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Is it “hybrid” or “intermediate”? —more than just a semantic issue
in oncocytic renal cell tumors
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Hybrid oncocytic/chromophobe tumor (HOCT) is a neoplasm
of renal cells encompassing cellular and architectural features
of both renal oncocytoma (RO) and chromophobe renal cell
carcinoma (ChRCC) (1). The first cases were recognized in
patients with Birt-Hogg-Dubé (BHD) syndrome and sporadic
cases were also identified, subsequently. HOCT may show
distinct typical RO and typical ChRCC areas admixed within
the same tumor or composite/ambiguous morphologic and
immunohistochemical features intermediate between RO
and ChRCC (1). Although the latest [2016] World Health
Organization classification of renal cell neoplasms considers
HOCT a ChRCC subtype (2), the place of HOCT in the
spectrum of renal cell neoplasms remains controversial.

A recent publication from Ruiz-Cordero and co-
workers attempts to illuminate the apparently dual nature
of HOCT through an in-depth molecular characterization,
comparing it with RO and ChRCC (3). The majority of
HOCT cases analyzed in this study were sporadic and most
disclosed the expected ambiguous morphology between
RO and ChRCC (with only rare tumor foci displaying
an abrupt transition between RO-like and ChRCC-like
areas). Starting by comparing clinical and pathological
characteristics of sporadic HOCT versus RO and ChRCC,
the authors reported a higher frequency of multifocality
in HOCT (30%) contrasting with only 11% of multifocal
RO and ChRCC cases. In addition, two HOCT cases with

© Annals of Translational Medicine. All rights reserved.

aggressive features are reported (one case with metastasis
in the liver causing patient’s death and a case with RCC
of unclassified type arising in a HOCT background).
Remarkably, only one other case of metastatic HOCT has
been reported to date (4).

Then, the authors extensively analyzed some molecular
features of HOCT cases. They performed targeted
exon sequencing in 16 samples (corresponding to 14
patients): next-generation sequencing with target capture
and sequencing of 261 cancer-associated genes using
an in-house-developed assay (1200.1) (5). This panel
was previously validated and found to be as precise as a
commercially available CLIA-compliant hotspot panel,
permitting the detection of a larger number of actionable
gene mutations (5). The mutational landscape of HOCT
unraveled by Ruiz-Cordero et al. remarkably discloses the
absence of mutations in classic driver genes of renal cell
carcinoma (RCC) and RO (such as VHL, BAPI, FH, MET,
PTEN, TERT, TP53, ERCC2 and SDHA-D). Indeed, only
one somatic mutation was found in five cases, each (including
two patients with ATM gene mutations, an uncommon
feature for RCC). Using publicly available data for
comparison, the authors underscore significant differences
between HOCT and ChRCC in terms of TP53, PTEN
or MLL3 mutations. Furthermore, ERCC2 mutations,
classically described in RO, were not found in the analyzed
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HOCT, although the number of cases was insufficiently
powered to demonstrate statistical significance.

The T200.1 panel also allows for evaluation of whole-
genome copy number alterations. Thus, 9/15 (60%)
HOCT samples evaluated disclosed chromosomal copy
number alterations. In three samples, loss of chromosome
1 was the only alteration depicted and one sample disclosed
loss of chromosomes 1 and Y, only. The authors, then,
concluded that copy number alteration profile of HOCT
was closer to RO than to the genome wide chromosomal
copy number alterations typically displayed by ChRCC.
Even the HOCT case with liver metastasis, which presented
multiple copy number alterations, showed copy number
losses (2p-, 5p-, 8p-, 9p-, 19p-) quite different from the
typical losses occurring in ChRCC (involving chromosomes
1,2, 6 10, 13, 17 and 21). Tumor ploidy was also assessed
and, remarkably, only the metastatic HOCT disclosed a
ploidy value of 5.2, and a whole-genome doubling ratio
of 1, sharply contrasting with the other HOCTs (with no
metastases) which displayed near diploid ploidy values and
lower whole-genome doubling ratios.

The following step was to analyze and compare the gene
expression profile of HOCT, RO and ChRCC. Firstly,
in silico analysis of publicly available gene expression data
was done to detect the most differentially expressed genes
between RO and ChRCC and the genes associated with
aggressive behavior of ChRCC. The most differentially
expressed genes in terms of fold change, and genes that
were differentially expressed across the various studies,
were selected. This expression signature of renal cell
oncocytic neoplasms was subsequently evaluated in tissue
material using Nanostring’s nCounter (NanoString
Technologies) platform. Concerning RNA transcript data,
HOCTs leading fold change values were intermediate
between those of RO and ChRCC. Interestingly, the
two aggressive HOCT cases did not cluster towards
ChRCC. Moreover, a subgroup of genes was significantly
differentially expressed in HOCT vs. RO (n=25 genes) and
in HOCT wvs. ChRCC (n=58 genes).

The study of Ruiz-Cordero et 4l. provides very relevant
and detailed data concerning the genetic landscape of
HOCT: in addition to assess DNA copy number alterations
it also examined, for the first time, the mutational and
transcriptomic profile of these neoplasms in direct
comparison with RO and ChRCC. Previous studies had
also analyzed DNA copy number alterations in HOCT
case series (6,7). Indeed, Petersson et 4/. found, in one or
more of the chromosomes tested, either monosomy or
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polysomy in all 14 cases analyzed (most commonly they
found chromosome 20 monosomy) (6), but these alterations
were distinct from the cytogenetic anomalies classically
found in ChRCC or RO: combined losses of 1, 2, 6, 10,
13, 17, 21 and Y in ChRCC (with eosinophilic variant
showing fewer or no genetic losses) and losses of 1, 14,
Y; 11q rearrangements or normal karyotype in RO (2).
Contrarily, Poté et 4l. found no chromosome imbalance in
most HOCT cases tested (58% of the 12 cases studied),
whereas chromosome 1 deletions were identified in four
cases, similar to RO (7). These findings, in addition to the
demonstration of apical Hale staining and the globally
favorable prognosis of HOCT cases (also similar to RO),
suggested that the molecular profile of HOCT was nearer
to RO (7). Concerning DNA copy number, the findings
of Ruiz-Cordero et al. are closer to those of Poté et al.,
with predominant losses of chromosome 1 or Y and ~40%
of cases lacking chromosomal gains or losses, similarly to
RO (or to some ChRCC, namely the eosinophilic variant).
Interestingly, the similarity between HOCT and RO
seems to be more evident regarding DNA copy number
alterations, since deep-targeted next-generation sequencing
of HOCTs failed to find the same gene mutations
commonly described in RO (namely in ERCC2) (8).
The gene mutations found in HOCT were also distinct
from those most frequently described in ChRCC (such as
in PTEN, TERT and TP53) (8,9). Moreover, the mRNA
signature of HOCT also appears distinct from RO and
ChRCC, with HOCT displaying an intermediate profile
between RO and ChRCC, although seemingly closer to RO
than to ChRCC, as apparent in Figure 3 of Ruiz-Cordero
et al. (3).

One limitation of this study is the small number of cases
associated with BHD syndrome included in the analysis
(two cases of patients with BHD stigmata; one of these
was genetically confirmed). This might be expected since
these correspond to the minority of cases available. Could
the findings be different if a bigger sample of such cases is
analyzed? Also, could there be different molecular profiles
between sporadic and BHD-related cases? Curiously, in
sporadic HOCT cases, no folliculin (FLCN) gene mutations
were found. Another aspect is that the study of Ruiz-
Cordero er al. comprised mostly cases with morphologic
intermingled features of RO and ChRCC and, as such,
no separate microdissection of the different components
was performed. Indeed, there seems to be two different
types of HOCT at morphological level: those disclosing
“hybrid” features between RO and ChRCC at cellular
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e Nested /alveolar patterns, abundant, e Hybrid morphology between RO and e Solid growth, nests or broad
eosinophilic granular cytoplasm, ChRCC alveoli, polygonal cells with distinct
uniform small, round nuclei with e =~ 30% multifocal cell borders, wrinkled nuclei with
evenly dispersed chromatin * Agressive cases reported perinuclear halos

e =~11% multifocal e Chromosome alterations: null or 1,6, e =~11% multifocal

* Benign behaviour 20, X,Y del e Malignant behaviour

e Chromosome alterations: null or e Mutations: no recurrent gene e Chromosome alterations: null or 1,2,

1,14,21,Y del
e Mutations: ERCC2

mutations (ATM in 2 cases)

3,5,6,9,10,11,13,17,21,Y del
e Mutations: MLL3, PTEN, TP53

Figure 1 Schematic illustration of the spectrum of renal cell oncocytic neoplasms, emphasizing some clinicopathologic and molecular

differences [inspired on the illustration of Ruiz-Cordero et a/. (3)]. RO, renal oncocytoma; HOCT, hybrid oncocytic/chromophobe tumor;

ChRCC, chromophobe renal cell carcinoma.

and architectural level, and those showing discrete RO-
like and ChRCC-like foci (mosaic pattern) within the
same neoplasm. We have recently reported one HOCT
case disclosing the mosaic pattern, in which chromosomal
alterations (using FISH) and differential microRNA
expression were assessed in each component separately (10).
Interestingly, higher relative miR-141 and miR200b
expression were found in the ChRCC-like area, whereas
higher miR-21 was depicted in the RO-like areas, in
agreement with our previous observations in sporadic
ChRCC and sporadic RO (11). Using FISH analyses,
we have also found a dissimilar genetic pattern among
RO-like and ChRCC-like components, i.e., multiple
tetrasomies or no chromosomal alterations, respectively.
This contrasted with the previous study of Poté et al. that
found no differences between the two HOCT components,
using comparative genomic hybridization (7). Thus,
we believe that analysis of a larger number of HOCT
cases including tumors with mosaic pattern allowing for
differential assessment of RO-like and ChRCC-like foci
will further illuminate the origin and character of HOCT.
Indeed, we are tempted to speculate whether HOCT cases
disclosing the mosaic pattern might also differ (clinically
and molecularly) from those showing the intermingled/
ambiguous morphology.

All in all, available data on HOCT sustain the perception
that it may represent a distinct disease entity, with some
features resembling RO or ChRCC (e.g., copy number
alterations and specific microRINA expression), whilst others
differ more significantly (e.g., mutational and transcriptomic
profile). Although some of the molecular alterations of
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HOCT seem closer to those reported for RO, there are
relevant differences between these neoplasms: HOCTs
are morphologically distinct, more frequently multifocal,
display a different mutational profile and, importantly,
may exhibit an aggressive clinical behavior (Figure 1). A
similar scenario could be set for HOCT vs. ChRCC. Thus,
more than “hybrid” tumors, HOCT seem, indeed, to bear
“intermediate” characteristics between RO and ChRCC.
Finally, HOCT is a remarkably heterogeneous neoplasm,
suggesting the existence of different tumor subsets.
Additional genetic and epigenetic characterization of a
larger series of HOCT, including BHD-related cases and
cases representing the different histological patterns, might
provide critical evidence for the recognition of this distinct
renal cell tumor type.
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