolent.

TFEB gene is located in the short arm of chromosome
6, specifically in the 6p21-p23 region, immediately adja-
cent to vascular endothelial growth factor A (VEGFA)
gene. Given the proximity of those two genes, it has been
hypothesized and demonstrated that some renal cell car-
cinomas showing TFEB amplification harbor concurrent
VEGFA amplification [4]. Because amplification of
VEGFA has been not investigated in t(6;11) translocation
renal cell carcinomas unassociated with TFEB amplifica-
tion, we analyzed a series of renal cell carcinomas with
TFEB gene alterations, either amplification or rearrange-
ment (t(6;11) translocation renal cell carcinoma) to eval-
uate the occurrence of VEGFA gene copy number and
mRNA VEGFA expression.

Materials and methods
Patients and samples

Eight t(6;11) renal cell carcinomas and two unclassified
renal cell carcinoma with TFEB gene amplification were
retrieved from the files of participating institutions. Seven
cases (from case 1 to case 7) have been previously reported
and three unpublished cases have been added. All slides
were reviewed by two authors (AC and GM). The mor-
phology and immunoprofile of the three additional tumors
was recorded.

Immunohistochemistry

Sections from tissue blocks of t(6;11) renal cell carcinomas
and TFEB-amplified renal cell carcinoma were immuno-
histochemically stained with the following antibodies:
PAXS8 (clone BC12, DSB), cathepsin K (clone 3F9, dilu-
tion 1:2000, Abcam), HMB45 (dilution 1:30, Dako),
Melan-A (clone A103, dilution 1:50, Novocastra), cyto-
keratin 8-18 (clone 5D3, dilution 1:100, Novocastra) and
CD68 (clone PG-M1, dilution 1:50, Dako). All samples
were processed using a sensitive “Bond Polymer Refine”
detection system in an automated Bond immunohis-
tochemistry instrument (Leica Biosystems). The appro-
priate positive and negative controls were concurrently
carried out. Labeling for each marker was recorded as the
percentage of positive cells.

Fluorescence in situ hybridization

Fluorescence in situ hybridization (FISH) was carried out
on the 10 carcinomas with TFEB gene alteration using dual
color break apart TFEB, TFE3 probe (Cytotest Inc.,
Rockville, MD, USA) and VEGFA (ZytoVision, Bre-
merhaven, Germany) probe. Centromeric alpha-satellite
specific for chromosome 6 (CEP6) was used as control
probes (Vysis-Abbott, Olympus, Rome, Italy) on serial
tissue sections. Briefly, 3 um sections were cut from
formalin-fixed paraffin-embedded tissue blocks and moun-
ted on positively charged slides. The slides were dried for 1
h at 60°C then deparaffinized, rehydrated and fixed in
methanol/acetic acid 3:1 for 5 min. Pretreatment was per-
formed at 85 °C for 30 min with 0.1 citrate buffer (pH6)
solution followed by pepsin (4 mg/ml in 0.9% NaCl, pH
1.5) treatment for 8 min at 37 °C. After washing and
dehydration, 10 ul probe was applied on selected area and
sealed with rubber cement. Denaturation was assessed by
incubating the slides at 80 °C for 10 min in a humidified
atmosphere (Thermobrite System) followed by hybridiza-
tion overnight at 37 °C. The rubber cement and the cover
slip were removed and the slides were washed in 2X SSC/
0.3% NP40 for 15 min at room temperature and then at 72 °
C for 2 min. Next, the tissue sections were counterstained
with 4,6-diamidino-2-phenylindole antifade (Prolong Gold
Antifade Reagent Life Technologies) and examined under
an X60-X100 oil immersion objective using an Olympus
BX61 fluorescence microscope equipped with filters that
visualize the different wavelengths of the fluorescent probe.
Scoring was performed by two experienced pathologists
(AC and MB). At least 100 neoplastic non-overlapping nuclei
were included in the scoring. Ratio between mean copy
number of TFEB gene/mean copy number of control cen-
tromeric probes CEP6 was ultimately scored. Amplification
was defined by the presence of >10 TFEB/VEGFA fluor-
escent signals or the locus specific identifier/centromeric
alpha-satellite specific probe (LSI/CEP) ratio was > 2.

mRNA in situ hybridization (RNAscope)

The samples were analyzed with RNAscope assay (Advanced
Cell Diagnostics, Newark, CA, USA) using RNAscope 2.5
HD Assay-Brown kit and the Probes-Hs-VEGFA. Ten renal
tumors (three clear cell renal cell carcinomas, three papillary
renal cell carcinomas, two chromophobe renal cell carcinomas
and two oncocytomas) were used as control cases. The pro-
cedure was performed manually following the manufacturer’s
instructions. We used freshly cut 3 um formalin-fixed and
paraffin-embedded slides dried for 1 h at 60 °C. The sections
were deparaffinized and treated with the peroxidase block
solution for 10min at room temperature and then with
retrieval solution for 15 min at 99 °C. For each case, three
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Table 1 Clinical and pathological features of renal cell carcinomas with TFEB gene alterations

Case Age Gender Size/laterality Stage TNM Surgery Follow-up

1 19 F 5.5cm/L pT1bNxMx Partial nephrectomy 15 months alive

2 54 F 7 cm/R pT1bNxMx Radical nephrectomy 36 months alive

3 20 F 9.5 cm/R pT2aNxMx Radical nephrectomy 36 months alive

4 55 M 3cm/R pT1aNxMx Partial nephrectomy 78 months alive

5 34 M 7 cm/L pT1bNxMx Partial nephrectomy 30 months alive

6 42 F 10 cm/L pT3aNOM1 Radical nephrectomy Metastasis after 24 months, dead after 46 months

7 33 M 8cm/L pT3aNxM1 Radical nephrectomy Perinephric nodules after 24 months, 48 months alive
8 69 M 7 cm/L pT2aNxMx Radical nephrectomy Perinephric nodules after 5 months, 14 months alive
9 41 F 3 cm/L pT1laNxMx Partial nephrectomy 20 months alive

10 79 M 10 cm/L pT2aNxMx Partial nephrectomy 18 months alive

F female, M male, R right, L left

sections with targeted probes were incubated: VEGFA,
Bacillus subtilis dihydrodipicolinate reductase (DAPB) as
negative control and Ubiquitin C (UBC) as positive control.
The hybridization was performed for 2 h at 40 °C. Slides were
then washed and incubated with the signal amplification
solution: amp1 for 30 min at 40 °C, amp2 for 15 min at 40 °C,
amp3 for 30 min at 40 °C, amp4 for 15 min at 40 °C, amp5
for 30 min at room temperature, amp6 for 15 min at room
temperature and finally with Diaminobenzidine (DAB) for 10
min and hematoxylin for the counterstaining. The results were
examined under a standard bright-field microscope at x60
magnification.

Scoring was performed according to ACD guideline for
semiquantitative assessment of RNAscope staining intensity
as (0, 1, 2, 3, 4) (https://acdbio.com/technical-support/
solutions). A positive result was considered when the neo-
plastic cells showed 3 or 4 intensity staining.

Results
Clinical characteristics

The clinical features of the 10 patients are detailed in
Table 1. Five patients were female and five male (F:M ratio,
1:1). The patients’ ages at diagnosis ranged from 19 to 80
years (mean 45, median 41). The clinical history of patient 1
to patient 7 has been previously reported [8]. Patient 8,
HCV infected, initially presented to the emergency depart-
ment complaining abdominal pain. He underwent a com-
puted tomography (CT) scan, a renal mass was discovered
and he underwent radical nephrectomy. Patients 9 and
10 suffered from abdominal pain due to lithiasis of upper
urinary tract. In both cases, the renal mass was an incidental
finding (Fig. 1) and both patients were treated by partial
nephrectomy. Follow-up was available for all patients,
ranging from 14 to 48 months (mean 34, median 33).
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Patients 6 and 7 developed metastasis, as previously
detailed. Patient 8 recurred with multiple nodules adjacent
to the pancreatic tail, in the perinephric fat infiltrating the
psoas muscle, and in the paravertebral region after
5 months. Sutent (sutinitib) was initiated; however, due to
hematological and gastrointestinal toxicities, the treatment
was stopped after 2 weeks. He is currently receiving
cabozantinib, and he is alive 14 months after the radical
nephrectomy.

Pathological features

The tumors ranged in size from 3 to 10cm (mean and
median 7). The gross and histological features of the first
seven cases have been previously described in detail [8].
Macroscopic examination of the radical nephrectomy spe-
cimen of case 8 revealed a 7 cm in greatest dimension solid
mass with necrosis without renal vein invasion. Grossly,
cases 9 and 10 were a well-circumscribed multicystic tumor
of 3 cm in diameter (case 9) and a solid and cystic mass of
10 cm (case 10). The morphology of cases 8, 9 and 10 are
illustrated separately for completeness.

Case 8

A discontinuous thick fibrous pseudocapsule was present.
The tumor was predominantly composed of epithelioid cells
with eosinophilic and focally clear cytoplasm and promi-
nent nucleoli (G3 by ISUP/WHO 2016) mainly arranged in
solid-alveolar architecture (Fig. 2). In some areas, smaller
epithelioid clear cells were observed. Hemosiderin-laden
histiocytes and extensive tumoral necrosis were noted.

Case 9

The tumor was well delineated by a fibrous pseudocapsule
and characterized by a tubulocystic pattern with a thin
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Fig. 1 Ultrasound appearance of
case 10 (a). CT scan of case 9
reveals a circumscribed
multicystic tumor in the left
kidney (b)

eosinophilic fluid material filling the cystic spaces. The
single layer of cuboidal cells lining the tubules and the cysts
showed abundant granular eosinophilic cytoplasm with
round nuclei and pinpoint nucleoli (G2 by ISUP/WHO
2016) (Fig. 2). Few macrophages bearing hemosiderin
pigment were observed. Neither necrosis nor mitotic
activity was found (< 1 per 10 High power field (HPF)).

Case 10

A thick fibrous pseudocapsule was present. The solid area
of the neoplasm was mainly composed of medium-sized
polygonal cells with eosinophilic and more rarely clear
cytoplasm arranged in a alveolar and less frequently
tubular-acinar or pseudopapillary (Fig. 2). The nuclei
showed prominent nucleoli (G3 by ISUP/WHO 2016).
Mitotic figures were occasionally encountered (0—1 per 10
HPF). Tumoral necrosis and hemorrhage were found.

Immunohistochemical features

The immunohistochemical results are tabulated in Table 2.
As expected, all t(6;11) renal cell carcinomas were positive
for cathepsin K, Melan-A and CK8-18 [9-12]. Staining for
PAXS8 and HMB45 was found in 7 of 8 tumors and in 6 of 8
tumors respectively (Fig. 3). Both TFEB-amplified renal
cell carcinomas immunostained for PAX8, CK8-18 and
cathepsin K, whereas just one tumor was positive for
HMB45 and Melan-A. CD68 (PG-M1) was negative in all
tumors.

FISH results

All seven t(6;11) renal cell carcinomas and two metastasis
demonstrated a high frequency of split TFEB fluorescent
signals ranging from 61 to 94% (mean 74%, median 75%).
In two tumors (cases 6 and 7), increased gene copy number
was observed (3-5 fluorescent signals per neoplastic
nuclei). Both tumors showed increased number of CEP6
(34 copies), whereas the remaining four tumors were
disomic. The remaining three cases showed a high level of

TFEB gene amplification (> 10 copies of fluorescent sig-
nals), one with TFEB rearrangement, the other two without
evidence of rearrangement (Fig. 3). VEGFA was amplified
in all three cases with TFEB amplification. In two of them
(cases 8 and 10), the levels of amplification of VEGFA and
TFEB were identical, whereas in case 9 the level of
amplification of VEGFA was lower than the level of TFEB
(Table 3).

RNAscope results

Overall, VEGFA mRNA expression was observed in 8 of
10 (80%) renal cell carcinomas with TFEB gene alteration
(Table 3). Of these eight cases positive for VEGFA stain-
ing, three cases showed high-level TFEB amplification, one
case showed TFEB rearrangement with increased TFEB
gene copy number, whereas four showed TFEB gene rear-
rangement without increased copy number (Fig. 3). None of
the papillary renal cell carcinomas, chromophobe renal cell
carcinomas and oncocytomas demonstrated a positive
staining for VEGFA, whereas two of three clear cell renal
cell carcinomas showed a high VEGFA mRNA expression.

Discussion

An increasing number of manuscripts reported the presence
of TFEB gene amplification in renal cell carcinoma [2-6].
As this tumor is defined by the occurrence of TFEB gene
amplification what is considered amplified is of paramount
importance. Gene amplification is established as an elevated
extra copies of a gene without a proportional increase in
other genes. Generally speaking, amplification of a gene
may have diagnostic value (e.g., MDM?2 amplification in
well-differentiated liposarcoma) [13], prognostic value
(e.g., MYC amplification in neuroblastoma) [14] or pre-
dictive value (e.g., HER-2 amplification in breast carci-
noma) [15]. In renal cell carcinoma, TFEB gene
amplification seems to be correlated with an aggressive
behavior. The threshold proposed by Argani and coauthors
is defined by the presence of an average of 10 or more
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Fig. 2 Histologic features of
TFEB-amplified renal cell
carcinomas. Low power view of
case 8 shows a neoplasm with
tumoral necrosis composed of
epithelioid cells with
eosinophilic (a) and clear
cytoplasm and prominent
nucleoli (b). The tumor of case 9
was composed of variably sized
cysts (c) lined by a single layer
of cuboidal cells with
eosinophilic cytoplasm and
small round nuclei (d). Two
different architectures of case 10
were present, tubular-acinar (e)
and solid areas made up of
medium-sized polygonal cells
with eosinophilic cytoplasm and
prominent nucleoli (f)

Table 2 Immunohistochemical results of renal cell carcinomas with
TFEB gene alterations

Case PAX8 CK8-18 Cathepsin k HMB45 Melan-A CD68
(PG-
M1)
1 80% + 15% 100% + 5%+  80%+  Neg
2 80% + 30% 70% + 5%+  80%+  Neg
3 10% + 70% 70% + 5%+  20%+ Neg
4 70% + 30% 100% + 5%+  80%+  Neg
5 60% + 10% 90% + 5%+  80%+  Neg
6 20% + 5% 80% + 10% + 80%+  Neg
7 Neg 10% 100% + Neg 5% + Neg
8 30% + 40% 40% + Neg 90% +  Neg
9 50% + 50% 100% + 1%+ 5%+ Neg
10 50%+ 20% 10% + Neg Neg Neg

copies per neoplastic nucleus [2]. Given the lack of a
consensus to define TFEB amplification, Gupta et al.
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arbitrarily defined two levels of amplification, a low-level
characterized by 5-10 copies and an high level with > 10
copies [4]. As the other studies used a cut-off of > 10 copies
per nuclei, we decided to consider the latter as the threshold
to use. Moreover, in previous analysis [2-5], no percentage
of tumor cells harboring the amplification has been recor-
ded, except in one recent study in which at least 10% of
cells demonstrated the increasing fluorescent signals to
consider the case amplified [6]. In the present series, the
three tumors with TFEB amplification showed an increased
gene copy number in virtually all neoplastic nuclei.
Another open and controversial issue is whether the
increase of TFEB gene copy number is due to nonspecific
whole DNA polyploidy vs. locus-specific TFEB amplifica-
tion, in other words, whether it is a specific or nonspecific
event. After corrections for centromeric alpha-satellite
specific for chromosome 6, TFEB gene copy number was
interpreted as true amplification rather than a nonspecific
polyploidy in three cases (cases 8, 9 and 10). On the other



VEGFA amplification/increased gene copy number and VEGFA mRNA expression in renal cell carcinoma with. .. 263

Fig. 3 Immunophenotype of
TFEB-amplified renal cell
carcinomas. PAX8 was positive
in the neoplastic cells of case 8
(a). The cells lined the cysts of
case 9 were strongly positive for
cathepsin K (high magnification
in the insert) (b). Staining for
Melan-A was diffusely present
in the tumor cells of case 10 (¢).
Fluorescence in situ
hybridization result of case

8 shows TFEB amplification (d).
The green and red signals are
split apart demonstrate the break
of the TFEB gene (insert). TFEB
gene amplification of case 10 (e)
with identical level of
amplification of VEGFA (f) and
high VEGFA mRNA expression
(®

hand, two cases (cases 6 and 7) showed a lower level of
gene copy number (3-5 signals per tumor nuclei) with a
similar increased number of CEP6. Hence, these were
considered as chromosome 6 polysomy, a nonspecific event
reflecting genomic instability.

With respect to the clinical behavior, we have previously
reported two patients with t(6;11) renal cell carcinomas
(cases 6 and 7) who developed metastasis characterized by
increased TFEB gene copy number, necrosis and large
tumor size [8]. As expected on the basis of pathologic
features such as necrosis, dimension and amplification of
TFEB gene, patient 8 recurred after 5 months and behaved
aggressively.

Because of its novelty, the characteristics of TFEB-
amplified renal cell carcinoma are not well understood;
therefore, we undertook a comprehensive review of this
tumor as illustrated in Table 4. Overall, 42 cases of TFEB-
amplified renal cell carcinoma, including the three cases
described herein, with or without TFEB rearrangement were

found. The mean age of these patients was 63 years and the
median 65 years (range from 23 to 83). There was a slight
male predominance (24M, 18F). The tumors’ size ranged
from 1.8 to 19.5 cm (mean and median 10). When follow-
up was available, it ranged from 1 to 265 months (mean 79
and median 24). Based upon the review of the literature, the
majority (26/41, 63%) of TFEB-amplified renal cell carci-
nomas are tumor stage pT3 or higher, which correlates with
the aggressiveness. Moreover, most of the tumors (88%)
showed an high ISUP/WHO 2016 nucleolar grade. Inter-
estingly, as previously noted [4, 16] and reported here,
TFEB amplification may occur in low-grade renal cell car-
cinoma. Histologically, the tumors with TFEB amplification
were mainly characterized by a nested or papillary/psue-
dopapillary architecture made up of epithelioid cells with
eosinophilic cytoplasm. None of the four t(6;11) renal cell
carcinomas with concurrent TFEB gene amplification
demonstrated the classical biphasic morphology with larger
epithelioid cells and smaller cells clustered around
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Table 3 Molecular results of renal cell carcinomas with TFEB gene alterations

Case TFEB FISH TFE3 FISH CEP6 VEGFA FISH VEGFA TFEB status by VEGFA status VEGFA status
RNAscope FISH by FISH by RNAscope
1 Break No break 2-3 signals 2-3 signals 4 Rearranged Disomic Positive
2 Break No break 2 signals 2 signals Rearranged Disomic Negative
3 Break No break 2 signals 2-3 signals 1-2 Rearranged Disomic Negative
4 Break No break 2 signals 2 signals 34 Rearranged Disomic Positive
5 Break No break 2-3 signals 2-3 signals Rearranged Disomic Positive
6 Break No break 3—4 signals 3 signals 4 Rearranged + GCN gains Positive
(3-5 signals) (3 signals) GCN gains
7 Break No break 34 signals 4-5 signals 34 Rearranged + GCN gains Positive
(3-5 signals) GCN gains
8 Break (> No break 2 signals > 10 signals 3 Rearranged + Amplified Positive
10 signals) amplified
9 No break (> No break 3 signals > 10 signals 4 Amplified Amplified Positive
10 signals) (10% of nuclei)
6 signals (90%
of nuclei)
10 No break (> No break 4 signals > 10 signals 34 Amplified Amplified Positive

10 signals)
6 signals (20%
of nuclei)

(80% of nuclei)

GCN gene copy number

eosinophilic spheres formed by basement membrane mate-
rial. Nevertheless, the amplified — t(6;11) renal cell carci-
noma (case 8) described in the present study showed two
types of cells, large and small size. Immunohistochemically,
labeling for HMB45, when reported present (6/27, 22%), is
usually focal, whereas the positivity of cathepsin K (14/21,
67%) and Melan-A (26/33, 79%) ranged from patchy to
diffuse. Among the four cases of t(6;11) renal cell carci-
noma with concurrent TFEB gene amplification, all tumors
expressed Melan-A, cathepsin K was present in 3 of 4, and
half of them were labeled by HMB45. The expression of
cathepsin K and melanocytic markers in TFEB-amplified
renal cell carcinoma is worthy of note. A possible expla-
nation is that, not only 7FEB rearrangement but also
increased TFEB gene copy number leads to intact TFEB
protein overexpression, which correlates with aberrant
melanocytic marker immunolabeling and cathepsin K
expression as well.

In the current study, we have also assessed the occur-
rence of VEGFA amplification in renal cell carcinomas with
TFEB gene alterations, either amplification or rearrange-
ment. Increased VEGFA gene copy number (3-5 signals)
was found in the two aggressive cases of t(6;11) renal cell
carcinoma with a similar number of TFEB fluorescent sig-
nals. In the three TFEB-amplified renal cell carcinomas (>
10 TFEB signals), a concurrent VEGFA amplification was
observed. The mRNA expression of VEGFA analyzed by
RNAscope was concordant with VEGFA status in 7 out of
10 tumors (five VEGFA mRNA positive cases with
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VEGFA and TFEB gene copy number/amplification and
two VEGFA mRNA negative cases with VEGFA and
TFEB disomic status). In the remaining three cases, the
level of VEGFA mRNA was higher than expected based on
the level of VEGFA gene copy number suggesting the
involvement of an alternative mechanism leading the
upregulation of mRNA expression.

The last fascinating aspect regards the treatment. At
present, there are few studies concerning the target therapy
(mammalian target of rapamycin (mTOR) inhibitor and
anti-angiogenic including anti-VEGF receptor and ligand)
in MiT family translocation renal cell carcinoma [17, 18]. It
is important to note that all the tumors of the patients
reported by Malouf et al. and Choueiri et al. were Xpl1
renal cell carcinoma and data regarding the treatment of
aggressive t(6;11) renal cell carcinoma are lacking.
Recently, Gupta and colleagues described the possible
usefulness of VEGFR target therapy in four renal cell car-
cinomas with TFEB/VEGFA coamplification [4]. This
finding is interesting because the t(6;11) renal cell carci-
noma with aggressive behavior reported in the present study
were characterized by increased TFEB/VEGFA gene copy
number suggesting that VEGFA may be a potential ther-
apeutic target in this subset of tumors.

In summary, we have described a series of 10 renal cell
carcinomas with TFEB gene molecular alterations and
immunoexpression of cathepsin K including seven cases of
unamplified conventional t(6;11) renal cell carcinomas, two
of which had increased TFEB/VEGFA gene copy number,
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Table 4 (continued)

Follow-up Notes

VEGFA FISH

Cathepsin K HMB45 Melan-A TFEB FISH

PAX2/
PAXS

Stage TNM ISUP

Age Gender Size

Case References

grade

(cm)

Renal vein thrombus,
liver metastasis

NA (array CGH) Dead after

+ (40%) 10-20 signals

Neg

Neg

NA

14 pT3cNOM1 4

60

Mendel et al.
(2017)

39

14 months

14 months alive Perinephric nodules

> 10 signals

Neg +(90%) Break + >

+ (30%) + (40%)

69 7 pT2aNxMx 3

Present series
(case 8)

40

after 5 months

10 signals

> 10 signals

+(5%) >10 signals

+(1%)

+(50%) + (100%)

pTlaNxMx 2

3

Present series
(case 9)

41

(10% of nuclei)

6 signals (90% of 20 months alive

nuclei)

> 10 signals

> 10 signals

Neg

Neg

+ (50%) + (10%)

10 pT2aNxMx 3

79

Present series
(case 10)

40

(80% of nuclei)

6 signals (20% of 18 months alive

nuclei)

NA not available

*no additional information, ° cases from TCGA

one amplified t(6;11) renal cell carcinoma with concurrent
VEGFA amplification and two TFEB/VEGFA-amplified
renal cell carcinomas without TFEB gene rearrangement.
On the basis of those findings, one could suggest that all the
renal tumors showing morphological characteristics sug-
gesting t(6;11) renal cell carcinoma and all unclassified
renal cell carcinomas, either high grade or low grade,
should immunohistochemically be evaluated for cathepsin
K and/or Melan-A and if one of them is positive, tested for
TFEB gene alteration and VEGFA gene amplification.
Finally, we suggest VEGFA as a potential therapeutic target
in aggressive renal cell carcinoma with TFEB gene
alterations.
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