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Abstract
Tubulocystic renal cell carcinoma, a unique tumor, was recently included as a new entity in the World Health Organization
classification of renal tumors. It has variably been reported to be related to other renal cell carcinomas, including papillary
renal cell carcinoma, fumarate hydratase-deficient carcinoma, and others, likely because many such carcinomas may show
variable amounts of tubulocystic architecture. The published data characterizing the molecular features of these tumors are
inconsistent. We studied nine “pure” tubulocystic renal cell carcinomas, as defined by International Society of Urologic
Pathologists (ISUP) and World Health Organization (WHO), by targeted next-generation sequencing, and fluorescence
in situ hybridization for X and Y chromosomes, to investigate if these show any unique characteristics or any overlap with
known mutational/molecular profiles or copy number alterations in other subtypes of renal cell carcinoma. All nine
tubulocystic carcinomas demonstrated combined losses at chromosome 9 and gains at chromosome 17, as well as, loss of
chromosome Y (in 5/5). None of the tumors showed mutational profiles characteristic of other renal neoplasms, including
those seen in fumarate hydratase-deficient renal cell carcinoma. Recurrent mutations in chromatin-modifying genes, KMT2C
and KDM5C, were detected in two of nine tumors. Thus, tubulocystic renal cell carcinoma, if defined strictly, at the clinical
and pathologic level, demonstrates genomic features distinct from other subtypes of renal cell carcinoma. These findings
support the contention that tubulocystic renal cell carcinoma should be diagnosed only using strict morphological criteria
and only when presenting in a “pure” form; presence of variable papillary, poorly differentiated, or other architectural
patterns most likely do not belong to the category of tubulocystic renal cell carcinoma.

Introduction

Tubulocystic renal cell carcinoma in the older literature has
variably been described as Bellinian epithelioma and low
grade collecting duct carcinoma [1, 2]. The term tubulo-
cystic renal cell carcinoma was first used by Amin et al. [3]
at the 2004 United States and Canadian Academy of
Pathology annual meeting where they described a series of
29 cases defining the characteristics of this tumor; the series
was subsequently published in 2009. The tumor is now
included as a distinct entity in the WHO 2016 classification
of tumors of the kidney [4]. Less than 100 cases of pure
tubulocystic renal cell carcinoma have been reported in
literature. These tumors are considered to be relatively less
aggressive with metastasis reported in ~ 6% of the cases [4].

Both the International Society of Urologic Pathologists
(ISUP) and World Health Organization (WHO) recommend
that the term tubulocystic renal cell carcinoma be restricted
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to tumors that display the typical macroscopic and micro-
scopic features [4, 5]. According to the ISUP, the term
should not be used in situations in which there is a tubu-
locystic pattern admixed with the usual elements of papil-
lary renal cell carcinoma or collecting duct carcinoma.
Tubulocystic-like architecture may be variably present in
many renal tumors, including renal oncocytoma, chromo-
phobe renal cell carcinoma, fumarate hydratase-deficient
renal cell carcinoma/hereditary leiomyomatosis renal cell
carcinoma-associated renal cell carcinoma, and collecting
duct carcinoma, among others [6–8]. Many publications on
tubulocystic carcinomas have included tumors with areas
showing papillary architecture [9, 10]. In recent years, there
have been some publications describing tubulocystic renal
cell carcinoma with high-grade or poorly differentiated
areas exhibiting tubulopapillary and nonglandular (solid/
sheet-like, nested, cord-like, rhabdoid) components in
addition to areas showing tubulocystic architecture [11–13].

Molecular alterations of “pure” tubulocystic renal cell
carcinoma (as defined by ISUP and WHO) remain largely
unknown. Using Affymetrix X3P oligonucleotide micro-
array analysis, Amin et al. [3] reported that tubulocystic
carcinoma overexpresses genes related to amino-acid
metabolism and cell cycle, whereas underexpressing a
number of biopolymer metabolism genes. A few studies on
molecular/genetic features of tubulocystic renal cell carci-
noma have suggested that the tumor is related to papillary
renal cell carcinoma [9, 10]. However, these studies also
included tumors with areas showing papillary architecture,
and would not be considered to be “pure”. One recent study
that concentrated on miRNA expression analysis, also
reported on mutations detected by targeted next-generation
sequencing [14]. Unfortunately, a number of the cases in
this study lacked paired constitutional DNA samples for
comparison, raising the question of whether the findings
truly represent recurrent somatic driver events.

In this study, we aimed to clarify the molecular altera-
tions of “pure” tubulocystic renal cell carcinoma and
investigated the somatic mutations and copy number
alterations using targeted next-generation sequencing in
nine “pure” tubulocystic renal cell carcinomas fulfilling the
current diagnostic recommendations of WHO and ISUP. As
both these next-generation sequencing methods are not
designed to detect numerical alterations in the Y chromo-
some, fluorescence in situ hybridization (FISH) assays were
performed to evaluate such changes in sex chromosomes.

Materials and methods

Nine cases of “pure” tubulocystic renal cell carcinoma were
included in this multi-institutional study approved by the
respective institutional research boards. Five cases were

obtained from the pathology archives of Memorial Sloan
Kettering Cancer Center; the other four represented those
from the control group of previously published study by
Smith et al. [8] on “tubulocystic carcinoma with poorly
differentiated areas”. All tumors were well circumscribed
and had pure tubulocystic morphological features as defined
previously [5], namely, small to intermediate-sized tubules
admixed with larger cysts, lined by a single layer of flat-
tened, cuboidal/columnar, and hobnail epithelium with
enlarged and irregular nuclei, intermediate to large (WHO/
ISUP nucleolar grade 3) nucleoli and fibrotic stroma.

Detailed histomorphologic features were evaluated by
pathologists with expertize in genitourinary pathology
(SKT, RM, and YBC); other pathological and clinical
details, including sex, age, tumor laterality, gross features,
focality, tumor size, and stage, were obtained from the
pathology reports and patient charts. In all cases, tissues had
been fixed in neutral-buffered formalin and embedded in
paraffin as part of routine surgical pathology evaluation.

Immunohistochemical evaluation and analysis

Immunohistochemical staining for CK7, cytokeratin
34βE12, alpha methyl acyl co-A racemase (AMACR) and
CD10 was performed on 5-micron-thick sections on the
Ventana, Benchmark XT (Ventana Medical Systems, Oro
Valley, AZ) immunohistochemical stainer, using standard
protocols. The sections were deparaffinized and subjected to
antigen retrieval before primary incubation with the anti-
body panel. Visualization of bound antibodies was per-
formed using the peroxidase-labeled streptavidin–biotin
system (DAKO, LSAB2 kit) with 3, 3- diaminobenzidine as
a chromogen. Positive and negative controls were run
concurrently and exhibited appropriate immunostaining.

Immunohistochemical staining for fumarate hydratase
(FH) was performed using commercially available anti-
FH mouse monoclonal antibody, clone J-13, Santa Cruz
Biotechnology (Dallas, TX) as previously described [8].
An absence of FH immunohistochemical expression in
the neoplastic cells, in the presence of a positive internal
control in non-neoplastic cells, including inflammatory
and endothelial cells, was interpreted as true negative
expression/staining (loss or FH-deficient status). All
other patterns of immunohistochemical expression with
cytoplasmic and granular staining were considered as
retained positivity/positive. Immunohistochemical stain-
ing for S-(2-succino)-cysteine (2SC) was performed
using a polyclonal antibody as described previously
[6, 15]. The 2SC immunohistochemical expression
was assessed for intensity (1+ to 3+ ) and staining
pattern (nuclear and cytoplasmic vs. cytoplasmic only);
only 3+ intensity, nuclear, and cytoplasmic staining was
interpreted as positive.
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Molecular analysis

DNA was extracted from manually macro-dissected tumor
and matched normal formalin-fixed paraffin-embedded tis-
sue using QIAamp DNA formalin-fixed paraffin-embedded
tissue Kit (Qiagen, Valencia, CA) according to the manu-
facturer’s instructions. Four tumors were analyzed using the
Ion Torrent Comprehensive Cancer Panel, a multiplexed
PCR-based next-generation sequencing platform targeting
~ amplicons, including the complete coding sequence of
409 cancer-related genes, as previously reported [16–18].
Paired tumor and normal DNA samples of five other cases
from Memorial Sloan Kettering Cancer Center were ana-
lyzed using the targeted capture-based next-generation
sequencing (Memorial Sloan Kettering Integrated Mutation
Profiling of Actionable Cancer Targets, MSK-IMPACTTM)
to identify somatic mutations and copy number alterations
as described previously [19]. Both assays involve deep
sequencing of all exons of oncogenes and tumor suppressor
genes, whereas MSK-IMPACT TM also captures intergenic
and intronic single-nucleotide polymorphisms (tiling
probes), interspersed homogenously across the genome,
aiding the accurate assessment of genome-wide copy
number. The 410 genes included in MSK-IMPACTTM are
listed in Supplementary Table 1. The allele-specific copy
number analysis of MSK-IMPACTTM data were conducted
using open-source (Fraction and Allele-Specific Copy
Number Estimates from Tumor Sequencing) tool [20]. The
functional impact of the detected mutations was determined
using OncoKB (http://oncokb.org), a precision oncology
knowledge base maintained at Memorial Sloan Kettering
Cancer Center [21], and separated into two categories:
known or likely oncogenic vs. variant of unknown
significance.

FISH analysis

FISH assay for X and Y chromosome was performed on
five of the nine tumors. In all, 4 µm formalin-fixed paraffin-
embedded tissue sections were used following standard
protocols. The dual color probes used for the X and Y
chromosomes (Abbott Molecular, Des Plaines, IL), labeled
in Spectrum Orange and Spectrum Green, respectively, are
specific for the centromere region of the X chromosome,
and for the Yq12 regions. After applying the FISH probes to
the tissue areas, both tissue and probes were co-denatured at
94 °C for 7 min, and then incubated at 37˚C overnight,
followed by post-hybridization washing in 2×SSC/0.3%
NP-40 at 77 °C for 2 min. Tissue sections were counter-
stained with 4′,6-diamidino-2-phenylindole. Signal analysis
was performed in combination with morphology correlation
within the marked tumor areas.

Results

The clinicopathologic features of the nine cases are sum-
marized in Table 1. All nine patients were males. Seven of
the tumors were staged as pT1a, 1 as pT2b, and 1 as pT3a.
None of them had metastasis at the time of presentation.

The pathological features of all tumors are tabulated
(Table 2). On gross examination, all tumors had spongy to
grossly microcystic cut surface. All except one tumor were
well circumscribed, but none showed encapsulation; the one
non-circumscribed tumor showed renal sinus fat invasion.

On microscopic examination, all the tumors were entirely
tubulocystic without any solid, papillary, or cribriform
architecture (Fig. 1). They were composed of small-to-
intermediate-sized tubules admixed with cystically dilated
tubules, with intervening hypocellular and fibrotic stroma.
The lining cells consisted of a single layer of flat to cuboidal
to hobnailed cells, with mostly abundant pink cytoplasm
and large nuclei with prominent nucleoli (equivalent to
WHO/ISUP nucleolar grade 3). Perinucleolar halos were
not identified in any case.

Immunohistochemical findings are listed in Table 3. All
nine tumors showed retained FH immunohistochemical
staining (Fig. 2a). No nuclear or cytoplasmic positivity for
2SC stain was present in any case (Fig. 2b). CK7 and
CD10 showed patchy positivity in all six cases tested,
whereas AMACR was diffusely positive. Cytokeratin
34ßE12 showed patchy positivity in four of these six
tumors, but in general was less diffuse than either CK7 or
CD10.

Molecular findings

Copy number analysis of all nine tumors showed loss of
chromosome 9 and gain of chromosome 17 (Fig. 3) [8].
Other chromosomal gains or losses were also identified,
including chromosome 16 gain in six cases, chromosome 2
and 8 gains in two cases, chromosome 6 gain in one case,
and loss of chromosome 19 in one case. Overall, only

Table 1 Clinicopathologic features

Case: n=9

Age (year/mean) 39–79 (64.2)

Sex (Male:female) Nine males

Size (cm) 1.4–13 (5.1)

Stage

pT1 7

pT2b 1

pT3a 1

Metastasis at presentation None
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chromosome 9 loss and chromosome 17 gain were con-
sistently identified across all tumors.

Table 4 details the mutations identified in these nine
cases. None of the cases exhibited mutations in genes well
known to occur in other renal cell carcinomas subtypes
including FH, VHL, TSC1/2, MET, and SDHB. Recurrent
mutations in two chromatin modifying genes lysine N-
methyltransferase (KMT2C), a histone methyltransferase,
and lysine-specific demethylase 5 C (KDM5C), a histone
demethylase, were each identified in two of nine (22%)
cases. Other known or likely oncogenic mutations in PMS2,
RAD21, TP53, FBXW7, and KEAP1 were also detected.
Case TC2 also showed amplification of MDM2 and CDK4
genes. Other genes listed in the table harbored mutations
considered as variant of unknown significance.

FISH results

In all five cases, no Y chromosome (green) signal was
observed in tumor cells, whereas both X (orange) and Y
signals were observed in cells in the stroma between tumor
tubules and cysts, as well as the non-neoplastic tissues
(Fig. 4).

Discussion

As its description as a distinct entity by Amin et al., there
have been multiple studies detailing the clinicopathologic
features of tubulocystic renal cell carcinoma. Some of these
studies have also reported molecular findings based on
FISH, comparative genomic hybridization, gene expression
profiling, etc [3, 9, 10, 22, 23]. However, until recently, no
detailed molecular characterization of tubulocystic renal cell
carcinoma using next-generation sequencing had been
reported in the literature [14]. Tubulocystic renal cell car-
cinoma, although more frequently reported to be associated

with papillary renal cell carcinoma, has also been reported
to occur in association with other subtypes of renal cell
carcinoma including clear cell renal cell carcinoma, renal
oncocytomas, hybrid tumors, and chromophobe renal cell
carcinoma [7, 24, 25].

A few studies have reported that tubulocystic renal cell
carcinoma is related to papillary renal cell carcinoma. This
is primarily based on their finding of papillary areas in some
tumors and presence of other papillary renal cell carcinoma
in other areas of the same kidney. Hence, it is not surprising
that at least some of previously described tubulocystic renal
cell carcinoma have shown genomic features overlapping
with papillary renal cell carcinoma.

Zhou et al. performed multicolor FISH assay for chro-
mosomes 7, 17, and Y, on 12 cases of tubulocystic renal cell
carcinoma and 20 papillary renal cell carcinoma. Ten of the
tubulocystic renal cell carcinoma had associated papillary
renal cell carcinoma or papillary adenoma within the same
kidney. Ten of 12 tubulocystic renal cell carcinomas
demonstrated chromosome 7 gain, eight of 12 cases had a
chromosome 17 gain, and eight of nine cases had a loss of
Y chromosome [9]. Chen et al. [10] also performed FISH
analysis on two cases, one pure and one mixed case of
tubulocystic renal cell carcinoma and papillary renal cell
carcinoma and showed gains of chromosomes 7 and 17 in
the pure as well as in the mixed tubulocystic and papillary
renal cell carcinoma components. Such studies have sug-
gested some genomic overlap between these two entities.

Yang et al. [22] studied 13 cases of tubulocystic renal
cell carcinoma, 5 of which demonstrated associated papil-
lary renal cell carcinoma in close spatial proximity. By
immunohistochemistry, all tubulocystic renal cell carci-
noma showed diffuse and strong AMACR positivity, and
CK7 immunoreactivity was found in the majority, present
either focally or as weak and diffuse. By gene expression
profiling, they found the molecular signature of tubulocystic
carcinoma to closely approximate that of papillary renal cell

Table 2 Gross and histological features

Cases Circumscription Appearance Renal sinus
fat invasion

Renal vein
invasion

Encapsulation Tubulocystic
area

Equivalent to ISUP/
WHO nucleolar
grade

Perinucleolar
halo

TC1 Yes Multicystic No No No 100% 3 No

TC2 Yes Gelatinous No No No 100% 3 No

TC3 Yes Multicystic No No No 100% 3 No

TC4 Yes Spongy No No No 100% 3 No

TC5 Yes Spongy No No No 100% 3 No

TC6 Yes Microcystic No No No 100 % 3 No

TC7 No Microcystic Yes No No 100% 3 No

TC8 Yes Microcystic No No No 100% 3 No

TC9 Yes Multicystic No No No 100% 3 No
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carcinoma; by comparative genomic microarray analysis,
they found gains of chromosome 17p and 17q (representing
trisomy 17), but no chromosome 7p and 7q gains (repre-
senting trisomy 7). Hence, they concluded tubulocystic
renal cell carcinoma to have a close relationship to papillary
renal cell carcinoma based on a high frequency (23%) of co-
occurrence of these two entities, a close clustering of the

two tumors on the basis of the molecular signatures and last,
positive immunoreactivity for AMACR and weak CK7
immunoreactivity in tubulocystic carcinoma.

On the other hand, other groups have reported dissim-
ilarities in molecular profiles of tubulocystic and papillary
renal cell carcinoma. Tran et al. [23] investigated 12 cases
of pure tubulocystic renal cell carcinoma. All 12 cases
showed strong and diffuse labeling for AMACR, and five
tumors showed focal reactivity for CK7. All 12 tumors were
negative for gains of chromosomes 7 or 17, and were
negative for TFE3 translocation by FISH analysis. By vir-
tual karyotyping, one study on a single case of tubulocystic
renal cell carcinoma showed gains of chromosomes 8 and
17 and loss of chromosome 9 [24]. Similarly, using Affi-
metrix 250 K Nsp genotyping array essays, Quiroga-Garza
et al. [26], reported (in abstract form) recurrent loss of
chromosome 9 and gain of 17 in tubulocystic renal cell
carcinoma. Our findings of loss of chromosome 9 and gain
of chromosome 17 in all nine cases of “pure” tubulocystic
renal cell carcinoma by copy number analysis support this
claim. Loss of Y chromosome was also observed in all five
tested tumors by FISH. Other chromosomal gains or losses
were also present in individual cases by next-generation
sequencing in our study, however the only consistent
finding, across all nine cases, was the loss of chromosome 9
and gain of chromosome 17, as well as the loss of chro-
mosome Y.

Tubulocystic-like architecture has been described in
many different subtypes of kidney tumors. In a study of 15
cases of renal cell carcinoma with tubulocystic pattern,
including pure tubulocystic renal cell carcinoma, tubulo-
cystic renal cell carcinoma with poorly differentiated areas,
and hereditary leiomyomatosis renal cell carcinoma-
associated renal cell carcinoma studied for status of chro-
mosomes 7, 17, and Y by Ulamec et al. [27], none of the six

Fig. 1 Tubulocystic carcinoma showing a well circumscribed but
unencapsulated tumor composed entirely of tubules and cysts. No
solid areas are allowed, per WHO & ISUP classification a. At higher
magnification, this tumor shows the characteristic tubulocystic
appearance with the cysts lined by cuboidal to hobnail cells separated
by hypocellular and hyalinized stroma b. The cyst and tubular lining
often has cells with abundant pink cytoplasm with prominent nucleoli.
Notice no perinucleolar halos are present c

Table 3 Immunohistochemical findings

Cases FHa 2SCb CK7 34bE12 AMACRc CD10

TC1 Retained – + + + +

TC2 Retained – + + + +

TC3 Retained – + + + +

TC4 Retained – + + + +

TC5 Retained – NDd NDd NDd NDd

TC6 Retained – NDd NDd NDd NDd

TC7 Retained – NDd NDd NDd NDd

TC8 Retained – + – + +

TC9 Retained – + – + +

aFumarate hydratase
bS-(2-succino)-cysteine
cAlpha methyl acyl co-enzyme A racemase
dNot done
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cases of pure tubulocystic renal cell carcinoma showed
combined polysomies of chromosomes 7 and 17, (similar to
our observations) as were seen in papillary renal cell car-
cinoma. One of their pure tubulocystic carcinomas showed
loss of Y chromosome. We could not test the status of Y
chromosome by next-generation sequencing, as both MSK-
IMPACTTM and Ion Torrent Comprehensive Cancer Panel
do not include any genes from Y chromosome. Therefore,
we additionally used FISH assay for the sex chromosomes,
which showed consistent loss of Y chromosome, as well.

One of the contentious issues about tubulocystic carci-
noma has been its relationship with papillary renal cell
carcinoma. The consistent gains of chromosome 17 and
losses of Y chromosome, similar to that seen in papillary
renal cell carcinoma, in theory would be in favor of such a
close relationship. However, multiple factors point against
any such connection: (1) Pure tubulocystic carcinoma as
described here and as defined by WHO, has a distinct
morphology with complete lack of any papillary features.
(2) Most tubulocystic carcinomas that were described to
show papillary areas in the past, with the current under-
standing now, most likely represent examples of fumarate
hydratase-deficient renal cell carcinoma [8]. (3) Gains of
chromosome 7, an almost universal feature in type 1
papillary renal cell carcinoma [28], are not seen in tubulo-
cystic carcinoma. (4) Unlike tubulocystic carcinoma, con-
sistent chromosome 9 losses are not a feature of papillary
renal cell carcinoma.

Shared chromosomal losses/gains, based on 1 or 2
chromosomes alone, cannot be justifiable as a proof of
relatedness of different tumors. For example, loss of chro-
mosome Y is not uncommon in a large number of non-renal
tumors, as well as in many renal cell tumors, including clear
cell and chromophobe renal cell carcinoma, and renal
oncocytoma [29–33]. Similarly, gain of chromosome 17 is
particularly common in hereditary leiomyomatosis renal cell

carcinoma/fumarate hydratase-deficient tumors [34]. In
brief, a combination of loss of chromosome 9 and gain of
chromosome 17, with loss of Y chromosome appears to be a
consistent feature in tubulocystic renal cell carcinoma, and
to date has not been reported in any other renal cell tumor.

A majority of the reported tubulocystic renal cell carci-
nomas have shown indolent behavior, mostly presenting as
pT1 disease, and with metastasis in < 10%. In some of
the larger series, totaling a combined 89 cases, only
three developed metastasis [3, 9, 22, 23, 35]. Two of the
cases had pure tubulocystic architecture [3], whereas one
case had metastasis of the high-grade papillary carcinoma
component [22].

In more recent years, there have been some publications
describing tubulocystic renal cell carcinoma with high-
grade areas [11–13]. More recently, another more compre-
hensive multi-institutional study about tubulocystic renal
cell carcinoma with poorly differentiated foci based on 29
cases was published [8]. However, 24 of these 29 cases
(83%) had immunohistochemical staining patterns sugges-
tive of fumarate hydratase-deficiency (FH-/2SC+ n= 16;
FH ± /2SC+ n= 8); and 8 of 11 cases with FH-deficiency
(72%) on sequencing showed FH gene mutations.

Using targeted next-generation sequencing, we found
recurrent alterations of KMT2C and p53/Rb tumor sup-
pressor pathway genes in two tumors each. None of the
nine cases showed mutations in genes that are commonly
altered in other renal cell carcinomas including VHL,
TSC1/2, MET, or SDHB. More importantly, FH gene
mutations were not seen in any of these pure tubulocystic
carcinomas, in contrast to that recently reported in tubu-
locystic carcinoma with poorly differentiated foci, which
is a frequent morphologic pattern of FH-deficient renal
cell carcinoma [8]. A recent study on tubulocystic renal
cell carcinoma by Lawrie et al. [14] reported recurrent
mutations in ABL1 and PDFGRA genes. However, as

Fig. 2 Immunohistochemical stain with fumarate hydratase (FH) showed cytoplasmic positivity in all the nine tumors a, whereas S-(2-succino)-
cysteine (2SC) stain was negative in all b
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constitutional DNA samples were not available for
sequencing analysis in some patients in this study, whe-
ther these reported mutations truly represent recurrent
somatic mutations may need further validation. ABL1 and
PDGFRA are indeed included in both our targeted next-
generation sequencing panels, but we did not identify any
somatic mutations in these two genes in any of our nine
tumors. Our study identified recurrent oncogenic muta-
tions in chromatin modifying genes KMT2C and KDM5C,
as well as other oncogenic mutations such as those in
involving DNA repair and DNA damage response genes
such as PMS2, RAD21, and TP53.

In this study, we used targeted next-generation sequen-
cing methodology compared with the more unbiased
approaches of whole-exome or whole-genome sequencing.
The reasons that we chose the targeted next-generation
sequencing approach are mainly its proven performance in
formalin-fixed paraffin-embedded tissue and its much
higher depth of coverage for detecting low-frequency var-
iants. Cost and availability of tissue (e.g., frozen tissue for
whole-genome sequencing) are other limiting factors we
had to consider when planning the study. Other strengths of
targeted next-generation sequencing include requirement of
much less DNA than is required for whole-exome

Fig. 3 Allele-specific copy number analyses of the next-generation
sequencing data revealed loss of chromosome 9 and gain of chromo-
some 17 in all nine cases. Mutational analysis did not reveal FH
mutation in any of the tumors. This figure shows loss of chromosome 9

and gain of chromosome 17 in all five cases analyzed by Memorial
Sloan Kettering Cancer Center compared with the normal diploid
chromosomes

Tubulocystic renal cell carcinoma: a distinct clinicopathologic entity with a characteristic genomic. . . 707



sequencing or whole-genome sequencing, as well as a much
faster turnaround time [36]. The targeted next-generation
sequencing panels used in our study, MSK-IMPACTTM and
Ion Torrent Comprehensive Cancer Panel, had 410 or 409
cancer-related genes, respectively, including the vast
majority of genes with recurrent mutations that have been
identified in large-scale molecular characterizations of renal
cell carcinoma.

In conclusion, tubulocystic renal cell carcinoma
demonstrates genomic features distinct from papillary renal
cell carcinoma or any of the other usual subtypes of renal
cell carcinoma. Although a tubulocystic growth pattern may
be encountered in a number of renal neoplasms, our current
study provides comprehensive molecular evidence

supporting the ISUP and WHO definitional contentions/
criteria associated with “pure” tubulocystic renal cell car-
cinoma, criteria, which are not strictly adhered to in
some studies in the literature. Thus, the entity tubulocystic
renal cell carcinoma should be diagnosed only when
present as a “pure” form, using well defined strict
morphological criteria; presence of papillary, poorly
differentiated, or other architectural patterns should exclude
a tumor from diagnostic assignment of tubulocystic renal
cell carcinoma.
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