CHARLES UNIVERSITY

Faculty of Medicine in Pilsen

Department of Pathology

Clinicopathological, morphological, immunohistochemical and molecular
biological features of tumours of genitourinary tract

Joanna Rogala, M.D.
Doctoral dissertation

Pilsen 2023
Department: Pathology
Supervisor: Doc. MUDr. Kristyna Pivovar¢ikova, Ph.D. and Prof. MUDr. Ondfej Hes, Ph.D.






Abstract

The thesis “Clinicopathological, morphological, immunohistochemical and molecular
biological features of tumours of genitourinary tract” includes seven commented articles from
the area of genitourinary (GU) tract neoplasms. Due to the wide spectrum of tumours of the
GU tract, the presented dissertation is limited only to morphologic, immunohistochemical and
molecular aspects of renal tumours — in the field of pathology, we have observed fundamental
changes in recent years and where molecular techniques have begun to play an integral role in
pathological examination.

The introduction comments current 5th edition of WHO classification of kidney
tumours, it emphasizes changes and new entities defined by distinctive morphology and
molecular signature as well as comments on new insights in well-established entities.

In the results, there are presented recently published original publications describing
variant morphologies of common tumours with their immunohistochemical and molecular
profile, as well as newly describe entity with its immunohistochemical and molecular
characteristics.

In the conclusion, dynamics of changes in renal tumours classification is discussed
together with the importance of molecular testing, its therapeutic implications and limitations.
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Doctoral dissertation is a collection of author’s original publications dedicated to
morphological variants and molecular background of tumours of genitourinary system. The
author participated as a member of author collectives. The dissertation is written from a point
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focused on recent 5th edition of WHO classification of kidney tumours and new insight to the
renal neoplasms. Seven original articles were included, preceded by introduction. In the
conclusion, the limitations and perspectives in diagnostic approach to kidney tumours are
commented in the light of presented studies.
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1 Introduction

1.1 New WHO classification of renal neoplasms

Classification of kidney tumours represents a dynamic field of constant changes that
can be noted by shortening of time between each “blue book™ edition, as well as high number
of entities included in most recent ones. First published classification of kidney tumours
(dated 1997 - so called The Heidelberg classification of renal cell tumours) described 7 renal
epithelial entities (1). The most recent classification (published in 2022 - 5" edition of WHO
classification of tumours of the kidneys) lists 21 renal cell neoplasms, including benign ones
(2). Interestingly, both editions concluded that using strict criteria would make it possible to
categorize 95% of renal tumours. It shows that after almost 30 years of extensive effort and
new developments, there still remains a group of renal neoplasms that cannot be classified.

Shortly before the release of current 2022 WHO “blue book”, updates and
“guidelines” on kidney tumours were published by the Genitourinary Pathology Society
(GUPS) (3, 4) and the International Society of Urological Pathology (ISUP) (5) — two
international pathologists societies dedicated to the field of GU pathology. All works
summarized most recent insight in kidney tumour pathology and served as a “basis” and
recommendations for WHO contributors (many WHO authors also contributed to these
publications).

Much knowledge was brought to this field by widely applied molecular studies, which
were also dictated by the search for possible options for targeted therapy. It became apparent
that we have arrived in the “histo-molecular” era of renal tumour pathology, where certain
entities are clearly defined by their molecular alterations. However, we cannot forget that the
great majority of tumours can still be diagnosed using defined morphological criteria.

In introduction, the main changes in the 2022 WHO classification will be discussed.
The changes will be divided into minor/small (changes in subclassification) and major
(introduction of molecularly defined RCC into the classification, introduction of new entities
and changes of nomenclature).

1.2 Unchanged entities, minor changes
1.2.1 Clear cell renal cell carcinoma

Clear cell renal cell carcinoma (CCRCC) represents most frequent type of RCC in
adults, accounting for 60-75% of RCCs (2). It is classically composed of cells with abundant
pale cytoplasm arranged in nests or tubules surrounded by a rich and delicate vascular
network. However, variable patterns may be seen within the same tumour as CCRCCs are
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notorious for its intratumoral heterogeneity. Rare morphologies, including CCRCC with
Paneth-like cells (6), CCRCC with a syncytial-type multinucleated giant tumour cell
component (7) or CCRCC with a papillary architecture (8) have been recently reported.

Immunohistochemistry reveals positive staining for wide spectrum cytokeratin
(AE1/AE3 or CAMS.2) vimentin and CAIX with diffuse, membranous “box-like “pattern.
CK7 is usually referred as negative; however it may be positive to some extent in low grade
tumours in cystic and papillary areas (9, 10).

Inactivation of VHL gene located on chromosome 3p (by VHL gene mutation or
methylation, LOH 3p) stands for molecular signature of CCRCC.

1.2.2 Multilocular cystic renal neoplasm of low malignant potential

Multilocular cystic renal neoplasm of low malignant potential (MCRNLMP) is
indolent tumour composed exclusively of cysts lined by low grade (WHO/ISUP grade 1/2),
pale cells. Intraseptal collections of tumour cells exceeding 1 mm in the diameter (causing
expansion of the cystic septum), as well as presence of necrosis, atypical mitoses,
lymphangiovascular invasion or high grade transformation are not compatible with
MCRNLMP diagnosis. Moreover, the diagnosis should not be made on limited samples due
to overlapping features with low grade CCRCC with cystic degeneration.

The immunoprofile corresponds to that of CCRCC with more frequently pronounced
CK7 positivity (9). Again, alterations of VHL gene are commonly detected.

1.2.3 Renal papillary adenoma

Renal papillary adenoma is benign, unencapsulated, sharply demarcated tumour
composed of low grade cells arranged in papillary to tubulopapillary formations (morphology
typically described as type 1 PRCC in historical classification). By the definition, the
adenoma must measure up to 15 mm in the greatest dimension (2). Adenomas frequently arise
in the background of chronic kidney disease.

By immunohistochemistry tumours show positivity to AMACR, CK7 CDI10, and

vimentin. Adenomas often exhibit trisomy 7 and 17 together with loss of chromosome Y in
molecular-genetic testing (similar to the papillary carcinoma traditionally called as type 1).
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1.2.4 Papillary renal cell carcinoma

Papillary renal cell carcinoma (PRCC) is second most common type of renal
carcinoma accounting for 13-20% of kidney epithelial tumours (2). It represents well
demarcated, frequently encapsulated tumour with papillary to tubulopapillary architecture.
Neoplastic cells show a broad spectrum of morphology, ranging from bland-looking cells
with scant cytoplasm, trough cells with abundant clear cytoplasm to cells with voluminous
eosinophilic and/or vacuolated cytoplasm with variability of nuclear grades. Foamy
macrophages, haemorrhages, psammoma bodies, or extensive necrosis may be frequently
present. Traditional subdivision into type 1 and type 2 is no longer recommended. According
to the new approach (coming with a new “blue book” 2022), morphologic patterns of PRCC
should be distinguished, as it seems to better predict biological behaviour (11). Well
established morphologic variants of PRCC include for example: solid/pseudosolid PRCC
(with collapsed, densely packed papillae/tubules with pseudosolid appearance of the tumorous
mass) (12), Warthin-like PRCC (with extensive inflammatory infiltrates within papillary
cores) (13), biphasic squamoid alveolar PRCC (with two populations of cells and
empheripolesis) (14), or PRCC with clear cells.

Recently described entity of PRCC with reverse polarity/papillary renal cell neoplasm
with reverse polarity is composed of oncocytic/eosinophilic cells with regular round to oval
nuclei arranged in a linear fashion away (elevated) from basement membrane (15). This
tumour has characteristic immunoprofile, including positive staining for GATA3, AMACR
and negative staining for vimentin, CAIX. KRAS mutation is frequent event in PRCC with
reverse polarity /papillary renal neoplasm with reverse polarity (16). Designation/subtype of
“oncocytic PRCC” is no longer applied (2).

Immunohistochemistry of PRCCs shows constant positivity for racemase (AMACR),
regardless of morphologic pattern, frequent positivity for vimentin and CD10. CK7 positivity
depends on tumour cell type - it is less frequently expressed in tumours composed of
eosinophilic cells.

Molecular-genetic background of PRCC varies. However, gains of chromosomes 7
and 17, and loss of the Y chromosome (in male patients) together with MET gene mutations
are described as the most common alterations.

1.2.5 Oncocytoma of the kidney

Renal oncocytoma (RO) represents a benign neoplasm. It accounts for 6-9% of renal
neoplasms (2). Tumour is typically well demarcated, encapsulated, composed of solid nests of
cells. Neoplastic cells exhibit characteristic cytoplasmic eosinophilic granularity, reflecting
high condensation of mitochondria. Nuclei are uniform, round with visible nucleolus. Nests of
cells are frequently embedded in loose stroma, macroscopically creating the central scar.
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Other architectural patterns include microcystic, macrocystic, and small cell composed of
oncoblasts-like cells with scant cytoplasm arranged in rosette-like formations (10, 11). Areas
of cells with hyperchromatic, smudged nuclei, and so-called ancient like atypias may by
focally present. Perinuclear halos, mitoses, nuclear irregularities, necrosis or true papillary
formation are not consistent with the diagnosis of RO (12, 13).

Immunohistochemical profile consists of CD 117, and cytokeratin (AEI/AE3
positivity. CK7 and vimentin are typically negative or limited to scattered cells (usually to
areas of scarring, where both markers tend to be more accentuated) (17).

Molecularly RO exhibits either normal karyotype or alterations including loss of
chromosome 1 (whole chromosome or deletion 1p36), 14, or gonosomes (X/Y) or 11ql3
rearrangement (affecting CCND1gene) (18).

1.2.6 Chromophobe renal cell carcinoma

Chromophobe renal cell carcinoma (ChRCC) represents third most common RCC,
accounting for 5 - 7% renal epithelial tumours (2). Tumours are usually well demarcated,
unencapsulated with solid-alveolar growth pattern. Chromophobe RCCs are typically
composed of two populations of cells: large, “plant like” cells with pale, voluminous
cytoplasm and smaller cells, with eosinophilic cytoplasm. Characteristic cytology of the
neoplastic cells shows wrinkled “rasinoid” nuclei with perinuclear halos and often
binucleation. Variable architectural patterns have been described, including cystic,
adenomatoid, pigmented or papillary (19-21). True neuroendocrine differentiation with
positive neuroendocrine markers as well as ChRCC with neuroendocrine-like features or
ChRCC with small cells (22, 23) were also reported. Eosinophilic ChRCC is defined by
predominance (according to some authors pure presence) of the smaller eosinophilic cells.

Immunohistochemistry shows positivity for CD 117 and CK 7 in majority of cases.
However expression of CK 7 varies from diffuse to completely negative (with negative CK7
staining frequently in eosinophilic subtype ChRCC). Staining for vimentin typically shows
negative results.

Chromophobe RCC is characterised by multiple chromosomal loses, most commonly
involving chromosomes 1, 2, 17, 6, 10, 13, 21 as well as multiple gains (heterogeneous
numerical chromosomal aberration profile). Moreover, ChRCC may exhibit mutations in
different genes - the most frequently affected genes include 7P53, PTEN, TERT, and FOXII.
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1.2.7 Collecting duct carcinoma

Collecting duct carcinoma (CDC) is diagnosis per exclusion. It is typically high grade,
high stage carcinoma accounting less than 1% of renal cancers. Collecting duct carcinoma is
typically medullary based, and characterised by tubulary to tubulopapillary architecture with
infiltrating growth pattern and extensive desmoplastic stromal reaction. Coexistence of any
component of “classic” RCC or urothelial carcinoma excludes the diagnosis of CDC.

Immunohistochemistry shows positivity for HMWCK, CK7, and PAXS. Expression of
FH and SMARCBI (INI1) are retained. There are no known specific molecular alterations.

1.2.8 Mucinous tubular and spindle cell carcinoma

Mucinous tubular and spindle cell renal cell carcinoma (MTSCRCC) is rare neoplasm
accounting for less than 1% renal tumours (2). It represents morphologically biphasic tumour
composed of anastomosing, elongated tubules lined by bland cells admixed with low grade
spindle cells areas, both often set in myxoid stroma with extracellular mucin. Extent of each
component varies. Collections of foamy macrophages may occur. The presence of frequent
collections of foamy macrophages and areas with papillary architecture represent overlapping
morphology with PRCC and favour the diagnosis PRCC.

By immunohistochemistry, MTSCRCC shows positivity in CK7, AMACR, and
PAXS. Positivity to CD10 is infrequent.

Molecular findings reveal multiple chromosomal losses involving chromosomes 1, 4,
6, 8,9, 13, 14, 15, 22 and VSTM2A RNA expression.

1.2.9 Tubulocystic renal cell carcinoma

Tubulocystic renal cell carcinoma (TCRCC) is rare tumour again, it accounts for less
than 1% of kidney neoplasms (2). Tubulocystic RCC is well demarcated, typically with
sponge-like appearance on the cross section reflecting exclusive tubulocystic architecture with
variably sized cysts. Cells type range from flat to hobnail, with intermediate to large nuclei
and striking nucleoli.

Immunohistochemistry shows reactivity for AMACR, CK7, CD10 and vimentin.
Tumour has retained expression of FH stain.
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Results of molecular studies vary. It most commonly exhibits gain of chromosome 17
and losses of chromosomes 9 and Y as well as mutations affecting genes ABLI, PDGFRA,
KMT2C, KDMS5C.

1.2.10 Acquired cystic disease-associated renal cell carcinoma

Acquired cystic disease-associated RCC is neoplasm occurring only in a setting of
acquired cystic disease, in patients with the history of long-term hemodialysis. Tumours show
varied architectural patterns, with sieve-like appearance as the most characteristic together
with oxalate crystal depositions. Cells show voluminous, eosinophilic cytoplasm.

Immunohistochemical profile and molecular features are not specific.

1.2.11 Renal cell carcinoma NOS

Group of high grade renal cancers, including sarcomatoid carcinoma, with no
morphologic features of any of well-established entities. It is more a tumour management
category rather than proper entity. Logically, category has no specific immunoprofile or
molecular findings.

1.2.12 TFE3-rearranged renal cell carcinomas

TFE3-rearranged renal cell carcinomas (TFE3 RCC) is molecularly defined RCC
characterised by gene fusions involving TFE3 gene (located on chromosome Xp11.23) with
the wide spectrum of different fusion partners. A various fusion partners of 7FE3 gene result
in a broad morphology spectrum ranging from low grade to high grade tumours. The classic

description includes papillary architecture with voluminous cells and deposits of psammoma
bodies.

TFE3 RCCs show diffuse, strong, nuclear positivity for TFE3 immunohistochemistry
(however, TFE3 immunostaining is not reliable, the reactivity is significantly affected by
fixation of the material). Expression of melanocytic markers may be occasionally present.
Epithelioid markers are underexpressed, PAX 8 reactivity is retained.

The most common fusion partners of TFE3 gene are PRCC, ASPSCRI and SFPQ.
Other partners include NONO (P54NRB), RBM10, MED15, CLTC, DVL2, PARP14, KAT6A,
NEATI, MATR3, FUBPI, and EWSRI. Of note, TFE3 break-apart FISH may show negative
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results in cases of intrachromosomal translocations (RBMI10::TFE3, GRIPAPI:.TFE3,
RBMX::TFE3, and NONO::TFE3).

1.2.13 TFEB-rearranged renal cell carcinomas

TFEB-rearranged renal cell carcinomas are part of the molecularly defined group of
RCCs. Tumours harbour fusions or amplifications involving the gene encoding TFEB
transcription factor on the 6p21 locus - two different entities are recognised in TFEB-
rearranged category. TFEB-translocation RCC (in its “classic”/typically described
morphology) shows a biphasic pattern with nests of large cells and second population of small
cells surrounding basement membrane-like material (rosette formation). 7FEB-amplified
RCCs show a broad spectrum of morphology, frequently with papillary architecture and high
grade oncocytic cells. However, the morphology of both subtypes TFEB-rearranged renal cell
carcinomas vary significantly.

TFEB rearranged RCCs underexpress epithelial markers, typically with retained
positivity for PAX8. Tumours consistently show reactivity for melanocytic markers and
Cathepsin K, as well as TFEB immunohistochemistry. All above mentioned stains are less
consistent in 7FEB amplified RCC.

TFEB translocation and amplification may be identified by break-apart FISH.
Assessment of variable fusion partners requires RNA sequencing.

1.2.14 Succinate dehydrogenase-deficient renal cell carcinoma (SDH-deficient RCC)

Succinate dehydrogenase-deficient RCC is group of neoplasm defined by loss of
SDHB staining by immunohistochemistry and presence of the SDH gene mutation (most
commonly SDHB, followed by SDHC, SDHA, and SDHD). Tumours are usually well
circumscribed and composed of solid nests of bland looking eosinophilic cells containing
characteristic cytoplasmatic inclusions. Entrapment of non-neoplastic renal tubules is often
seen on the periphery of the tumour. High grade transformation may occur.

True negative SDHB staining is defined as a loss of mitochondrial type positivity
(normally strong granular, cytoplasmic stain), the staining should be assessed in comparison
with the positive internal control in non-neoplastic kidney parenchyma. CD117 and CK 7
frequently show negative results.

Germline mutation in the SDH genes is defining molecular alteration.
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1.3 Major changes, new entities, emerging entities
1.3.1 Other oncocytic tumours

This new diagnostic category/group is reserved for indolent, eosinophilic/oncocytic
tumours that cannot be further classified either as RO or CHRCC or other well established
renal neoplasms. It was clarified that multiple bilateral tumours occurring in syndromic
setting (Birt—-Hogg—Dub¢ syndrome) with intermediate features between ChRCC and RO are
classified as “hybrid oncocytic tumour”. Solitary, non-syndromic counterparts without
necrosis, severe atypia and mitosis should be categorised as “oncocytic renal neoplasms of
low malignant potential NOS” according to the GUPS recommendation (3).

Two recently described entities with distinctive morphologic, immunohistochemical
and molecular features were included by WHO in “other oncocytic tumours” group (as an
emerging entities): low-grade oncocytic tumour (LOT) and eosinophilic vacuolated tumour
(EVT) (2). LOT is composed of compact nests of monotonous cells with eosinophilic
cytoplasm, regular round to oval nuclei, frequently accompanied by perinuclear halo. Areas of
abrupt transition to edematous stroma with elongated cells (with sometimes described myoid
shape) are frequently seen. Defining feature is CK7 diffuse positivity and CD117 negativity
(24-26). EVT features nest of cells showing voluminous, vacuolated eosinophilic cytoplasm
and high grade nuclei with prominent nucleoli. Focally, tubulocystic pattern may be seen.
Immunohistochemical profile varies, usually with positivity for CD117, CD10, Cathepsin K
reported as the most common. CK7 is negative or may show positivity limited to scattered
cells. Both tumours harbour mutations in the mTOR pathway genes (7SCI, TSC2,
MTOR)(27-30).

1.3.2 Clear cell papillary renal cell tumour (CCPRCT)

Entity was previously known as clear cell papillary renal cell carcinoma. This tumour
was “downgraded” and “renamed” to clear cell papillary renal cell tumour in current WHO
classification (2) as evidence proved its indolent behaviour. Lesion may demonstrate variable
architectural patterns from papillary, tubulopapillary and nested formations up to almost
entirely cystic lesion. It is characterised by low grade morphology and cells with clear
cytoplasm and nuclei arranged in linear fashion away from basement membrane (forming so-
called “shark smiles” and “piano keys”- typically described in literature (31, 32)). Tumours
may be associated with fibromyomatous stroma. Presence of high grade areas, necrosis,
regression, local invasion are excluding features for CCPRCT diagnosis. Due to overlapping
features with CCRCC, diagnosis should not be made on limited samples.

Tumour shows typical, diffuse positivity for CK 7 and “cup shaped” positivity for
CAIX. HMWCK and GATA3 may be also positive. Racemase (AMACR), CD10 exhibit
negative staining.
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No specific molecular alterations were described in this entity. However, due to
slightly overlapping features with CCRCC and other tumour with fibromyomatous stroma it is
important to mention, that CCPRCT lacks chromosome 3p loss and alterations of VHL, and
no mutations were reported in 7SC1, TSC2, MTOR, or ELOC (TCBE]) genes.

1.3.3 Eosinophilic solid and cystic renal cell carcinoma

Eosinophilic solid and cystic renal cell carcinoma (ESC RCC) was in the previous
WHO edition listed as an emerging entity (33). Thanks to growing evidence it gained a formal
position in current WHO “blue book™ as a separate entity (2). Tumour most often exhibits
solid-cystic to solid architecture. It is composed of large, polygonal, eosinophilic cells with
basophilic cytoplasmatic stripping sometimes likened to “leishmania-like” bodies. Cysts are
covered by a single layer of hobnail to multinucleated cells. Foamy macrophages,
psammomatous calcifications may be found.

Tumour usually express characteristic CK20 positivity with variable extent (diffuse,
focally, single dispersed cells), however, negative staining may be seen in significant
proportion of cases. Cathepsin K shows similar results. Vimentin is positive. CK7, CD117 are
generally negative. Occasionally, melanocytic markers may exhibit positive reaction.

Mutations in the 7SCI or TSC2 genes are commonly demonstrated molecular
alteration.

1.3.4 ELOC (formerly TCEB1)-mutated renal cell carcinoma

ELOC-mutated RCC is molecularly defined RCCs, harbouring mutations in the ELOC
(TCEBI) gene at 8q21.11 (2). Tumour is composed of clear, voluminous cells arranged in
branching tubules and/or true papillary formations, set in the background of striking
fibromuscular stroma.

Tumour reveals constant, patchy to diffuse reactivity with CK7 along with “box-like”

CAIX and CD10. HMWCK appears to be negative. Prove of ELOC mutation is required for
diagnosis this neoplasm.

1.3.5 Fumarate hydratase-deficient renal cell carcinoma (FH-deficient RCC)

Fumarate hydratase-deficient RCC is molecularly defined entity with
germline/somatic mutation of FH and exhibiting loss of staining for FH by
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immunohistochemistry. In 4th WHO edition (from year 2016), it was designated as hereditary
leiomyomatosis and renal cell carcinoma (HLRCC) syndrome—associated renal cell
carcinoma (33). Due to frequently unknown clinical context/unknown germline mutation
status, the renaming for FH—deficient RCC appears to be more reasonable. The tumour is
well-known for multiple architectural patterns within one tumour mass (intratumoral
heterogeneity). Cells with prominent inclusion-like nucleoli are usually found at least focally.
The high grade morphology is most frequently seen, however low grade spectrum was also
described in this tumour.

Besides negative immunohistochemical reactivity for FH, positive staining for 2SC is
also typical.

Inactivating mutation of FH gene (germline or somatic) is defining molecular
alteration in this entity.

1.3.6 ALK-rearranged renal cell carcinomas

ALK-rearranged RCC is included in molecularly defined category of renal tumours,
harbouring fusions involving the gene encoding anaplastic lymphoma kinase (4LK) at
chromosome 2p23 (2). Tumour is composed of voluminous eosinophilic cells with
intracytoplasmatic vacuolization. Architecture and morphology of the tumour partially
depends on the fusion partners. Solid sheets of large, eosinophilic cells with cytoplasmatic
vacuolization surrounded by inflammatory rim characterises RCC with VCL::ALK gene
fusion (seen in patients with sickle cell trait). More heterogeneous morphology with papillary,
cribriform formations are seen in fusion partners like 7PM3, EML4, STRN, HOOKI.
Mucinous background is a commonly described feature. Morphologic variants mimicking
metanephic adenoma or mucinous tubular and spindle cell RCC have also been described
(34).

Immunohistochemistry reveals typical ALK positivity with concurrently retained
SMARCBI (INI1) expression.

1.3.7 SMARCB1-deficient renal medullary carcinoma

SMARCB1-deficient renal medullary carcinoma is a part of molecularly defined group
of RCC, entity featuring loss of SMARCBI1 (INI1) staining by immunohistochemistry and
occurring in patients with sickle cell trait. Morphology reveals highly infiltrative
nests/tubules/microcysts/cords of pleomorphic cells set in desmoplastic, myxomatous,
frequently inflamed stroma.

21



Immunohistochemical examination demonstrates reactivity for epithelial markers
(broad spectrum cytokeratins, EMA) and vimentin. Around 50% of cases show strong
positivity to OCT3/4.

Translocations or deletions leading to inactivation of the SMARCBI gene (at
22q11.23) are most common molecular alterations in this tumour.

22



Objectives of the work

1. To describe unusual and not so frequent morphologic pattern of PRCC — precisely
specified so called MESTK-like PRCC with its immunohistochemical, molecular
features and discuss differential diagnosis and impact on prognosis.

2. To describe the morphologic spectrum of ChRCCs, its immunohistochemical,
molecular features, discuss differential diagnoses, and impact on prognosis.

3. To describe new entities within recent WHO chapter “other oncocytic tumours”.
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3 Results

The results of the dissertation are presented by the seven original papers listed below.

3.1 Papillary renal cell carcinoma with prominent spindle cell stroma - tumor
mimicking mixed epithelial and stromal tumor of the kidney: Clinicopathologic,
morphologic, immunohistochemical and molecular genetic analysis of 6 cases.

Extensive studies on papillary renal cell carcinoma have resulted in report of multiple
morphologic variants of PRCC. We described a series of 6 PRCCs featuring prominent
spindle cell stroma, resembling stroma in mixed epithelial and stromal tumor of the kidney
(MESTK) or sarcomatoid RCC. Clinicopathologic, morphologic, immunohistochemical and
molecular features were analysed.

Clinical data, including follow up, were available for 4 patients. All patients were
male with age range 44 to 98 years. Follow up ranged from 3 to 96 months. Tumour size
ranged from 2.4-11.4 cm. Pathologic stage ranged from pT1 to pT3 and with one patient
presented initially with regional lymph node metastasis but no further information about the
clinical course of this patient provided. All tumours were well demarcated, with one
surrounded by a thick fibrous capsule. Cytologic features of the epithelial compartment
exhibited cuboidal to cylindrical cells with variable amount of pale to eosinophilic cytoplasm
and nuclei with low to high grade. Mitotic count was low, up to 5 mitoses/10 HPF. Necrosis
was present only focally. Most striking feature was an extensive stromal component with
variable cellular density, reminiscent of Miillerian type stroma. There was no atypia, necrosis
or mitotic figures. No mesenchymal heterogeneous elements were found.
Immunohistochemistry of epithelial component revealed positivity for CK7, AMACR,
vimentin and negative results for HMB45, TFE3. FH expression was retained. Stromal
component was positive for vimentin and actin S. CD34 positivity was limited to vessels wall.
Estrogen and progesterone receptors were negative in both components. In five analysable
cases, numerical chromosomal aberration pattern was either variable (with multiple
chromosomal gains and losses) or with no aberrations detectable. Polysomy of chromosomes
7 and 17 was detected, however not in a pattern considered typical for PRCC (i.e. trisomy or
polysomy of both chromosome 7 and 17). No other alterations described in PRCCs
(CDKN24, BAPI1, or MET gene abnormalities) were found. Differential diagnosis includes
mixed epithelial and stromal tumor of the kidney (MESTK), sarcomatoid RCC, group of
RCCs featuring fibroleiomyomatous stroma (ELOC (formerly TCEBI)-mutated RCC and
subset of RCCs associated with mutations in genes in the mTOR pathway) and clear cell
papillary RCT (formerly clear cell papillary RCC).

Based on this study, we concluded that PRCC with MESTK-like stroma is a rare,
distinctive variant of PRCC. Further investigations of morphology and underlying molecular
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alterations will help us properly categorize subgroups within PRCC and, hence, may result in
adequate clinical management and the development of more effective forms of the therapy.
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ARTICLE INFO ABSTRACT

Keywords: Papillary renal cell carcinoma (PRCC) is currently a well-studied type of RCC. In addition to PRCC type 1, there
Kidney are a number of other subtypes and variants of PRCCs which have been reported. We describe a series of 6 PRCCs
Papillary renal cell careinoma with papillary, micropapillary and/or tubulopapillary architecture and prominent spindle cell stroma, resem-
MESTK-like bling stroma in mixed epithelial and stromal tumor of the kidney (MESTK) or sarcomatoid RCC.

Sarcomatoid-like Clinicopathologic, morphologic, immunohistochemical and molecular features were analyzed.

All patients were males with an age range of 44-98 years (mean 65.3, median 65.5 years). Tumor size ranged
from 2.4-11.4 cm (mean 5.8, median 4.5 cm). Follow-up data were available for 4 patients, ranging from 3 to
96 months (mean 42.75, median 36 months). Epithelial cells were mostly cylindrical with eosinophilic cyto-
plasm, showing nuclear grade 2 and 3 (ISUP/WHO).

In all cases, loose to compact prominent stroma composed of spindle cells, without malignant mesenchymal
heterologous elements was detected. No atypical mitoses were found, while typical mitoses were rare in both
epithelial and stromal components.

Epithelial cells were positive for CK7, AMACR, and vimentin in all cases, while negative for TFE3, HMB45,
desmin, CD34, and actin. The stroma was positive for vimentin, actin and focally for CD34, while negative for
CK7, AMACR, TFE3, HMB45, and desmin. Estrogen and progesterone receptors were completely negative. FH
and SDHB expression was retained in all analyzable cases. Proliferative index was barely detectable in stromal
component and low in epithelial component, ranging 0 to 5% positive stained cells/high power field.

Copy number variation was variable with no distinct pattern. No mutations in CDKN2A, BAP1, MET were
detected.

PRCC with MESTK-like features is a distinct variant of PRCC mimicking MESTK. Our findings add to the body
of literature on ever expanding variants of PRCCs. Both epithelial and stromal components lacked true Miillerian
features, which was also proven by immunochistochemistry.

* Corresponding author at: Department of Pathology, Medical Faculty and Charles University Hospital Plzen, Alej Svobody 80, 304 60 Pilsen, Czech Republic.
E-mail address: hes@medima.cz (0. Hes).
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1. Introduction

Papillary renal cell carcinoma (PRCC) is the second most common
type of renal cell carcinoma. PRCC is traditionally classified according
to the 2016 World Health Organization (WHO) Classification of
Genitourinary Tumors into type 1 and type 2 [1]. However, studies
published recently have shown more evidence emphasizing hetero-
geneity within this group of tumors, particularly the so-called type 2.

A number of PRCC variants were described recently in the literature
such as oncocytic, solid, mucin secreting, biphasic squamoid,
Warthin-like, and PRCC with reverse polarity [2-8]. All these variants
are mostly defined by using morphologic and immunchistochemical
features and they are more close to (at least in part variant of) type 1
PRCC. However even at the molecular genetic level, there are sub-
stantial differences among tumors classified generally as PRCC. The so-
called type 2 PRCC seems to be rather composed of a group of tumors
sharing papillary architecture than a uniform and distinct entity.

In this study, we analyzed clinicopathologic, morphologic, im-
munohistochemical, and molecular features of 6 unusual PRCC with
papillary and/or tubulopapillary architecture and with prominent
spindle cell stroma resembling mixed epithelial and stromal tumor of
the kidney (MESTK).

2. Material and methods
2.1. Case selection and routine microscopy

Index case was sent to one of the authors (OH) for second opinion.
Later we searched several institutional archives for cases, using the key
words: renal cell, papillary, stroma-rich, sarcomatoid-like, MESTK-like,
and spindle cell. The final review and case selection for the study was
carried out by 2 pathologists (JR and OH) resulting in inclusion of 6
cases meeting the study criteria. Clinicopathologic and follow-up data
were collected using the available medical records from the partici-
pating institutions. The tissue was fixed in 4% formalin, embedded in
paraffin using routine procedures. 2 um thin sections were cut and
stained with hematoxylin and eosin.

2.2, Immunohistochemistry

All immunohistochemistry (IHC) stains except for PBRM1 were
performed in one laboratory (University Hospital Plzen), using a
Ventana Benchmark XT automated stainer (Ventana Medical System,
Inc., Tucson, AZ, USA). The following primary antibodies were used:
CK7 (OV-TL12/30, monoclonal, DakoCytomation, 1:200), CK20
(M7019, monoclonal, DakoCytomation, 1:100), alpha-methylacyl-CoA-
racemase (AMACR) (P504S, monoclonal, Zeta, Sierra Madre, CA, 1:50),
vimentin (D9, monoclonal, NeoMarkers, Westinghouse, CA, 1:1000),
Ki67 (MIB1, monoclonal, Dako, Glostrup, Denmark, 1:1000), anti-
melanosome (HMB45, monoclonal, DakoCytomation, 1:200), TFE3
(polyclonal, Abcam, Cambridge, UK, 1:100), desmin (D33, monoclonal,
DakoCytomation, 1:2500), actin S (1A4, Cell Marque, Rocklin, CA,
RTU), CD34 (QBEnd-10, monoclonal, Dako, 1:100) and fumarate hy-
dratase (J13, monoclonal, Santa Cruz, Dallas, TX, 1:3000). PBRM1 was
stained in the Pathology Department, University Hospital Erlangen,
Germany using a fully automated system (“Benchmark XT System”,
Ventana Medical Systems Inc., 1910 Innovation Park Drive, Tucson,
Arizona, USA) and a primary anti-PBRM1 monoclonal antibody re-
trieved from Atlas Antibodies AB, SE-168 69 Bromma, Sweden (clone
CLO331, dilution, 1: 50). The primary antibodies were visualized using
a supersensitive streptavidin-biotin-peroxidase complex (BioGenex).
Internal biotin was blocked by standard protocol used by Ventana
Benchmark XT automated stainer (hydrogen peroxide based).
Appropriate positive and negative controls were also used. The im-
munohistochemical evaluation was based on the staining percentage of
cells: focal positive < 50%, diffuse positive > 50%, negative (—) 0%.
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2.3. DNA extraction

Tumor areas of the formalin-fixed paraffin-embedded (FFPE) sam-
ples were determined using hematoxylin-eosin stained slides and macro
dissected. DNA from FFPE tumor tissue was extracted using
QIAsymphony DNA Mini Kit (Qiagen, Hilden, Germany) on an auto-
mated extraction system (QIAsymphony SP; Qiagen) according to
manufacturer's  supplementary  protocol for FFPE  samples.
Concentration and purity of isolated DNA were measured using
NanoDrop ND-1000 and DNA integrity was examined by amplification
of control genes in a multiplex polymerase chain reaction (PCR). Only
samples that were able to produce at least 400 bp long amplicons were
used for low pass whole genome sequencing.

2.4. Low pass whole genome sequencing

SurePlex DNA amplification system (Illumina, San Diego, CA) was
used to generate DNA template from tumor samples. Amplification is
highly representative, which makes the resulting product suitable for
copy number variation detection. The library of all samples was pre-
pared using Nextera DNA Sample Prep Kit (Illumina, San Diego, CA)
and was sequenced on MiSeq sequencer, copy-number variant analysis
was performed using BlueFuse Multi software with the Veriseq plugin
(Illumina, San Diego, CA). Following quality control filters for valid
samples were set: minimum 1 million reads per sample, average quality
score and average alignment score > 30, and overall noise < 0,3.
Thresholds for CNV calling were set based on a group of samples with
known CNVs, that were validated using array CGH and fluorescence in-
situ hybridization. The percentage of tumor in the DNA sample was
considered, when calling the lower frequency CNVs and thresholds for
CNVs were set individually for each case typically the copy number was
1.5 for loss and 2.5 for gain. CNVs spanning less than the whole length
of a chromosome arm were not called. Selected CNVs were confirmed
by FISH as described previously [9]. The more complex changes are
written out in the table description. Gonosomes were excluded from the
analysis. CNV detection using low pass whole genome sequencing was
proven to produce similar results as in fresh frozen tissue [10].

2.5. Targeted sequencing

The DNA part of TruSight Tumor 170 kit (Illumina) was used to
analyze DNA mutations in CDKN2A, BAP1, and MET genes. The quality
control (QC) of the input DNA was performed using Infinium HD FFPE
QC Kit (Illumina), only samples with a Ct value <5 were used for
analysis. Library preparation was performed according to manufac-
turer's instructions and the libraries were sequenced on NextSeq 500.
The quality of resulting data was controlled for median insert size
(larger than 79 base pairs) and the percentage of bases, covered >
100 x had to be at least 95%. Additionally, regions of interest were
checked for minimal coverage of 100 x. The variants were called using
dedicated app for TruSight Tumor 170 kit, and then annotated and
filtered using Variant Interpreter both on Illumina's cloud portal
Basespace. The filters kept only non-synonymous variants that passed
variant QC, had allelic frequency > 0.05, and had population frequency
from ExAC database < 0.01. The remaining subset of variants was
checked visually, and suspected artefactual variants were excluded.

3. Results

Six patients were included in this study. Detailed clinical data with
follow up were available for 4 patients (Table 1). All patients were male
with age range 44 to 98 years (mean 65.3, median 65.5 years). Tumor
size ranged from 2.4-11.4 cm (mean 5.8 median 4.5 em). Pathologic
stage was pT1 in 3 cases (case 1, 5, and 6), pT2in 1 (case 4), and pT3 in
2 cases (case 2 and 3). One patient initially presented with regional
lymph node metastasis (case 4). Unfortunately, no further information

27



J. Rogala, et al.

Table 1
Clinicopathological data.
Case no. Sex Age (vears) Tumor size- Stage Grade F/Utime F/U
diameter (months)
(cm)
1 M 72 29 pTla 2 12 AD*
2 M 44 6 pT3,No 2 96 AWD
3 M 98 9 pT3 3 LE LE
4 M 47 11.4 pT2, N1 3 LE LE
5 M 59 2.4 pTla 2 60 AWD
6 M 72 3 pTla 2 3 AWD

M, Male; Grade, according to the WHO/ISUP grading system; F/U, follow up;
LE, Lost of evidence; AWD, Alive without evidence of disease; AD, Alive with
disease; p TNM according to the 8th Edition, AJCC Staging Manual 2017.

# Uncertain findings by ultrasonography-suspect recurrence.

about clinical course was available for this particular patient.

Follow up data were available (for 4 patients), ranging from 3 to
96 months (mean 42.75, median 36 months). No records concerning
aggressive behavior were found in 3 patients (case 2, 5 and 6). In one
patient (case 1) ultrasonographic examination revealed suspicious re-
sidual lesion in the area of previous surgery. However, no biopsy was
performed to further verify this finding.

Main morphologic characteristics are summarized in Table 2. All
tumors were well demarcated, with one tumor demonstrating thick fi-
brous pseudocapsule (case 5). In two cases (case 2 and 3) renal sinus fat
involvement by the tumor was documented. In 1 case (Case 3) lym-
phovascular invasion was also noted. The architecture was papillary
and tubulopapillary (Fig. 1A +B). Micropapillation was detected in 5/6
cases (at least focally) (Fig. 2). However, true prominent micropapillae
were not recognized. Papillae were lined by cuboidal to cylindrical
neoplastic cells, with variable amount of eosinophilic cytoplasm
(Fig. 3). Case 4 showed mostly pale cytoplasm, however no typical clear
cell areas were identified. Nuclear grade was 2 in four cases (cases 1, 2,
5 and 6), while the remaining two cases showed grade 3 (case 3 and 4),
according to Fuhrman (ISUP/WHO modification).

Necrosis in epithelial component was present in 2 cases (case 4 and
5). Mitotic activity was relatively low: no mitoses were found in 2 cases
(case 2 and 5), 1 mitosis/10 HPF in 1 case (case 1) and up to 5 mitoses/
10 HPF in 2 cases (case 3 and 4). No atypical mitotic figures were noted.
Stroma was composed of uniform spindle cells resembling those of the
Miillerian type stroma. The density of the spindle cell elements was
variable, ranging from weak to dense (Fig. 4A +B). No smooth muscle
differentiation was found. Foamy macrophages and psammoma bodies
were present in all but one case (case 2). No necrosis or mesenchymal
heterologous elements were found. Mitotic activity was absent.

Results of immunchistochemical examination are summarized in
Tables 3A and 3B, separately for epithelial and stromal component. All
tumors showed uniform strong and diffuse positivity for CK7, AMACR,
and vimentin in the epithelial component (Fig. 5A+B). HMB45, TFE3,
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desmin, CD34, and actin were negative in the epithelial cells. Fumarate
hydratase (FH) staining was retained in all cases. PBRM1 was positive
(retained) in 5/6 cases (Fig. 6). In one case, both epithelial and stromal
components were negative, as well as adjacent non-neoplastic tissues.
This case was interpreted as non-analyzable. Stromal component was
invariably positive for actin and vimentin. CD34 was positive in vessel
wall within the stromal component, while stromal cells were negative.
Estrogen and progesterone receptors were negative in both epithelial
and stromal components. The Ki67 proliferation index was low in epi-
thelial component and nearly absent in stromal component.

Numerical chromosomal aberration pattern of the analyzed cases is
summarized in Table 4. Five cases were analyzable, copy number var-
iation pattern was variable (multiple gains and losses of whole chro-
mosomes or chromosomal arms were detected). In one case (case 4)
multiple losses and gains were detected. Gain of chromosome 12 and
loss of chromosome 18 were documented in 1 case (case 2). Multiple
losses were documented in 1 case (case 5). One case had no detectable
chromosomal numerical aberrations (case 1). No CDKN2A, BAPI, or
MET gene abnormalities were found (Table 4).

4. Discussion

PRCC is a group of kidney tumors characterized mostly by papillary
and/or tubulopapillary architecture. Type 1 PRCC is considered to re-
present a distinet entity with uniform characteristic morphologic, im-
munochistochemical, and molecular genetic features. The so-called type
2 is defined according to the WHO 2016 by presence of epithelial cells
with abundant eosinophilic cytoplasm, high nuclear grade and nuclear
pseudostratification [1]. However, immunohistochemical profile of so-
called type 2 is rather variable as well as the molecular genetic profile.
In fact, recent studies have shown that the so-called type 2 PRCC re-
presents several distinct variants or subtypes of RCC sharing pre-
dominantly a papillary pattern [11,12].

Several studies describing unusual morphologic forms of PRCC, to-
gether with immunohistochemical and genetic profiles have been re-
cently published in the literature. Such tumors significantly differ from
type 1 and type 2 PRCC. The most frequently discussed variant is on-
cocytic PRCC (OPRCC), which is one of the provisional entities in the
latest WHO classification [1]. OPRCC is relatively poorly understood
entity without a precise or reproducible definiton. In addition to
OPRCC, a number of other PRCC variants have been documented, in-
cluding Warthin-like PRCC, solid PRCC, biphasic squamoid PRCC,
“mucin” secreting PRCC, PRCCs with clear cells, and papillary renal
neoplasm with reverse polarity [3,5-8,13,14]. Immunohistochemical
profile and molecular genetic features of above-mentioned variants of
PRCC are variable and mostly are not consistent with type 1 or type 2
PRCC. Such variants represent a highly heterogeneous group of tumors,
which share papillary or tubulopapillary architecture. Cytological fea-
tures are different as well as immunohistochemical profile. Further, it is
now evident that previous known historic “landmark” of chromosomal

Table 2

Morphological data.
Case ISUP Architectural Foamy Psammoma Necrosis (d) Capsule Stromal Type of epithelial Mitoses Mitoses

grade pattern (a) macrophages (b) bodies (c) cellularity (e) cells () stroma epithelium

1 2 P + + - - + Cb 1/10HFF 1/10 HPF
2 2 P + - - - + 4 cb - -
3 3 T-P + 4+ + ++ - + 4+ Ccl - 5/10 HPF
4 3 T-P ++ + + +F - ++ Cl - 5/10HFF
5 2 P ++ + + + + cl - -
6 2 P + - +F + + Ccl - 1/10HFF

a) architectural pattern: P-papillary, T-P -tubulo-papillary; b) foamy macrophages were assessed as absent (—), sparse (+ ), moderate ( + + ), prominent (+ + +), ¢)
psammoma bodies were assessed as absent { —), sparse (+ ), moderate (+ +), prominent (+ + +); d) necrosis was assessed as + (present), — (absent) F- focal; e)
stromal cellularity was assessed as: sparse (+), moderate ( + + ), prominent (+ + +); f) type of epithelial cells lining papillae were assessed as Cl- columnar, Cb-

cuboidal; HPF high power field, absent mitoses (—).
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Fig. 2. Micropapillation was at least focally detected in majority of cases. No
true prominent micropapillary areas were found.

Fig. 3. Papillae or tubules were lined by cuboidal to cylindrical cells with
variable amount of eosinophilic cytoplasm.

copy number variation pattern for PRCC - trisomy/polysomy of chro-
mosomes 7 and 17 - is not a consistent finding in the ever expanding
heterogeneous “PRCC” group [15]. In fact, it is not surprising that
within such a heterogeneous group of tumors, all being lumped under
the PRCC diagnostic umbrella, new variants/subtypes are still emer-
ging.

Miillerian type stroma is a feature typically found in mixed epi-
thelial and stromal tumor of the kidney (MESTK) [1,16-18]. Less pro-
minent Miillerian type stroma is seen in subepithelial zones of cysts
within so-called angiomyolipoma with epithelial cyst (AMLEC) [19].
Miillerian stroma is characterized by a loose to dense population of
bland spindle cells, which immunohistochemically express estrogen
and/or progesterone receptors. Similar type of stroma can also be found
in other extra-renal tumors such as mucinous cystic neoplasm of the
pancreas and mucinous cystadenoma of the liver [20]. Focal luteini-
zation and corpus albicans-like changes may be seen, regardless of the
tumor location, as a reactive change secondary to damaged stroma
[21].

Tumors in our series are distinct owing to the architecture and the
presence of prominent stroma resembling Miillerian type stroma.
However, in a closer look, stroma in our cases differs in many aspects
from stroma known as Miillerian type stroma. The stromal component
in our cases was rather cellular despite the fact that it was slightly
variable between the cases (dense to loose cellularity), but overall
showed low grade morphologic features and was relatively uniform. No
conspicuous mitotic activity, necrosis, or sarcomatous differentiation
was documented. Also, epithelial component lacked features typically
seen in MESTK. The neoplastic cells were relatively uniform, cuboidal
to cylindrical. No intracytoplasmic vacuoles or ciliated epithelium were
identified within our series. There were no true Miillerian structures
(within stromal and epithelial component), which was further sup-
ported by immunohistochemistry.

i

-

Fig. 4. Stroma was composed of uniform spindle cells resembling those in Miillerian type of stroma (panel A). Density of spindle cell elements was variable, ranged

from weak to dense. Panel B shows weakly cellular parts of stroma.
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Table 3A
Results of immunchistochemical examination-epithelial component.
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Case CK7 AMACR vim TFE3 HMB45

Desmin

CD34 Ki67 Actin FH ER FR PEMR1
1 +++ ++++ +++ - - - - 2-4,/HPF - ret - - ret
2 + 4+ +++ +++ - - - - 0-2/HPF - Tet - - ret
3 + + /foc + + + +++ +++ - - - - 4-8/HPF = et - - ret
4 ++ +++ ++ - - - - 0-1/HPF - ret - - ret
5 + 4+ + 4+ + 4+ - - - - 4-7 /HPF - et - - NA
6 ++ + ++ + ++ + - - - - 0-4/HFF - ret - - ret

Abbreviations: foc, focally positive; ret, expression retained; + weakly positive, + + moderately positive, + + + strongly positive; vim, vimentin; FH, fumarate
hydratase; ER, estrogen receptor; PR, progesterone receptor; NA, not analyzable; HPF, High Power Field.

Table 3B
Results of immunohistochemical examination-stromal component.

Case CK7 AMACR vim TFE3 HMB45

desmin

CD34 Ki67 Actin FH ER PR PEMR1
1 - - foc ++ +* - - - foc + ++* 0-1/HPF + + et - - ret
2 - - foc + 4+ +° - - - foc + ++* 0-1/HPF + + ret - - ret
3 +++ - - - foc + ++* 0-2/HPF +++ ret - - ret
4 - - + +/foc ++ +* - - - foc + + +* 0-1/HPF +++ et - - ret
5 - - foc +++* - - - foc + ++* 0-1/HPF +++ ret - - NA
6 - - foc + + - - - foc +++* 0 +++ ret - - ret

Abbreviations: foc, focally positive; ret.,, + weakly positive, + + moderately positive, + + + strongly positive, ret expression retained, vim vimentin, FH fumarate
hydratase, ER estrogen receptor, PR progesterone receptor, NA not analyzable, HPF, High Power Field.

# Vessels.

Fig. 6. Immunoreactivity for PBMR1 was retained in all analyzable cases.

Immunohistochemical profile of tumors in current series did not
substantially differ (despite heterogeneity of PRCC as a group) from
majority of PRCC variants. Co-expression of AMACR, CK7, and vi-
mentin is considered as a relatively characteristic immunoprofile for
PRCC. Immunohistochemical examination failed to confirm estrogen or
progesterone receptor positivity both within stromal and epithelial
components.

Morphologic features along with immunohistochemical profile
strongly suggest the diagnosis of an unusual variant of PRCC.

At molecular genetic level, we were able to successfully analyze

Table 4
Summary of genetic analyses.

Case  Gains (chromosome)  Losses (chromosome) CDKN2A, BAP1, MET

mutations
1 None None Negative
2 12 18 Negative
3 16 None Negative
4 1q,3q,12,17 1p,2q,3p, 9, Negative
11,13,21,22
5 None 6,9p,15q,22 Negative
6 NP NP Negative

Abbreviation: NP, not performed.

CNV pattern in 5/6 cases. CNV pattern was rather variable with mul-
tiple losses and gains. Polysomy of chromosomes 7 and 17 was de-
tected, however not in a “characteristic” combination (i.e. trisomy or
polysomy of both chromosome 7 and 17) seen in type 1 PRCC. This
further supports the fact that trisomy/polysomy of chromosomes 7 and
17 is not a constant genetic feature in majority of PRCC subtypes
[12,15].

Recent molecular studies confirmed that type 1 PRCC is a distinct
entity, while type 2 PRCC is rather a heterogeneous group of renal
tumors with predominantly papillary architecture. Type 1 PRCC is
characterized by altered MET gene or increased chromosome 7 and 17
copy number. The Cancer Genomic Atlas Network study on the so-
called type 2, and a group of unclassified PRCCs showed a hetero-
geneous genetic profile in 3 clusters: 1) CDKN2A altered PRCCs, 2)
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SETD2, BAP1 and PBRMI mutated PRCCs, and 3) CpG Island
Methylator Phenotype associated tumors [11,22].

We analyzed CDEN2A, BAP1, MET genes in this study, and no
mutations were found in our cases. It should be noted that the above-
listed molecular classification has not been fully validated, and as such
it seems that our tumors were not entirely compatible with at least 2
proposed groups. PBRMI1 was analyzed using immunohistochemistry.
All analyzable cases (5/6) showed retained expression which is a strong
surrogate for absence of inactivating or truncating PBRMI1 mutations.
This suggests that it is unlikely that MESTK-like PRCC belongs to BAPI
and PBRMI mutated PRCC subgroup proposed by Saleeb et al. [11].

From differential diagnostic point of view (Table 5), sarcomatoid
differentiation within RCC should be taken into consideration.

“Sarcomatoid RCC” could be a diagnostic pitfall particularly on
limited material, however clinical presentation and imaging studies
may assist in resolving the matter. Patients with sarcomatoid RCC often
present at an advanced stage with large tumor with infiltrative borders
and necrosis. Morphologically, growth pattern is usually mosaic of
original epithelial RCC component and solid sarcomatoid areas. Mitotic
activity is usually brisk with atypical mitotic figures, as well as pro-
minent necrotic foci. Heterologous mesenchymal neoplastic elements
such as differentiation toward osteosarcoma, chondrosarcoma or other
types of sarcomas can also be found [26]. Immunohistochemically,
positivity of sarcomatoid spindle cell component for keratin cocktail
AE1/AE3 or OSCAR, Cam5.2 or EMA can vary from focal to diffuse.
Adequate sampling and basic immunohistochemical examination
usually help to resolve the problematic differential diagnosis. The so-
called RCC with prominent leiomyomatous stroma and/or RCC with
TFEB1 mutation should also be considered in the differential diagnosis,
given prominent voluminous stroma an essential part of morphologic
picture of such tumors [23-25]. However, the stromal component is less
cellular in these tumors, compared to our cases. Moreover, stroma in
RCC with prominent leiomyomatous stroma and/or RCC with TFEBI
mutation is voluminous and rather fibroleiomyomatous, frequently
with conspicuous leiomyomatous component. The architectural pattern
in our cases is much complex. Further, the epithelial component of both
RCC with prominent leiomyomatous stroma and TFEBImutated RCC is
nearly identical to low-grade clear cell RCC (arranged in nested/tubular
pattern with clear voluminous cytoplasm) [23-25]. Papillary pattern is
not documented in these RCCs. Low-grade spindle cell elements were
described within clear cell RCC. However these cells were obviously
epithelial origin and they did not represent stromal component [26].
Clear cell papillary RCC is another RCC with more or less prominent
fibroleiomyomatous stroma that can enter into the differential diag-
nosis. Clear cell papillary RCC was first described as renal angioleio-
myomatous tumor (RAT), owing to the presence of prominent leio-
myomatous stroma, bland epithelial component and benign clinical
course [27-28]. Subsequently, discussion about the relation of RAT and
clear cell papillary renal cell carcinoma were held, which led to reserve
the term RAT for cases with significant amount of stroma, while clear
cell papillary RCC for cases with less prominent stroma [29]. Finally,
both subtypes (stroma rich and cases with less prominent stroma) were
proposed to be unified under —the term clear cell papillary RCC [1,30].
Stroma in clear cell papillary RCC is different in many aspects from the
cases described herein. In clear cell papillary RCC, the stroma is mostly
leiomyomatous, less cellular, and mostly without conspicuous spindle
cell population. Further, the epithelial component of clear cell papillary
RCC is different from our cases. Clear cell papillary RCC is composed of
clear cell elements, different from pale eosinophilic cells in our tumors.
Moreover, epithelial cells are arranged mostly in tubulopapillary pat-
tern, wrapped in a delicate capillary network [30,31]. No capillary
network around tubulary or tubulopapillary structures was noted, no
elongated tubulary spaces (so-called “shark™ smiles) or epithelial lining
with nuclei orientated away from the basement membrane (so-called”
piano keys”) were noticed in any case in the current series. All such
features are typical but not specific for clear cell papillary RCC.

Biological
behavior
Malignant
Indolent
Malignant
Indolent
Indolent
Indolent
Malignant,
aggressive
Indolent

abnormalities Chr.7, 17 gain-
Possible mutation in TSC 1/
Mutations in TCEB] gene, lack
of VHL gene abnormalities

TSC 2
Mutation/LOH of FH gene

Molecular genetic features

No specific alteration

Lack of VHL gene

abnormalities

CANH 9, vim (+); CK 7, AMACR, CD10  Lack of VHL gene

wvariable( +)

wvariable

Variable
Variable

Immunohistochemistry

Variable cytokeratin positivity

CK 7, CANH 9 (cup shaped pattern) (+);
CD10, AMACR (-)

ER, PR,CD10, HMB-45, Melan-A( +)
CANH 9(+), CK7 freq(+)

CK7, AMACR, vim (+)

ER, PR (-)
FH (=), 25C (=)

ER, PR (+)
CK7 (=)

Malignant, high grade spindle cells, possible
heterogeneous mesenchymal differentiation
Leiomyomatous and true Miillerian stroma

Fibroleiomyomatous and true Miillerian

stroma
Fibroleiomyomatous

Fibroleiomyomatous
Leiomyomatous
Fibromuscular

Stroma
Eosinophilic cytoplasm, high grade CMV  Fibrous, hyalinized

eosinophilic cytoplasm (if any epithelial
inclusion-like deep red nucleoli

elements present)
Low-grade epithelial cells with clear

Low-grade epithelial cells with clear
cytoplasm

Low-grade epithelial cells with clear
cytoplasm

High-grade epithelial cells with clear to
cytoplasm

Flat, hobnailed, cuboidal, columnar,

Low to high grade, clear to eosinophilic
urothelial-like, clear cell

cytoplasm

Epithelial component
Benign/entrapped epithelium

Architecture
P/T-P

T-C/S
Variable
P/T-P

N/T

P/TP, variable
5/T

TC/S

leiomyomatous stroma

PRCC with MESTK-like stroma

MESTK

Sarcomatoid RCC

Clear cell papillary RCC

RCC with prominent

AMLEC

FH deficient RCC

TCEB1 mutated renal cell
carcinoma

Abbreviations: RCC, renal cell carcinoma; PRCC, papillary renal cell carcinoma; MESTK, mixed epithelial and stromal tumor; AMLEC, angiomyolipoma with epithelioid cyst; FH, fumarate hydratase; P-papillary; T-P,

Tubulo-papillary; T-C, Tubulo-cystic; N, Nested; S, Solid; T, Tubular; ER estrogen receptor, PR progesterone receptor, CANH9, carbonic anhydrase 9; +, positive; —, negative; freq, frequently.

Differential diagnosis.

Table 5
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In summary, we described a series of 6 distinct and uniform PRCCs
with MESTK-like stroma. Further investigations of morphology and
underlying molecular alterations will help us properly categorize sub-
groups within PRCC and, hence, may result in adequate clinical man-
agement and the development of more effective forms of therapy.
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3.2 Renal cell carcinomas with tubulopapillary architecture and oncocytic cells:
Molecular analysis of 39 difficult tumors to classify.

“Oncocytic” papillary renal cell carcinomas are a poorly defined group of neoplasms.
Variable published studies about “oncocytic” PRCCs revealed conflicting results. Previous,
4th edition of WHO classification, mentioned oncocytic papillary renal cell carcinoma
(OPRCC) as a “third type” of PRCC. However, it became apparent that some of defining
morphologic and immunohistochemical properties described in WHO 2016 follow description
of recently published PRCC with reverse polarity. Even on the basis of our work, it is evident
that defining criteria of OPRCC are missing. Probably because of poor characterisation of
OPRCC with poor reproducibility of morphologic, immunohistochemical and genetic criteria,
likewise for contradictory biological potential documented in many OPRCCs the most recent
5th edition of WHO classification withdrew OPRCC as a distinct subtype of PRCC.

In this study, we analysed morphological, immunohistochemical, and molecular
genetic features of renal tumours exhibiting papillary/tubulopapillary to solid/compressed
architecture and oncocytic cells in order to better understand the relationship between
morphology and genetic background of these heterogeneous group of RCCs. Group of 39
tumours with aforementioned morphologic features, confirmed oncocytic nature by
immunohistochemical stain with antimitochondrial antigen antibody (MIA) and with well-
preserved DNA was selected for the study. The tumours were divided in three distinct
molecular subgroups based on chromosomal copy number variation (CNV) pattern:1) PRCC
with oncocytic cells and CNV identical to RO (enumeration of chromosome 1 - loss of whole
chromosome 1 or its deletion, typically 1p36; and/or loss of chromosome 14; and/or loss of
gonosomes; and/or 11q13 rearrangement - gene CCNDI1, or normal karyotype. 2) PRCC with
oncocytic cells and gains of chromosomes 7 and 17, and 3) PRCC with oncocytic cells and
variable CNV not matching the two previously mentioned subgroups. In first group (renal
oncocytoma-like CNV subgroup), 23 cases were included. Patients were 15 males and 8
females, with age range 52 to 81 years. Tumour size (available in 22/23 cases) ranged from
0.8 to 9 cm 1n greatest dimension. Tumour stage was available for 7 cases, it ranged from pT1
to pT3. Follow up was available for 14 patients, ranging from 0,5 to 8 years. All but one
patient showed no evidence of disease, the one patient developed metastases. By morphology,
papillary architecture was a dominant pattern, followed by compressed papillary architecture.
Two cases fulfilled criteria for PRCC with reverse polarity. Pseudostratification,
macrophages, necrosis, bloody lakes, calcification were variably seen. Immunoprofile varied
with most frequent positivity for CK7 (single cell /focal positivity), AMACR, Cyclin D1. All
tumours were negative for CD117, Melan A, and HMB45. GATA3 was positive only in cases
meeting criteria for PRCC with reverse positivity. KRAS gene mutation was also documented
in those cases. Cases with positive TFE3 staining showed no rearrangement of TFE3 by
FISH. To second subgroup (PRCC with oncocytic cells and gains of chromosomes 7and 17),
seven cases were included, 6 males and 1 female. One case represented a recurrence from a
patient initially included in a previous group (group one). The age of six remaining patients
ranged from 40 to 69 years. Tumour size ranged from 1.2 to 5 cm in greatest dimension.
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Pathologic stage (available in 5 cases) was no higher than pT1b. Follow-up was available in
5/6 patients, ranging from 0.5 to 9 years. One patient died of disease 6 years following
surgery. Remaining patients showed no evidence of disease. Morphology revealed more
heterogeneous architecture with papillary as the most frequent, admixed with tubular, cystic
up to solid and compressed papillary patterns. Pseudostratification, macrophages, psammoma
bodies were rarely seen. All cases stained for AMACR, vimentin, cyclin D1. CD117, Melan
A, HMB45, TFE3 were negative. CK7 was positive in the majority of cases. Two cases were
positive for CK20. One case not meeting criteria for PRCC with reverse polarity was positive
for GATAS3. Nine cases were included to the third group (PRCC with oncocytic cells and with
variable CNV). Group included 7 males and 2 females. Age ranged between 55 and 81 years.
Size of tumours ranged between 1.3 and 7 cm in the largest dimension. Pathologic stage was
available in 6 cases and ranged from pT1 to pT3a. Follow-up data was available for 6 patients
ranging from 4 to 14.5 years. One patient developed lymph node metastases, one patient died
of disease. No recurrence was reported in four patients. By morphology, all cases exhibited
predominant papillary pattern or compressed papillary pattern. Pseudostratification,
macrophages, psammoma bodies were unfrequently seen. All cases exhibited vimentin and
Cyclin D1 positivity with variable extent. CK20, CD117, TFE3, Melan A, HMB45, and
GATA3 were negative in all cases. Six cases were positive for CK7.

OPRCC was first described in 2005 by Lefévre. True oncocytic character was
confirmed by immunohistochemical positivity for MIA and by electron microscopy verifying
presence of abundant mitochondria. Since then much literature with ambiguous results was
published. In our study we conclude that the term “OPRCC” clusters a heterogeneous group
of tumours sharing papillary/tubulopapillary architecture with oncocytic cells but varying in
immunoprofile and spectrum of cytogenetic changes ranging from RO to former PRCC type 1
(classic pattern according to WHO 2022). From this point of view, for daily practice, it is
more reasonable to apply generous sampling rather than expensive molecular techniques,
which may erroneously lead to underestimating malignant tumours. Concluding, based on
available data, we would not recommend using ambiguous term “OPRCC” as a distinct
category.
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ARTICLE INFO ABSTRACT

Keywords: So-called oncocytic papillary renal cell carcinoma (OPRCC) is a poorly defined variant of papillary renal cell

Kidney carcinoma. Since its first description, several studies were published with conflicting results, and thus precise

Oncocytic renal cell carcinoma definition is lacking,

Eﬂ"*l”‘“; J A cohort of 39 PRCCs composed of oncocytic cells were analyzed. Cases were divided into 3 groups based on
nclassine:

. copy number variation (CNV) pattern. The first group consisted of 23 cases with CNV equal to renal oncocytoma.
Copy number variation pattern ‘

Oncocytoma
Overlapping

The second group consisted of 7 cases with polysomy of chromosomes 7 and 17 and the last group of 9 cases
included those with variable CNV.

Epidemiologie, morphologic and immunohistochemical features varied among the groups. There were not any
particular histomorphologic features correlating with any of the genetic subgroups. Further, a combination of
morphologic, immunchistochemical, and molecular-genetie features did not allow to precisely predict biologic
behavior.

Owing to variable CNV pattern in OPRCC, strict adherence to morphology and immunohistochemical profile is
recommended, particularly in limited samples (i.e., core biopsy). Applying CNV pattern as a part of a diagnostic
algorithm can be potentially misleading.

OPRCC is a highly variable group of tumors, which might be misdiagnosed as renal oncocytoma. Using the
term OPRCC as a distinct diagnostic entity is, thanks to its high heterogeneity, questionable.

1. Introduction others, group of papillary RCC with oncocytic cells represents example

of such challenging tumors. Papillary renal cell carcinoma (PRCC) has

Renal cell carcinomas (RCC) composed of oncocytic cells represents
a heterogeneous group of renal neoplasms, which can pose diagnostie
challenge in routine practice. Despite the existence of well-established
renal tumor entities such as renal oncocytoma (RO) and chromophobe
RCC, there are several morphologic variants of “oncocytic” tumors, for
which rendering exact diagnosis may be very challenging. Among

traditionally been divided into two morphologic subgroups — PRCC type
1 and PRCC type 2 [1]. However, in the “histo-molecular” classification
era, this does not hold true and remains unsatisfactory as many PRCC
cannot be classified as per existing criteria [2].

The WHO classification defines oncocytic PRCC (OPRCC) as a PRCC
with voluminous, finely granular, evenly distributed eosinophilic
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cytoplasm and oncocytoma-like nuclei (usually with low nuclear grade),
which are single-layered and linearly aligned [3]. Apparently, “OPRCC”
fulfilling these WHO criteria fits well in a subgroup of PRCC recently
described as “PRCC with reverse polarity™ [4]. However from the
reverse perspective, PRCCs composed of oncocytic cells are a part of
much broader spectrum, where PRCC with reverse polarity is one of the
existing variants/subtypes. The whole group of PRCCs composed of
oncocytic cells is so far poorly understood and histologic diagnostic
criteria have not yet been determined.

In this study, we analyzed morphological, immunchistochemical,
and molecular genetic features of renal tumors showing combined
papillary/tubullopapillary/papillary, compressed to solid architecture
and oncocytic cells (some of them overlapping with OPRCC as defined
by WHO classification/PRCC with reverse polarity) in order to better
understand the relationship between morphology and genetic back-
ground of these heterogeneous group of RCCs.

2. Material and methods
2.1. Case identification

A total of 287 cases of RCC with oncocytic/eosinophilic cells and
tubulopapillary/papillary architecture were retrieved from the Pilsen
Tumor Registry. A search algorithm inecluding the keywords “oncocytie,
papillary, tubular, tubulopapillary, unusual, renal cell carcinoma” was
used to identify appropriate renal tumors. All cases were reviewed by 2
pathologists (ILP., O.H.). Basic inclusion criteria were papillary/tubu-
lopapillary/papillary compressed architecture and oncocytic cells. All
cases with poorly fixed quality tissue or fixation artifacts were excluded
from the study. Further, we excluded high grade clear cell RCCs, unusual
chromophobe RCCs, tubulocystic RCCs, as well as cases with limited
available material (i.e., core biopsy). Upon completion of initial review
of 246 cases, 53 tumors were selected to be tested for DNA quality, of
which seven cases with low DNA quality were further excluded. In total,
46 tumors with papillary, tubulopapillary, and/or papillary-solid
(compressed papillae) architecture were analyzed and a representative
block from each case was stained with antimitochondrial antigen anti-
body (MIA) to confirm the oncocytic nature of neoplastic cells (for de-
tails see below). Only tumors with diffuse and strong cytoplasmic
positivity were accepted, leading to the exclusion of seven more cases
from the study.

Finally, 39 tumors were enrolled in the study, with 1-20 tissue blocks
(median 4) available for each case. One to two representative blocks
were selected for immunchistochemical and molecular—genetic studies.
1t should be noted that 10 cases were previously published in the study
of Michalova et al. (cases 1-10) [5].

2.2, Light microscopy

Tissues for light microscopy were fixed in 4% formaldehyde and
embedded in paratfin using routine procedure. Sections 2 jim thick were
cut from tissue blocks and stained with hematoxylin and eosin (H&E).

2.3. Immunohistochemistry

The immunochistochemical analysis was performed using a Ventana
BenchMark ULTRA (Ventana Medical System, Inc., Tucson, Arizona).
The following primary antibodies were used: cytokeratin 7 (OV-TL12/
30, monoclonal; Dako, Glostrup, Denmark; 1:200), cytokeratin 20
(M7019, monoclonal; Dako; 1:100), racemase/AMACR (P504S, mono-
clonal; Zeta, Sierra Madre, CA; 1:50), vimentin (V9, monoclonal; Cell
Marque, Rocklin, CA; RTU), carbonic anhydrase IX (EP161, monoclonal;
Cell Marque; RTU), antimelanosome (HMB45, monoclonal; Dako;
1:200), TFE3 (MRQ-37, monoclonal; Cell Marque; RTU), Melan A
({A103, monoclonal; Cell Marque; RTU), mitochondrial antigen anti-
body/MIA (113-1, Biogenex, San Ramon, CA; 1:100), GATA3
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(monoclonal, Biocare Medical, Concord, CA, 1:100), cyclin D1 (SP4-R;
monoclonal, Cell Marque, RTU). Appropriate positive controls were
used.

2.4. Fluorescent in-situ hybridization (FISH)

Four pm thick FFPE sections were placed onto positively charged
slides. The unstained slides were routinely deparaffinized and incubated
in the 1x Target Retrieval Solution Citrate pH6 (Dako, Glostrup,
Denmark) at 95°C for 40 min and subsequently cooled for 20 min at
room temperature in the same solution. Slides were washed in deionized
water for 5 min and digested in protease solution with Pepsin (0.5 mg/
ml, Sigma Aldrich, 5t. Louis, MO, USA) in 0.01 M HCI at 37 °C for 35 to
60 min, according the sample conditions. Slides were then placed into
deionized water for 5 min, dehydrated in a series of ethanol solution
(70%, 85%, and 96% for 2 min each) and air-dried. Vysis probes (Vysis/
Abbott Molecular, IL, USA) were mixed with water and CEP or LSI/WCP
Hybridization buffer (Vysis/Abbott Molecular) in a 1:2:7 ratio respec-
tively. ZytoLight probe (ZytoVision GmbH, Bremerhaven, Germany)
was factory premixed. Overview of all used probes is summarized in
Supplemental Table 1.

An appropriate amount of probe was applied on specimen, covered
with a glass coverslip and sealed with rubber cement. Slides were
incubated in the ThermoBrite instrument (StatSpin/Iris Sample Pro-
cessing, Westwood, MA, USA) with co-denaturation at 85°C for 8 min
and hybridization at 37 °C for 16 h. Rubber cemented coverslip was then
removed and the slide was placed in post-hybridization wash solution
(2xSSC + 0.3% NP-40) at 72 °C for 2 min. The slides were air-dried in the
dark, counterstained with 4, 6'-diamidino-2-phenylindole DAPI (Vysis/
Abbott Molecular), coverslipped and immediately examined.

The sections were examined with an Olympus BX51 fluorescence
microscope (Olympus Corporation, Tekyo, Japan) using a 100x objec-
tive and filter sets Triple Band Pass (DAPI/SpectrumGreen/Spec-
trumOrange), Dual Band Pass (SpectrumGreen/SpectrumOrange) and
Single Band Pass (SpectrumGreen, SpectrumOrange, SpectrumGold,
SpectrumRed and SpectrumAqua). For each probe, one hundred
randomly selected nonoverlapping tumor cell nuclei were examined for
presence of fluorescent signals.

Scoring of loss | p was performed by counting the ratio of the number
of 1p36 to 1q25. Cut-off value was used 0.7 according to the classifi-
cation of Mohapatra et al. [6]. Loss and gain for studied centromeres and
loci CCND1 and IGH were defined as the presence of one specific signal
per nucleus in >45% and three and more signals in >10% (mean value
in normal non-neoplastic control tissues +3 standard deviations),
respectively [7]. Regarding break-apart probes, yellow signals were
considered negative, separate orange and green signals were considered
as positive. Cut off value was set to more than 10% of breakpoint signals
(mean walue in normal non-neoplastic control tissues +3 standard
deviations).

2.5, NGS method

DNA from FFPE samples was extracted using QlAsymphony DSP
DNA mini kit (Qiagen, Hilden, Germany). Purified DNAs were quanti-
fied using the Qubit Broad Range DNA Assays (Thermo Fisher Scientific,
Waltham, Massachusetts, USA).

Hotspot mutations in KRAS gene were analyzed using the Accel-
Amplicon Plus EGFR PAthway Panel (Swift Biosciences, USA). The li-
braries were prepared following the Accel-Amplicon protocol for llu-
mina sequencing. Final libraries were multiplexed, spiked with 20%
PhiX control and sequenced on a NextSeq 550 (Illumina, San Diego, CA)
to achieve at least 150,000 reads per sample. The analysis of the
sequencing results (fastq files) was performed using the Varsome Clin-
ical software (Saphetor SA, CH). Parameters for variant reporting were
set to a minimum coverage per amplicon 300 and allelic frequency over
5%.
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2.6. Evaluation of the cases, study groups

The tumors were divided into three distinct molecular subgroups
according to their chromosomal copy number variation (CNV) pattern as
follows: 1) PRCC with oncocytic cells and CNV identical to RO
{enumeration of chromosome 1 - loss of whole chromosome 1 or its
deletion, typically 1p36; and/or loss of chromosome 14; and/or loss of
gonosomes; and/or 11ql3 rearrangement - gene CCNDJ, or normal
karyotype — see in Supplemental Table 2), 2) PRCC with oncocytic cells
and gains of chromosomes 7 and 17, and 3) PRCC with oncocytic cells
and variable CNV not matching the two previously mentioned sub-
groups. All neoplasms were analyzed by morphology and immunohis-
tochemistry, and clinical data were compared.

2.7. Statistical analysis

The values of continuous parameters were calculated as means +
standard deviation (SD). Pearson’s Xﬁ test was used for categorical var-
iables and Student’s t-test for comparing the means. All tests were two-
tailed, and p < 0.05 was considered statistically significant. All
descriptive and inferential statistical analyses were carried out using the
Statistical Package for the Social Sciences (SPSS), version 19.0 (Chicago,
IL, USA).

3. Results

All 39 cases of PRCC composed of oncocytic cells were divided into
three distinct subgroups according to their chromosomal CNV of
selected chromosomes:

3.1. GROUP ]: PRCC with oncocytic cells and renal oncocytoma-like
CNV

Basic clinicopathologic data are listed in Table 1. This study sub-
group included 23 cases. Patients were 15 males and 8 females, with age
range 52 to 81 years (median 68 years, mean 67.9 years). Tumor size
(available in 22/23 cases) ranged from 0.8 to 9 cm in greatest dimension
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(median 3.8 cm, mean 4.4 cm). Pathologic stage included pT1 in 13
cases (pTlain 11 cases, pTlb in 2 cases), pT2 in 1, and pT3a in 2 cases.
No information on pathologic stage was available in 7 cases. Follow-up
data were available for 14 patients (range 0.5 to 8 years, mean 4.5 years,
median 7.5 years). One patient developed recurrence and metastatic
disease (case 15a, for further recurrence details see case 15b in subgroup
“PRCC with oncocytic cells and gains of chromosomes 7 and 177),
thirteen patients are alive with no evidence of disease.

Morphologic features are summarized in Table 2. Papillary compo-
nent was documented, at least focally, in all 23 tumors (Fig. 1A+B).
Papillary architecture was the predominant growth pattern in 18/23
cases, with 6/18 cases exhibiting secondary compressed papillary
structures, and 5/18 with other minor components (tubulopapillary in 3
cases, tubular in 1 case, and cystic and tubular in 1 case). In the
remaining 5/23 cases, the papillary areas were only focally present, of
which 3/5 cases showed predominant tubulopapillary areas (in two
cases with more tubulopapillary compressed architecture), and 2/5
cases combined papillary areas with tubular structures (even tubular
compressed mimicking “solid” areas) (Fig. 2). Two cases (case 3 and case
16) with papillary architecture, uniform eosinophilic cells and round
nuclei met criteria for diagnosis of PRCC with reverse polarity (see
below) (Fig. 3A+B). 10/23 cases showed WHO/ISUP nuclear grade 2,
while the remaining 13/23 cases were nuclear grade 3. Pseudos-
tratification was noted in 8/23 cases (in 5 cases only focally). Macro-
phages were present in 11 cases. Further, we found necrosis in 2 cases,
hemorrhage in 6 cases, so-called bloody lakes in 2 cases, calcifications in
5 cases, and hemosiderin pigmentation in 3 cases (Fig. 4).

Results of immunohistochemical analysis are summarized in Table 3.
All cases showed positivity for anti-mitochondrial antigen antibody
(MIA) and vimentin (in 2 cases only focally), while all tumors were
negative for CD117, Melan A, and HMB45. Twelve cases were positive
for CK7 (focally in 5/12 and single cells in 1/12). Racemase (AMACR)
showed positive result in 20,/21 cases and cyclin D1 in 21/22 cases (focal
in 2/22 and single cells in 6/21 cases). Carbonic anhydrase IX was
positive in 7/21 cases (focally in all seven cases), GATA3 in 2/21 cases,
and CK20 in 1/22 cases. GATA3 positivity corresponded with cases
fulfilling morphologic criteria for PRCC with reverse polarity (case 3 and

Table 1
GROUP 1: PRCC with oncocytic cells and renal oncocytoma-like CNV - clinical data.
CASE SEX AGE SIDE SIZE - in the greatest dimension STAGE FU
(em)
CASE 1* M 69 L 10 pT3a 6y ANED
CASE 2* F 61 L 7 NA 6y ANED
CASE 3* F 56 NA 2 pTla LFU LFU
CASE 4* F 75 L 3.5 pTla [ ANED
CASE 5* F 63 NA 4 pTla 1.5y ANED
CASE 6* F 53 R 5 NA 13y ANED
CASE 7* M 79 R 9 pT2 3y ANED
CASE 3* M 73 R 3 pTla 2y ANED
CASE 9* M 76 R NA NA LFU LFU
CASE M 63 NA 5.5 pT1b LFU LFU
10*
CASE 11 M 76 R 7.9 pT3a 10y ANED
CASE 12 F 66 R 4 pTla 2.6y ANED
GCASE 13 M 67 R 2 pTla 1.5 ANED
CASE 14 F 67 R 3 pTla 0.5y ANED
CASE M 60 R 5 pT1b 3 AWD (see case 15b in subgroup “PRCC with oncocytic cells and gains of chromosomes
15a 7 and 177)
CASE 16 F 71 L 2.1 pTla 1.4y ANED
CASE 17 M 73 L 6.5 NA LFU LFU
CASE 18 M 66 R 3.5 NA LFU LFU
CASE 19 M (3 R 1.5 pTla LFU LFU
CASE 20 M 52 L 4 NA LFU LFU
CASE 21 M 65 R 1.5 pTla 1.6y ANED
CASE 22 M 81 NA 5.5 NA LFU LFU
CASE 23 M 72 R 0.0 pTla LFU LFU

M male, F female, L left, R right, NA not available, ANED alive with no evidence of disease, AWD alive with the disease, LFU lost for follow up, * cases previously
included in study by Michalova et al. [5].
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Table 2
GROUP 1: PRCC with oncocytic cells and renal oncocytoma-like CNV — morphologic study.
CASE Pattern of growth Cytoplasm Grade ISUP/WHO Pseudostratification  Calcification (C), necrosis ~ Macrophages
(N). hemosiderin (HEM),
Fapillary Orher growth hemorrhage (HEMOR)
structures pattern
CASE Compressed Compressed Granular and eosinophilic, 2 Ne N+ Not present
1° papillary tubular cuboidal cells
CASE Only Granular, abundant, 2, nuclei elevared No HEM +, C + +++
2* eosinophilic from BM
CASE ©Only Granular, eosinophilic, 2 No Not present Not present
3* cuboidal cells
CASE Only Granular, abundant, 2 Present focally Not present ++
47 eosinophilic
CASE Focally Tubulopapillary Granular, abundant, 3, nuclei elevated No HEMOR. + Not present
5% eosinophilic from BM
CASE Only Granular, abundant, 3 Present focally Not present Not present
- eosinophilic
CASE Focally, Tubular, “solid” Granular, abundant, 2, granular no HEMOR + ++
7* compressed eosinophilic chromatin
CASE Predomi 1y Tubulopapillary Granular, abundant, 3 Present focally Not present Not present
g eosinophilic
CASE Only Granular, abundant, 3 Present Not present Not present
9° eosinophilic
CASE Papillary and Granular, abundant, 2, granular No Not present Not present
10° papillary eosinophilic chromatin
compressed
CASE Predomi 1y Tubulopapillary Granular, abundant 2, optically empty,  present focally G + (discrete), HEMOR + Not present
11 eosinophilic grooves, nuclei (discrete)
luminally located
CASE Papillary Granular, eosinophili 3,8 No Occasional siderophages +
12 compressed to cytoplasm chromatin, nuelei
“solid” centrally located
CASE Papillary Granular, abundant 3, elevated from No C +, HEMOR + +
13 compressed eosinophilic BM
CASE Predominanty Tubular Granular, abundant 3, granular No Bloody lakes ++
14 eosinophilic chromatin
CASE Focally papillary Cystic, tubular Granular, abundant 3 present focally C +, bloody lakes, N +, + (collections of
15a compressed eosinophilic, giant HEMOR + foamy
multinucleated cells macrophages)
CASE Only Granular, abundant 2 No Not present Not present
16 eosinophilic,
intracytoplasmatic
vacuoles
CASE Papillary Granular, abundant 2, granular No Not present + (collections of
17 compressed eosinophilic chromatin, foamy
luminal macrophages)
localization of
nuclei
CASE Papillary Granular, abundant 3 Present Bloody lakes b
18 compressed eosinophilic
CASE Only Granular, abundant 2, granular Present C + cholesterol clefts, + (collections of
19 eosinophilic chromatin, nuelei bloody lakes foamy
centrally located macrophages)
CASE Focally Tubulopapillary Granular, abundant 3, granular No Not present ot
20 compressed eosinophilic chromatin, nuclei
centrally located
CASE Only Granular, abundant 3 No Not present Not present
21 eosinophilic
CASE Focally Tubulopapillary Granular, abundant 3 No HEMOR-+ Not prezent
22 compressed eosinophilic
CASE Predomi Ty Tubulopapillary Granular, abundant 3 Present focally HEM+ Not present
23 compressed eosinophilic

* Cases previously included in study by Michalova et al. [S], BM basal membrane, + present.

16). TFE3 staining was positive in two cases (clear nuclear staining in
more than 50% of neoplastic cells), while FISH for detection of break in
TFE3 gene was negative in both cases.

Cytogenetic study showed spectrum of changes typically described in
RO. Eight cases (8/23) had normal karyotype in tracked characters. Loss
of gonosomes was identified in 5/23 cases, including 4/5 cases with loss
of Y and 1/5 case with loss of X. Deletion 1p36 (2/23 cases) and com-
bined deletion of 1p36 with loss Y (2/23 cases) were detected. Rear-
rangement of gene CCND] localized on 11q13 was noted in 2/23 cases.
The remaining of 6/23 cases each showed combined different cytoge-
netic changes compatible with RO as follows, one case with deletion

1p36 concurrently with loss 14 and Y, one case with deletion 1p36
concurrently with loss 14, one case with loss 14 concurrently with loss ¥,
and one case with loss 14. Cases fulfilling the morphologic criteria of
PRCC with reverse polarity had rearrangement of gene CCND! in one
case (case 3) and normal karyotype in the second case (case 16). Mu-
tation of KRAS gene was documented in both cases. Overview of all
detected changes are presented in Table 4.
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Fig. 1. A: Papillary renal cell carcinoma composed of oncocytic cells. Mild to
moderate pseudostratification is present, however, nuclei are round and small
with low nucleo-cytoplasmatic ratio.

B: In some tumers from “PRCC with oncocytic cells and renal oncocytoma-like
CNV” group, voluminous deposits of hemosiderin were present.

Fig. 2. In some tumors, compressed tubulopapillary structures imparted
pseudosolid appearance.

3.2. GROUP 2: PRCC with encocytic cells and gains of chromosomes 7
and 17

Clinicopathologic data are showed in Table 5. This subgroup con-
tained seven tumeors, with 6 males and | female. One case (15b) repre-
sented a recurrence from a patient initially included in a previous group
as case 15a. Clinicopathologic data regarding case 15b are described
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Fig. 3. A: Two cases from “PRCC with oncocytic cells and renal oncocytoma-
like CNV group” fulfilled diagnostic criteria for “PRCC with reverse polarity”.
B: Neoplastic cells were arranged in single row on papillary cores.

above. The age of six remaining patients ranged from 40 to 69 years
(mean 59.9 years, median 6] years). Tumor size ranged from 1.2 to 5 em
in greatest dimension (median 3 cm, mean 3.3 cm). Pathologic staging
was available in 5 cases (pTlain 3 and pT1b in 2 cases). Follow-up was
available in 5/6 patients, ranging 0.5 to 9 years (mean 6.7 years, median
6 years). No records concerning aggressive behavior were found in 4
patients, while one patient died of the disease 6 years post-surgery.

Meorphologic data are summarized in Table 6. Morphologically, three
cases had only or predominantly papillary architecture (in 1 case with
focal tubulopapillary areas, and in 1 case with compressed papillae). In
two cases, there were papillary areas admixed with tubular and cystic
areas (in | case), and with more solid and tubular compressed areas (in 1
case) (Fig. 4A+B). Two cases were composed of compressed tubulopa-
pillary/tubular structures. Nuclear grade was 2 in 3/7 cases, and grade 3
in 4/7 tumors (WHO/ISUP). Pseudostratification was focally present in
1 case, in the remaining 6/7 cases was not documented. Three tumors
contained macrophages. Psammoma bodies were found in one case.
Hemosiderin depesition was found in one case and large hemorrhage in
another case.

The immunochistochemical results are summarized in Table 7. All
cases were positive for MIA, racemase (AMACR), and vimentin (in 4/7
cases focally). CD117, Melan A, HMB45, TFE3 were negative. CK7
positivity was found in 4/7 cases (in one case focally), while two cases
showed reactivity for CK20. Carbonic anhydrase IX was focally positive
in 2/7 tumors and GATA3 in one tumor (case 29, this case did not meet
the morphologic criteria of PRCC with reverse polarity). Cyclin D1 was

39



Fig. 4. A: Some cases from group 2 (PRCC with oncocytic cells and gains of
chromosomes 7 and 17) showed papillary areas only focally, admixed with
more solid and tubular compressed areas.

B: Oncocytic neoplastic cells formed solid component reaching grade 3
(ISUP/WHO).

positive in 7/7 cases (in 3 cases focally).

Cytogenetic study detected gain of chromosomes 7 and 17 in all these
cases (Table 8). Loss of chromosome Y was noted in 4/6 male patients
and loss of chromosome X in 1/1 female. In four cases, there were
additional cytogenetic changes characteristic for RO (1:< rearrangement
of CCNDI, 1= deletion 1p36 together with loss 14, 1< loss 14, 1x
deletion 1p36). In 2 cases, in addition to the polysomies 7 and 17 and
loss Y, we noted gain in locus 11q13.

3.3. GROUP 3: PRCC with encocytic cells and with variable CNV

Basic clinicopathologic data are summarized in Table 9. In this
subgroup, nine cases were collected based on the results of cytogenetic
study - PRCCs with oncocytic cells and variable CNV not matching the
former subgroups. This group included 7 males and 2 females, with age
ranged between 55 and 81 years (median 71 years, mean 71.7 years).
Size of tumeors ranged between 1.3 and 7 em in the largest dimension
(mean 3.9 cm; median 3 cm). Pathologic stage was pT1 in 3 cases (pTla
in 2 cases, pT1b in 1 case), and pT3a in 3 cases. Information about stage
was not available in 3 cases. Follow-up data were available for 6 patients
(range 4 to 14.5years, mean 7.5, median 6.2 years). One patient had
metastatic disease (lymph nodes metastasis), and one patient died of the
disease 4 years post-surgery. Four patients showed no aggressive
behavior.

Morphologic features are shown in Table 10. All 9 cases had
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predominantly/solely papillary architecture (in 1 case there were focal
tubular and cystic areas, and in 1 case focally tubulopapillary areas). In
2/9 cases papillary structures were predominantly compressed. Four
tumors had nuclear grade 2, and four tumors had nuclear grade 3
(WHO/ISUP). Nuclear pseudostratification was present in 3 cases (in 2/
3 cases focally). Two tumors contained macrophages (Fig. 5), and he-
mosiderin deposition was found in four cases. One tumor contained
psammoma bodies and necrosis was documented in 1 case.

Immunchistochemical findings are summarized in Table 11. All
cases were positive for MIA, vimentin (focal positivity in 3 cases), and
Cyclin D1 (6 cases with focal positivity, positive single cells in 1 case).
CK20, CD117, TFE3, Melan A, HMB45, and GATA3 were negative in all
cases. Six cases were positive for CK7 (2/6 cases focally, single cells
reactivity in 1/6). Carbonic anhydrase IX showed focal positivity in 3/8
cases.

Cytogenetic study in this subgroup showed wvariable results
(Table 12). Cases frequently showed cytogenetic changes partially
overlapping with both PRCC and RO. However, in contrast with the
former two subgroups, the full cytogenetic overlap with either of PRCC
or RO was not recorded in any of these cases. Namely, 2/9 cases had
polysomy of chromosome 17 and loss of chromosome Y; 2/9 cases
showed loss of chromosome 17; 1/9 case showed loss of chromosome 7
and loss of chromosome 17. In 1/9 case loss of chromosome 17, together
with loss of chromosome Y and deletion 1p36 was found. In 1/9 case loss
of chromosome 17 together with loss of chromosome Y was found. In 1/
9 case gain of chromosome 7 together with loss of chromosome 17 was
documented. Finally, in 1/9 case gain of chromosome 7 together with
loss of chromosome Y was encountered.

3.4. Inferential analysis findings

This analysis was carried out to examine statistical significant dif-
ferences between the above-mentioned three cohorts. No significant
statistical differences were found between mean age of patients in group
one (PRCC with oncoeytic cells and RO-like CNV) and the other two
groups. Similar findings were also observed for following variables: sex,
tumor size, pathologic staging, and clinical follow-up data. Data on age,
sex, and pathologic staging were statistically different between the
second group (PRCC with oncocytic cells and gains of chromosomes 7
and 17) and the third group (PRCC with oncocytic cells and with vari-
able CNV).

4. Diseussion

The so-called “OPRRC” was first time described in 2005 by Lefevre
et al. [2]. The authors published 10 tumors with combined extensive
papillary architecture and oncocytic neoplastic cells (packed by mito-
chondrias, which imparts a finely granular appearance of the cytoplasm)
in a single layer. The presence of mitochondrias was further verified by
electron-microscopy and supported by specific immunolabeling with
anti-mitochondria antigen antibody (MIA). The tumors showed immu-
nohistochemical profile similar to PRCC (AMACR and vimentin posi-
tivity). However, the cytogenetic features were similar to RO. None of
the cases showed trisomy of chromosome 7 and/or 17. The authors used
a descriptive term “adult papillary tumor with oncocytic cells”. A few
meonths later, a study of other 12 cases was subsequently published [2].
Similarly to the initial study, the tumors were mostly composed of
papillary structures lined by single (occasionally pseudostratified) layers
of cells with granular eosinophilic cytoplasm, electron-microscopically
filled by numerous mitochondria, and with an immunoprofile
“typical” of PRCC. However, few cases showed pseudostratification.
Interestingly, in 11/12 cases solid areas with morphological features
overlapping with typical RO were documented. Nine cases presented
with higher nuclear grade. Cytogenetic study of these tumors detected
changes usually described in PRCC (polysomy of chromososome 7 and/
or 17) in majority of cases. The authors for the first time used the term
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Table 3
GROUP 1: PRCC with oncocytic cells and renal oncocytoma-like CNV — immunohistochemistry.
GASE MIA CE7 CE20 CD117 TFE3 Melan A HMB45 AMACR VIM Cyclin D1 GATA3 CANH
CASE 1 4+ Foc. ++ 4+ Foc. +-++ 5C + Foc. +++
GASE 2° 4+ 4+ -+ 5C +++ Foc. +++
CASE 3° 4+ +++ + Foc. + 4+ -+
CASE 4 +++ +++ +++ ++ +++ Foc. +++
‘CASE 5° +++ Foc. ++4+ F++ 5C + Foc. +++
CASE 6 4+ + -+ ++
GASE 7* 4+ Foc. ++ 4+ -+ + 8C
CASE 8° +++ Foc. +-++ NA +++ Foc. +-++
CASE 9° ++ +++ +++ + SC NA NA
CASE 10* +++ -+ +++ Foc. ++4+ Foc. +++
GASE 11 4+ ++ 4+ -+ ++
GCASE 12 4+ 4+ -+ ++
CASE 13 ++ 4+ -+ ++
CASE 14 +++ +++ +++ -+
GCASE 15° +++ ++ 85C +++ -+ -+ Foc. +++
CASE 16 4+ +++ -+ ++ +++
GASE 17 4+ 4+ -+ +
CASE 18 +++ +++ +++ +++ +++
CASE 19 +++ +++ +++ -+
‘CASE 20 -+ Foc. + -+ +++ + 5C
GASE 2] 4+ +++ 4+ -+ ++ Foc. +++
CASE 22 4+ Foc. + I 4+ e+t
CASE 23 4+ t++ 4+ -+ ++
— negative, + weak positivity, ++ moderate positivity, +++ strong positivity, Fec. focally (up te 50%), SC single cells.
* FISH (break TFEZ) negative.
" Cases previously included in study by Michalova et al. [5].
Table 4
GROUP 1: PRCC with oncocytic cells and renal oncocytoma-like CNV - cytogenetic study.
CASE Del 1p36  Enumeration BA BCL1 Enumeration BCL1 Enumeration Enumeration Enumeration X SWIFT KRAS
1 (CCND1) (CCND1) 7 14 17
CASE 17 Negative Negative Negative MNegative Megative Negative Negative Loss Y NP
CASE 2° Present Negative MNegative Negative Negative Loss Negative Negative NP
CASE 3° Negative Negative Present NA Negative Negative Negative Negative Mutation ERAS ¢.35G = A, p.
(Gly12Asp), AF:30%
CASE 4° Negative Negative Negarive NA Negative Negarive Negarive Negative NP
CASE 5° Negative Negative Negative Negative Negative Negative Negative Negative NP
CASE 6° Present Negative MNegative Negative Negative Negative Negative Negative NP
CASE 7* Negative Negative Negative Negative Negative Negative Negative Loss Y NP
CASES™ Negative Negative Negarive Negative Negative Negarive Negarive Negative NP
CASE 9° Present Negative Negative Negative Negative Negative Negative Negative NP
CASE Present Negative Negative NA Megative loss Negative Loss Y NP
10*
CASE 11 Negative Negative Present Negative Negative Negative Negative NA NP
CASE 12 Negative Negative Negarive Negative Negative Negarive Negarive Loss X NP
CASE13  Present Negative Negarive Negative Negative Negarive Negarive Loss Y NP
CASE 14 Negative Negative Negative MNegative Megative Negative Negative Negative NP
CASE NA NA Negative Negative Negative Negative Negative Negative NP
15a
CASE 16 Negative Negative Negarive Negative Negative Negarive Negarive Negative Mutation KRAS c.181C>A,
p.(GIn61Lys), AF:19%
CASE 17 Negative Negative Negative Negative Negative Negative Negative Loss Y NP
CASE 138 Negative Negative MNegative Negative Negative loss Negative Negative NP
CASE 19 Negative Negative Negative Negative Negative Negative Negative Negative NP
CASE 20 Negative Negative Negarive Negative Negative Negarive Negarive Negative Negative
CASE 21 Negative Negative Negarive Negative Negative Negarive Negarive Loss Y Negative
CASE 22 Present Negative Negative MNegative Megative Negative Negative Loss Y Negative
CASE 23 Negative Negative Negative Negative Negative loss Negative Loss Y NA

NA not available, NP not performed.
* Cases previously included in study by Michalova et al. [5].

oncocytic PRCC, and since then, a number of different studies have been
published, mostly with conflicting results [10-12].

The so-called “OPRCC” is not yet fully characterized. The basic
morphologic criteria (papillary and/er tubulopapillary architecture and
cells with abundant granular/oncocytic cytoplasm) are non-specific and
a number of different renal tumors meets these characteristics. Partic-
ularly, the term “oncocytic™ is frequently erroneously applied to all cells
with voluminous eosinophilic cytoplasm, without confirming their true

“oncocytic” nature by immunohistochemical or electron microscopic
examination. Another problematic point is the definition of OPRCC by
WHO 2016. When applying the 2016 WHO criteria, majority of the tu-
mors from the initial studies [£,9] would not fulfill the proposed
morphologic characteristics for the diagnosis of OPRCC [3]. However,
the majority of these initial cases would mostly be compatible with
another recently described PRCC subtype — “PRCC with reverse polarity”
[4].
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Table 5
GROUP 2: PRCC with oncocytic cells and gains of chromosomes 7 and 17 -
clinical data.

CASE SEX AGE SIDE  SIZE- in the STAGE FU
greatest dimension
(cm)
CASE M 69 R 5 pTlb 6v DOD
24
CASE M 63 NA 3 pTla ay DNED
25
CASE M 59 L 3 pTla 10y ANED
26
GASE F 59 R 1.2 pTla &y ANED
27
CASE M 40 NA NA NA LFU LFU
28
CASE M 67 R 4.5 pTlb 0.5y ANED
29
CASE M 64 R 2.4 pTla gy AWD
15b

M male, F female, L left, R right, NA not available, DNED death with no evidence
of disease, ANED alive with no evidence of disease, AWD alive with the disease,
DOD death of the disease, LFU lost for follow up.

In this study, we presented a cohort of tumors fulfilling the basic
criteria for the diagnosis of so-called “OPRCC” as it has been used in
previously published studies (papillary and/or tubulopapillary archi-
tecture and cells with abundant oncocytic cytoplasm packed with
mitochondria) [8-12]. Following strict criteria accepted by the WHO
2016, substantial part of our cohort cannot be classified as OPRCC.
According to WHO 2016, the combination of morphology and
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immunoprofile of the tumors discussed herein would classify them
either as OPRCC or PRCC, NOS. Therefore, we decided to split our cases
into 3 distinet categories using CNV and other molecular features as a
divider line: RO-like group, 7 and 17 polysomy group, and mixture of
patterns.

Qur cytogenetic findings showed interesting results and occasional
overlapping diagnostic features. Only seven cases (17.9%) showed pol-
ysomy of chromosome 7 and 17, which is consistent with traditional
cytogenetic changes of PRCC, particularly the so-called type 1 [13].
Interestingly, four cases with chromosome 7 and 17 polysomy concur-
rently had some RO-like cytogenetic features as well. Molecular genetic
changes consistent with the diagnosis of RO were documented in 28/39
cases (71.8%). Five cases showed wvariable cytogenetic profile, with
changes partly consistent with RO or with those of PRCC. Four cases in
this study showed changes, which not typically belong to either RO or
PRCC (loss of chromosomes 7 and/or 17).

Patients were mostly older, only 7/39 were in age under 60 years
(only one patient was 40 years). There was a strong male predominance
(27:11). Four patients with documented aggressive behavior showed
variable cytogenetic profile, thus we were not able to identify any CNV
characteristic features associated with aggressive behavior.

Analysis of architectural growth patterns showed overlapping fea-
tures across all 3 sroups. However, the number of cases in each group is
relatively small and does not allow to predict any particular subsroup-
specific architecture. In all 3 groups, tumors were mainly arranged in
papillary and tubulopapillary patterns, while rarely with “pseudosolid”
(compressed) areas. Across the study groups 1-3, nuclear pseudos-
tratification was detected in 8/23, 1/7 and 3/9 cases, respectively (in
majority of cases only focally). Further, we evaluated the presence of

Table 6
GROUP 2: PRCC with oncocytic cells and gains of chromosomes 7 and 17 - morphologic study.
CASE Partern of growth Cytoplasm Grade ISUP/ Pseudostratification  Calcification (C), necrosis Macrophages
. " WHO (M), hemosiderin (HEM),
p;;s:;:.; :tructures hemorrhage (HEMOR)
CASE Predominantly Tubulopapillary Granular, abundant, 3. nuelei No HEM +
24 (focally compressed) eosinephilic, areas of cells elevated from
with clear cytoplasm BM
CASE Papillary and Granular, abundant, 3 No HEM +, C + (psammoma)
25 papillary eosinophilic, cuboidal to
compressed eylindrical cells
CASE Only Granular, eosinophilie, 3 Present focally Not present
26 eylindrical cells
CASE Not present Compressed Granular, abundant, 2, granular No Not present Not present
27 tubulopapillary, eosinophilic chromatin
alveolar
CASE Not present Compressed tubular Granular, abundant 2, granular No Not present Mot present
28 chromatin
CASE Focally Predominandy solid, Granular, eosinophilic, 2, granular No Not present Not present
29 tubullary compressed cuboidal cells chromatin
CASE Papillae Tubular, cystie Granular, abundant, 3 No HEMOR + Not present
15b sporadically eosinophilie,
intracytoplasmic vacuoles
(“empty”)
BM basal membrane, + present.
Table 7
GROUP 2: PRCC with oncocytic cells and gains of chromosomes 7 and 17 - immunohistechemistry.
CASE MIA CK7 CE20 CD117 TFE3 Melan & HMB45 AMACR VIM Cyelin D1 GATA3 CANH
CASE 24 Foc. ++ Foc. ++
CASE 25 Foc. Foc.
CASE 26 Foc. ++ Foc. +++
GASE 27
CASE 28 Foc. Foc. +-++
CASE 29 Foc. ++
CASE 15b Foc. ++

— negative, + weak positivity, ++ moderate positivity, +++ strong positivity, Foc. focally (up to 50%), SC single cells.
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Table 8

GROUP 2: PRCC with oncocytic cells and gains of chromosomes 7 and 17 - cytogenetic study.
CASE Del 1p36  Enumeration 1 BA BGCL1 Enumeration BCLI Enumeration 7 Enumeration Enumeration XY SWIFT

(GCND1) (GCND1) 14 17 ERAS
CASE 24 Negarive Negarive Present NA Gain Negative Gain MNegative NP
CASE 25 Negative Negative NA NA Gain Negative Gain Negative NP
CASE 26 Negative Negative Negative Gain Gain Negative Gain Loss Y NP
CASE 27 Present Negative Negative Negative Gain Loss Gain Loss X NP
CASE 28 NA NA Negative Gain Gain NA Gain Loss Y NP
CASE 29 Negative Loss Negative Negative Gain Loss Gain Loss ¥ NP
CASE Present Negative Negative Negative Gain Negative Gain Loss Y NP
15b

NA not available, NP not performed.

Table 9
GROUP 3: PRCC with oncocytic cells and with variable CNV — clinical data.
CASE SEX AGE SIDE  SIZE - in the STAGE  FU
greatest
dimension {(cm)
CASE M 73 R 3 pTla 4.3y ANED
30
CASE M 71 R 3 NA LFU
31
CASE M 55 NA 7 pT3a 4y DOD
32
CASE M 70 R 4 pT3a 10y AWD
33 (Lymph nodes
metastasis)
CASE F &1 R 2 NA LFU
34
CASE M 69 L 6.5 pTlb 14.5y DNED
35
CASE F 70 L 6 pT3a Sy ANED
36
CASE M 75 R 2 pTla 4.3y ANED
37
CASE M &1 R 1.3 NA LFU
38

M male, F female, L left, R right, NA not available, DNED death with no evidence
of disease, ANED alive with no evidence of disease, AWD alive with the disease,
DOD death of the disease, LFU lost for follow up.

foam cells, calcifications, hemorrhagia, hemeosiderin and necrosis,
which yielded no differences between the study groups. There were no
significant differences in immunohistochemical profile ameong the study
groups, with all cases positive for MIA, AMACR and vimentin. Immu-
noreactivity for CK7, CK20, AMACR, cyclin D1, GATA3, and carbonic
anhydrase IX was variable across the three groups. All tumors were
negative for CD117, HMB45, and Melan A. No correlation between
immunoprofile and CNV status was found.

An interesting finding in this study were 2 cases fulfilling the diag-
nostic criteria (both meorphologically and immunohistochemically) for
so-called PRCC with reverse polarity. Both cases were listed in the group
of PRCC with oncocytic cells and RO-like CNV. Moreover, we showed
KRAS mutation in both tumeors, believed to be another characteristic
feature of PRCC with reverse polarity.

Case 15 provided another interesting and study design complicating
results. The primary tumor (case 15a) showed molecular genetic pattern
similar to RO, while its recurrence (case 15b) presented with polysomy
of chromosomes 7 and 17. Primary lesion exhibited mostly tubular
architectural pattern with cystic changes, the recurrent tumor was pre-
dominantly tubular. However in recurrent lesion, intracytoplasmic
vacuoles were focally present. Both primary and recurrent tumor
expressed CK20. Such findings demonstrated that renal cell carcinomas
with papillary/tubulopapillary patterns and oncocytic cells are hetero-
geneous and that CNV analysis can potentially be confusing and need to
be interpreted with caution.

The differential diagnosis of “oncocytic” renal tumors is rather

challenging and includes RO, OPRCC, chromophobe renal cell carci-
noma, and less frequently encountered neoplasms such as so-called
hybrid oncocytic-chromophobe tumor/low grade oncocytic neoplasia
of uncertain malignant potential (according to the WHO 2016 classified
as chromophobe RCC), so-called low-grade oncocytic tumor (LOT), and
so-called eosinophilic vacuolated tumor [3,14].

Because of oncocytic features of the neoplastic cells and the presence
of more “solid” areas in our tumors, RO is a morphological leading
differential diagnosis. It should be noted that sometimes, focal papillary
foci can even be seen in RO [15]. Alveolar growth pattern, occasionally
with island-like structures in a rich fibrotic or edematous background is
characteristic for RO. Membranous positivity of CD117 is also typical for
RO [16]. AMACR positivity was deseribed in RO [17], and central scar-
like areas in RO can show focal positivity for vimentin at the periphery
or in small clusters scattered throughout the tumor [18]. The cytoge-
netic alterations in RO encompass enumeration of chromosome 1 (loss of
whole chromosome lor its deletion — typically 1p36), and/or loss of
chromosome 14, and/or loss of gonosomes (X/Y), and/or 11q13 rear-
rangement (gene CCND1) or normal karyotype. Recent study of 130 RO
identified three classes of mutually exclusive cytogenetic categories in
RO: Rearrangement 11q13 — CCND] gene, loss of chromosome 1 and/or
losses of Y in males and X in females and divergent types of chromosome
abnormalities. The authors raised hypothesis that cytogenetic categories
may have different roles in initiation and/or progression of the disease
[19]. Cytogenetic study in our cases also showed features overlapping
with RO (similar to Lefevre’s study [28]). Based on our findings, it seems
that extensive sampling of the tumor, aiming to identify papillae with
foam cells, is more effective than utilizing expensive genetic testing [9].

Papillary architecture can rarely be seen in chromophobe RCC, but
characteristic cytologic features such as so-called raisinoid nuclei and
perinuclear clearing, as well as combination of large leaf-like cells and
smaller eosinophilic cells can help to establish correct diagnosis [20].
So-called low-grade oncocytic tumor (LOT), and so-called eosinophilic
vacuolated tumor are solid tumors, without papillation or well-formed
papillae. Both tumors can be easily ruled out using basic morphologic
features [14,21].

As previously mentioned, both the primary tumor and the recurrence
of one of the cases (case 15) was diffusely reactive for CK20 (with var-
iable intensity). Similar pattern was also documented in another pri-
mary tumor in our study. The former case was grouped as “PRCC with
oncocytic cells and RO-like CNV” group, while the recurrence and the
latter case were listed in group of “PRCC with oncocytic cells and gains
of chromosomes 7 and 17". It is important to note that CK20 positivity
can be seen in up to 85% of eosinophilic solid and cystic RCC (ESC)
RCCs. In our study, CK20 positive cases did show neither solid and cystic
architectures, nor voluminous eosinophilic cytoplasm with cytoplasmic
stippling, which is typical in ESC RCCs. CNV pattern for ESC is also
different, with no polysomy of chromosomes 7 and 17 being reported
[22].

Our findings clearly showed that tumers grouped under umbrella
term “OPRCC” forms a heterogeneous group of renal tumors. Although
they all share papillary/tubulopapillary architecture with oncocytic
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Table 10
GROUP 3: PRCC with oncocytic cells and with variable CNV - morphelogic study.
CASE Partern of growth Cytoplasm Grade ISUP/WHO  Pseudostratification  Calcification (C), necrosis Macrophages
Presence of Prezence of other (N), hemosiderin (HEM),
B hemorrhage (HEMOR)
papillary SIIUCTUTes
structures
CASE Predominantly Tubular, eystic Granular, abundant, 3, granular No HEM + +
30 eosinophilic chromarin
CASE Only granular, abundant, 3 Present Not present Not present
31 eosinophilic, eylindrical
cells
CASE Papillary Granular, eosinophilic, 2, granular Present focally Not present Not present
32 compressed, cuboidal to cylindrical chromatin
focally to “solid” cells
CASE Only Granular, eosinophilic, 2, granular No HEM + (occasionally fine Not present
33 cuboidal cells chromarin pigmentarion in the stalks)
CASE Only, focally Abundant, granular, 2, nuclei centally  No Not present Not present
34 compressed eosinophilic, cubeidal to located
cylindrical cells
CASE Only Granular, abundant, 3, granular Present focally C + (psammomatous), Not present
35 eosinophilic, apically chromatin, HEM + (prominent
slightly granular and luminal granular disperse)
inophilic “globules™, los ion of
cylindrical cells nuclei
CASE Pred 1y Tubulopapillary Granular, eosinophilic, 3, optically No HEM + (prominent Not present
36 focally clear cell changes, empty, nuclei granular disperse), N +,
cuboidal cells centrally located HEMOR +
CASE Only Granular, eosinophilic, 2, granular No N +, HEM + (fine), bloody + (collections of
37 cuboidal cells chromatin, nuclei lakes foamy
centrally located macrophages)
CASE Only Granular, abundant, 2, nuclei centrally No Not present + (collections of
35 eosinophilic located foamy
macrophages)

BM basal membrane, + present.

Fig. 5. Some tumors contained voluminous foam cell deposits (e.g. case from
group 3: PRCC with oncocytic cells and with variable CNV).

cells, immunochistochemical and molecular genetic profiles are variable.
Cytogenetic changes may be similar to RO at one end of the spectrum or
identical to typical PRCC “type 1" at the other end. Unfortunately, as
broad is the genetic profile, as variable biologic behavior and prognosis
would be. In this study, 4/26 cases (15.4%) showed aggressive clinical
course. Two cases with stage pT1b (first case was part of PRCC with
oncocytic cells and CNV equal to renal oncocytoma and second case was
part of PRCC with oncocytic cells and gains of chromosomes 7 and 17)
developed aggressive clinical course. The two other cases with stage
pT3a also developed metastatic aggressive disease; both were in group 3
“PRCC with oncocytic cells and variable CNV”. Abnormalities in CCND 1
gene did not have impact on biologic behavior either.

Our findings suggest that using molecular testing in diagnosing PRCC
with oncocytic cells can be potentially misleading, as the majority of
such cases show cytogenetic features consistent with the diagnosis of
RO. We would also not recommend using cytogenetic analysis in limited
material (i.e., core biopsy) to establish the diagnosis as this can be
misleading. However, in tumors composed of oncocytic cells but with
debatable architecture (i.e.,
solid), all available diagnostic modalities should be appropriately uti-
lized. Nonetheless, we recommend generous sampling of surgical

pillary, tubulopapillary and compressed/

Table 11
GROUP 3: PRCC with oncocytic cells and with variable CNV — immunohistochemistry.
CASE MIA CKE7 CE20 CD117 TFE3 Melan A HME45 AMACR VIM Cyclin D] GATA3 CANH
CASE 30 ++ +++ - - - - - +++ +Ht 5C+ NA NA
CASE 31 ++ Foc. ++ - - - - - +++ ++ Foc. + - -
CASE 32 o+ - - - - - - +4+ ++ Foc. + - -
CASE 33 i+ - - - - - - NA Foc. + Foc. ++ - -
CASE 34 4 - - - - - - ++ +t Foc. ++ - -
CASE 35 ++ +++ - - - - - +++ Foc. +++ Foc. ++ - Foc. +++
CASE 36 ++ + 5C - - - - - +++ ot Foc. +++ - -
CASE 37 ++ +++ - - - - - +++ Foc. ++ -+ - Foc. +++
CASE 38 ++ Foc. ++ - - - - - +++ +Ht + - Foc. ++

— negative, + weak positivity, ++ moderate positivity, +++ strong pesitivity, Foc. focally (up to 50%), SC single cells.
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Table 12
GROUP 3: PRCC with oncocytic cells and with variable CNV — cytogenetic study.
CASE Del 1p36  Enumeration 1 BA BCLI Enumeration BCL1 Enumeration?  Enumeration Enumeration XY SWIFT
(CCND1) (CCND1) 14 17 KRAS
CASE Negative Negarive Negative Negative Loss Negartive Loss Negarive NP
30
CASE Negative MNegative Negative Negative Negative MNegative Gain Loss ¥ NP
31
CASE Present Negative Negative MNegative Negative MNegative Loss Loss ¥ NP
32
CASE Negative Negative Negative Negative Negative Negative Loss Negative NP
33
CASE Negative Negarive Negative Negative Negarive Negartive Loss Loss Y Negative
34
CASE Negative Negative Negative Negative Negative Negative Loss Negative NP
35
CASE Negative Negative Negative MNegative Gain MNegative Loss Negative NP
36
CASE Negative Negative Negative Negative Negative Negative Gain Loss Y NP
37
CASE Negative MNegative Negative Negative Gain MNegative Negative Loss ¥ Negative
36
NA not available, NP not performed.
specimen since it seems to be the most reliable method in rendering an [7] Petersson F, Gatalica Z, Grossmann P, Perez Montiel MD, Alvarade Cabrero I,

accurate diagnosis. For clinical practice and patient management, it is
reasonable to potentially “overcall” RO as PRCC than the opposite.

5. Conclusions

Nearly 16 years after the initial description of so-called “OPRCC” and
many published and unpublished discussions, “OPRCC” still remains a
controversial group of renal carcinomas. With the exception of so-called
PRCC with reverse polarity, which seems to be a relatively uniform,
compact and well-defined tumeor, the vast majority of RCC with papil-
lary/tubulopapillary architecture and oncocytic cells are highly variable
in aspects of biologic behavior, morphology, and molecular-genetic
features. However, within genitourinary tumors classification this is
not an exception. For example, testicular Sertoli cell tumors, NOS share
even broader morphologic, immunohistochemical and genetic hetero-
geneity [3]. Based on our results and existing published data, we would
not recommend using the term “OPRCC” as a distinct diagnostic
category.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.anndiagpath.2021.151734.
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3.3 Expanding the morphologic spectrum of chromophobe renal cell carcinoma: A
study of 8 cases with papillary architecture.

Papillary architecture is unfrequently seen in chromophobe renal cell carcinoma
(ChRCC). In the presented study, we collected series of 8 RCC with prominent papillary
growth pattern to describe clinicopathological, immunohistochemical and molecular features
of this rare variant, as well as broad differential diagnosis.

Patients were 3 males and 5 females, with age ranging from 30 to 84 years. Tumor
size ranged from 2 to 14 cm. Follow-up was available for 7 of 8 patients (from 1 to 61 months
in duration). Six patients were alive with no recurrent disease, one died of the disease. By
morphology, extent of papillary architecture ranged from 15 to 100%. All tumours showed
classic ChRCC features with dual population of cells: leaf-like cells with abundant pale
cytoplasm and smaller, eosinophilic cells. Typical wrinkled, rasinoid nuclei and perinuclear
halos were readily seen. Sarcomatoid transformation was present only in the case with fatal
outcome. Immunohistochemically, all tumours were positive for CK7, CD117 and Hale's
Colloidal Iron. Staining for PAX8, TFE3 and Cathepsin K showed variable results. All cases
were negative for vimentin, AMACR and HMB45. Fumarate hydratase staining was retained
in all tested cases. The proliferative activity was low. Three tumours were suitable for array
Comparative Genomic Hybridisation (aCGH), which in an all cases showed a variable copy
number variation profile, with multiple chromosomal gains and losses.

ChRCC has a favourable prognosis when compared to CCRCC or PRCC. Even
though limited number of cases included in our study, it appears that the presence of papillary
architecture rather does not influence indolent clinical course of ChRCC. Awareness of this
particular pattern is important as differential diagnosis includes a broad spectrum of RCCs
with papillary architecture and adverse prognosis (i.e., TFE3-rearranged RCC, FH-deficient
RCC). Careful tumour sampling to find classic morphology of ChRCC as well as low
threshold to apply immunohistochemistry (i.e. FH) are critical to arrive at the correct
conclusions/diagnosis.
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ARTICLEINFO ABSTRACT

Keywords: Although typically arranged In solid alveolar fashion, chromophobe renal cell carcinoma (RCC) may also show several
Chromophabe renal cell carcinoma other architectural growth patterns. We Include in this series 8 chromophobe RCC cases with prominent papillary
Papillary growth, a pattern very rarely reported or only mentioned as a feature of chromophobe RCC, which is lacking wider
Immunohistochemistry recognition The differential diagnosis of such cases significantly varies from the typical chromophobe RCC with its

Copy number variation

NV usual morphology, particularly its distinction from papillary RCC and other relevant and clinically important entitles.

Of 972 chromophobe RCCs In our files, we identified 8 chromophobe RCCs with paplllary growth. We per-
formed Immunohistochemistry and array Comparative Genomic Hybridisation (aCGH) to Investigate for possible
chromosomal aberrations.

Patlents were 3 males and 5 females with age ranging from 30 to 84 years (mean 57.5, median 60 years). Tumor size
was variable and ranged from 2 to 14 cm (mean 7.5, median 6.6 cm). Follow-up was avallable for 7 of 8 patients,
ranging from 1 to 61 months (mean 20.1, median 12 months). Six patlents were alive with no signs of aggressive
behavior, and one died of the disease. Histologically, all cases were composed of dual cell population consisting of
variable proportions of leaf-like cells with pale cytoplasm and eosinophilic cells. The extent of papillary component
ranged from 15 to 100% of the tumor volume (mean 51%, median 50%). Sarcomatold differentiation was Identified only
In the case with fatal outcome. Immunohistochemically, all tumors were positive for CK7, CD117 and Hale's Colloidal
Tron. PAX8 was positive In 5 of 8 cases, TFE3 was focally positive 3 of 8 tumors, and Cathepsin K was focally positive In 2
of 8 tumors. All cases were negatlve for vimentin, AMACR and HMB45. Fumarate hydratase staining was retained in all
tested cases. The proliferative activity was low (up to 1% in 7, up to 5% In one case). Three cases were successfully
analyzed by aCGH and all showed a variable copy number variation profile with multiple chromosomal galns and losses.
Conclusions: Chromophobe RCC demonstrating papillary architecture is an exceptionally rare carcinoma. The
dlagnosis can be challenging, although the cytologlc features are consistent with the classic chromophobe RCC.
Glven the prognostic and therapeutic implications of accurately diagnosis other RCCs with papillary architecture
(l.e., Xp11.2 translocation RCC, FH-deficlent RCC), it Is cruclal to differentiate these cases from chromophobe
RCC with papillary architecture. Based on this limited series, the presence of papillary architecture does not
appear to have negative prognostic impact. However, its wider recognition may allow in depth studies on ad-
ditlonal examples of this rare morphoelogic variant.

= Corresponding author.
E-mail address: hes@medima.cz (0. Hes).

https://dol.org/10.1016/).anndiagpath.2019.151448

1092-9134/ © 2019 Elsevier Inc. All rights reserved.

48



K. Michalova, et al.

1. Introduction

Chromophobe RCC is an indolent renal neoplasm with specific
morphologic features demonstrated by dual population of pale leaf-like
and eosinophilic cells encountered in various proportions. The cells
have accentuated cellular borders, hyperchromatic wrinkled nuclei and
perinuclear halos. In most cases, chromophobe RCC demonstrates solid-
alveolar growth. Several architectural morphologic patterns (or var-
iants) have also been described, including chromophobe RCC with
pigmented microcystic adenomatoid/multicystic growth [1-4], chro-
mophobe RCC with neurcendocrine differentiation [5-9] and renal
oncocytoma-like variant [10]. In this report, we expand the morpho-
logic spectrum of chromophobe RCC by presenting a cohort of 8 cases
with distinct and prominent papillary architecture. Differential diag-
nosis in such cases encompasses a wide spectrum of neoplasms and is
different than in cases showing typical architectural growth of chro-
mophobe RCC or from other described patterns.

The aim of this study was to improve our understanding of this rare
architectural variant and to discuss its differential diagnosis in the re-
levant context, incorporating the entities where incorrect diagnosis
would have prognostic and therapeutic implications.

2. Materials and methods

The 8 cases of chromophobe RCC with papillary architecture were
identified and selected out of 972 chromophobe RCC documented in the
Plzen tumor registry. The clinical information and follow-up data were
obtained when available. Generally, the cases were collected over a
period of two years (2017-2019). None of the cases included in the
study has been previously reported. Tissues for light microscopy were
formalin fixed and embedded in paraffin using the routine procedure. In
general four to five-um-thick sections were cut from the tissue blocks
and stained with hematoxylin and eosin (H&E) and Hale's colloidal
iron. When possible, the same tissue block from each case was used for
the immunohistochemical (IHC) study and for the genetic analysis.

2.1. Immunohistochemistry

The IHC analysis was performed using a Ventana BenchMark
ULTRA (Ventana Medical System, Inc., Tucson, Arizona). The following
primary antibodies were used: CK7 (monoclonal, OV-TL12/30, 1:200,
Dako, Glostrup, Denmark), CD117 (polyclonal, 1:800, Dako), vimentin
(monoclonal, V9, RTU, Ventana Medical System, Inc., Tucson, Arizona),
PAX8 (monoclonal, MRQ-50, RTU, Ventana Medical System, Inc.),
AMACR (monoclonal, 13H4, RTU, Dako), Ki-67 (monoclonal, MIB-1,
1:400, Dako), TFE3 (monoclonal, MRQ-37, RTU, Ventana Medical
System, Inc.), HMB45 (monoclonal, HMB45, 1:400, Ventana Medical
System, Inc.), Cathepsin K (monoclonal, 3F9, 1:100, Abcam,
Cambridge, UK), Fumarate hydratase (FH) (monoclonal, J-13, 1:3000,
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Santa Cruz, Wien, Austria). The primary antibodies were visualized
using either alkaline phosphatase or peroxidase-based detecting sys-
tems (both from Ventana Medical System, Inc.).

2.2. DNA extraction

Representative tumor areas from the formalin-fixed paraffin-em-
bedded (FFPE) samples were marked using H&E slides and were macro
dissected. DNA from FFPE tumor tissue was extracted using
QlAsymphony DNA Mini Kit (Qiagen, Hilden, Germany) on an auto-
mated extraction system (QIAsymphony SP; Qiagen) according to the
manufacturer's supplementary protocol for FFPE samples. The con-
centration and the purity of the isolated DNA were measured using
NanoDrop ND-1000 and DNA integrity was examined by amplification
of control genes in a multiplex polymerase chain reaction (PCR).

2.3. Low pass whole genome sequencing

SurePlex DNA amplification system (Illumina, San Diego, CA) was
used to generate DNA templates of tumor samples. DNA amplification
in this setting is highly representative, which allows the resulting pro-
duct to be suitable for copy number variation (CNV) detection. The
library of all samples was prepared using Nextera DNA Sample Prep Kit
(Illumina, San Diego, CA) using MiSeq sequencer. CNV analysis was
performed using BlueFuse Multi software with the Veriseq plugin
(Illumina, San Diego, CA). Following quality control filters for valid
samples were set at a minimum 1 million reads per sample, with
average quality score and average alignment score > 30, and overall
noise = 0.3. Thresholds for CNV calling were set based on the group of
samples with known CNV that were validated using array comparative
genomic hybridisation (aCGH) and fluorescence in-situ hybridization
(FISH). The percentage of tumor in the DNA sample was considered
when calling the lower frequency CNVs. Thresholds for CNVs were set
individually for each case, typically with the copy number of 1.5 for
loss and 2.5 for gain. CNVs spanning less than the whole length of a
chromosomal arm were not called. FISH was also used for confirmation
of the three analyzable cases, as previously described [11] (results not
shown). Aberrations on gonosomes were excluded from the results.
CNV detection using low pass whole genome sequencing was shown to
produce similar and comparable results as in the fresh frozen tissue
[12].

3. Results
3.1. Clinicopathologic features
The clinicopathologic characteristics are summarized in Table 1.

There were 3 males and 5 females with the age range (at the time of
diagnosis) from 30 to 84 years (mean 57.5, median 60 years). Follow-up

Table 1

Clinical features and morphology.
Case  Age (years) Sex Size {cm)®  TNM, AJCC 2017 Follow-up (months) Morphology

Papillary (%) Adenomatous (%) Solid (%) Microcalcif Pigment Necrosis

1 5& M 12 pT3a, pNx AND 12 100 0 0 Yes No Yes
2 39 M 3 pTla, pNx AND 48 15 85 1] No Yes No
3 75 F 2 pTla, pNx AND 2 15 70 15 No Yes No
4 B4 F 13 pT3a, pN1 DOD 3 20 0 30° No No No
5 67 M 9.6 pT3a, pNx NA 30 20 1] No No Yes
6 65 F a5 pTla, pNx AND 14 40 60 0 No No No
7 30 F 14 pT2b, pNx AND 61 80 20 0 No Yes No
8 45 F 29 pTla, pNx AND 1 50 10 10 Yes Yes No

M: male; F: female; AND: alive no evidence of disease; NA: not available; DOD: death of disease; Microcalcif: microcalcification

# Greatest dimension
" Sarcomatoid dedifferentiation.
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was available for 7 patients and ranged from 1 to 61 months (mean
20.1, median 12 months). Six patients were alive with no evidence of
disease progression, while 1 died of the disease 3 months after the
surgery. There was no association with Birt-Hogg-Dubé syndrome in
any patient. Three patients presented with pT3a stage, 1 with pT2b and
4 with pTla.

Tumor size showed a broad range from 2 to 14 cm (mean 7.5,
median 6.6). Tumors were described as solid, solid-cystic with focal
hemorrhages on gross examination (Fig. 1). Histologically, the tumors
were arranged in papillary, adenomatoid and solid structures. The ex-
tent of papillary component ranged from 15% to 100% of the tumor
volume (mean 51%, median 50%) (Fig. 2). The papillae contained de-
licate fibrovascular cores without foamy histiocytes (Fig. 3). All cases
consisted of two cell populations of pale leaf-like and eosinophilic cells
that were represented in variable proportions. Typical raisinoid nuclei
were present in all cases (Fig. 4).

Cytologically, the cells in the papillary structures did not differ from
those found in the other areas showing a typical chromophobe RCC
morphology. Case 2 was predominantly composed of eosinophilic on-
cocytic cells with mostly centrally located, round nuclei. In this case,
raisinoid nuclei (without halos) as well as rounded nuclei with peri-
nuclear halos were identified only at the periphery of the tumor.
Amorphous rough microcalcifications and/or psammoma bodies and
extracellular dark brown pigment (lipofuscin and/or hemosiderin) were
also occasionally found (for details see Table 1) (Fig. 5). Sarcomatoid
differentiation involving about 50% of the tumor was present in Case 4.

3.2. Immunohistochemical and histochemical features

The results are summarized in Table 2. All tumors were positive for
CK7 (Fig. 6), CD117 (Fig. 7), and Hale's colloidal iron. PAX8 was po-
sitive in 7 of 8 cases. TFE3 was focally positive in 3 of 8 tumors. All
cases were negative for vimentin, AMACR, Cathepsin K and HMB45. FH
staining was retained in all evalauted cases. The proliferative activity
was low with Ki-67 proliferative index of 1% in 7 tumors and 5% in the
remaining case.

3.3. Chromosomal aneuploidy study

The results are summarized in Table 2. Three cases included in the
current study were analyzable. Case 3 revealed loss of chromosome
1p36.33-p36.22, —9q21.11-q34.3, Case 4 showed gains of chromo-
somes 4, 5, 7, 12, 14, 15q11.2 - q25.3, 18, 19, 20 and 22 and Case 7
showed losses of chromosomes 1, 2, 6, 10 and 17.

4. Discussion

Papillary architecture can occur in a broad spectrum of renal tumors
and is by no means specific for papillary RCC. In fact, the papillary
morphology represents one of the most common architectural config-
urations encountered in renal neoplasms. Prominent papillary pattern is
however not widely recognized as a morphological feature of chro-
mophobe RCC [13,14]. Papillary arrangement as a focal feature in these
tumors has been only rarely mentioned in the literature [13,15-17]. To
our best knowledge, only 1 chromophobe RCC with predominant pa-
pillary morphology has been documented [17]. This case was reported
in one of the largest series of chromophobe RCC published to date,
comprising 145 cases [17], and was therefore not discussed in detail.
The 8 cases included in this study exhibited a prominent papillary ar-
chitecture, representing 15% to 100% of the tumor volume. The other
architectural patterns observed in these cases were tubulary to cribri-
form, and solid. The diagnosis of chromophobe RCC was based on the
typical cytological features, i.e. on a combination of enlarged pale and
leaf-like cells and smaller population of eosinophilic cells. In all cases,
raisinoid nuclei and perinuclear clearing were identified. Case 2 ex-
hibited similar features to oncocytic chromophobe RCC, another rare
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variant [10]. Nuclear features typical for chromophobe RCC were
identified only at the periphery of this case. Immunophenotype,
showing positivity with CK7, CD117, Hale, low Ki-67 index and nega-
tivity with vimentin, was also consistent with chromophobe RCC.
Uniformly negative staining with AMACR also argued against the di-
agnosis of papillary RCC. The cytogenetic features further supported
our diagnosis, as multiple chromosomal losses and gains pathogno-
monic for chromophobe RCC [18-23] were detected in all 3 analyzable
cases.

It has been hypothesized that certain morphological features of
chromophobe RCC may influence its otherwise indolent clinical course.
Neuroendocrine differentiation may occur as the result of dediffer-
entiation with a potentially negative impact on prognosis [5-7,9]. In
our series, Case 4 behaved aggressively and the patient succumbed to
the disease 3 months after the surgery. In addition to papillary ar-
rangement, this case also showed sarcomatoid differentiation. Its pre-
sence in chromophobe RCC worsens its prognosis by reducing 10-year
cancer specific survival rate from 90% to 27% [24,25]. According to
one of the largest series on sarcomatoid chromophobe RCC, the mean
percentage of tumor showing sarcomatoid differentiation was 67%
[26]. Therefore, it is most likely that the aggressive clinical behavior in
Case 4 was owing to the presence of sarcomatoid transformation, which
comprised about 50% of the tumor, rather than by the papillary com-
ponent. The remaining 7 cases lacked sarcomatoid areas and all 6 with
available clinical information had an indolent clinical course.

The differential diagnostic work-up should be primarily based on
the careful cytomorphologic evaluation. Tumors composed mainly of
pale cells may be misdiagnosed as papillary RCC with clear cell change,
clear cell RCC, or as Xp11.2 translocation RCC. The presence of char-
acteristic cytomorphologic features of chromophobe RCC is however
sufficient to make or to strongly suggest the correct diagnosis in most
cases.

Papillary RCC can occasionally demonstrate clear cell change [27-
301, which is probably caused by the phagocytic activity of the carci-
noma cells or by the local microenviroment [29]. This phenomenon is
illustrated by the tendency of clear cells to cluster in the vicinity of
areas of necrosis and hemorrhage. However, no such zonal distribution
was observed in any of the cases in the current series. Psammoma
bodies can be also seen in both tumor types, but other structures typical
of papillary RCC, such as aggregates of foamy macrophages and cho-
lesterol clefts were not observed in this case series. In contrary to
chromophobe RCC, papillary RCC typically stains with AMACR and
vimentin. As multiple chromosomal imbalances including chromosomal
losses and gains may be found in both papillary [22,31-33] and

Fig. 1. The tumors were solld or solid-cystic with focal hemorrhages on gross
section.
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s

Fig. 2. The tumors were arranged In papillary, adenomatold and solid struc-
tures.

Fig. 3. The papillae contained delicate fibrovascular cores lined by large pale
epithelial cells and smaller eosinophilic epithelial cells.

chromophobe RCC, the results of the cytogenetic analyses should al-
ways be correlated with the morphologic and immunchistochemical
features.

Papillary structures can also rarely occur in low-grade clear cell RCC
[27-29,34-36]. Apart from the differences in the cytomorphology, the
vascular pattern in clear cell RCC may offer a helpful diagnostic clue.
Pseudoacinar and fascicular patterns are more common in clear cell
RCC, whereas reticular pattern is more often present in chromophobe
RCC [37]. Likewise, vimentin reactivity and an absence of reactivity for
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Fig. 4. Typical raisinoid nuclei were prominent and present in all cases.

4 _
Fig. 5. Amorphous rough microcalcifications, psammoma bodies, and lipo-
chrome were found in several cases.

CD117 are uniformly present in clear cell RCC, but are typically not
found in chromophobe RCC. In contrast to the traditional view that
clear cell RCC are CK7 negative, CK 7 positivity can be often found in
the low-grade clear cell RCC [38]. Although CK7 can be strongly po-
sitive in such cases, it is invariably focal, in contrast to the strong and
diffuse positivity found in chromophobe RCC. In addition, cytogenetic
methods for detection of VHL mutation, VHL hypermethylation or LOH
3p may also help to establish the diagnosis of clear cell RCC in equi-
vocal cases.

It has become evident that Xp11.2 translocation RCC represents a
morphologically heterogeneous group of tumors [39]. Histological
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Table 2
Results of immunchistochemical and molecular genetic analysis.
Case CK7  CD117 vim PAX8 AMACR Ki-67 TFE3 HMB45 Hale's cathK FH aCGH
3 +++ +++ -+ — 1% - - +++ - +++ NA
2 +4+4+ + - +4++ - 1% foc ++ — +++ - +++ NA
3 +++ + 4+ - 44+ - 1% - - +++ - +++ —1p36.33-p36.22, —9q21.11-q34.3.
4 +++ + 4+ - - - 5%  foc ++ — +++ - +++ +4, +5, +7, +12, +14, +15q11.2-925.3, +18, +19, +20, +22.
5 +++  + - foc+ - 1% - - +++ - NP NP
[3 +++ o+ -+ - 1% - - +++ - +++ NA
2 ++4+ 4+ -+ - 1% - - +++ - +++ -1,-2 -6, -10, -17
8 ++4+ +++ - ++4+ = 1% foc + - ++ - +++ NA

vim: vimentin; cath K: cathepsin K; FH: fumarat hydratase; foc:focal aCGH: array Comparative Genomic Hybridizatlon; NP: not performed; NA: not analyzable.

features similar to the cases described in this series may theoretically
observed only in a subset of Xp11.2 translocation RCCs demonstrating
an ASPL-TFE3 fusion. These tumors are characterized by papillary and
nested structures, lined by epithelioid clear and eosinophilic cells, often
intermingled with psammoma bodies. Although the positive immune
reaction for TFE3 is considered relatively specific for Xp11.2 translo-
cation RCC, frequent false positive (or negative) results are well docu-
mented [40]. TFE3 was focally positive in 3 of the cases in this series,
while the remaining 5 were negative. The fraction of positive neoplastic
cells was however typically below 20% and can be considered as non-
specific. FISH analysis for further confirmation was not performed.
Cathepsin K is another widely used marker in the diagnosis of the
translocation RCC, but its expression depends on the type of TFE3 fu-
sion partner. ASPL-TFE3 RCC is typically negative for Cathepsin K,
which has no discriminatory value in this situation [41,42]. In our
series, Cathepsin K was negative in all cases. The key diagnostic test in
this setting relies on the use of break-apart FISH or RT-PCR, which are
necessary for diagnostic confirmation of Xp11.2 translocation RCC.
Case 2 was predominantly eosinophilic, resembling an oncocytic
papillary RCC, which is a malignant renal tumor characterized by pa-
pillary structures lined by eosinophilic (oncocytic) cells with rounded,
low-grade nuclei, lacking perinuclear clearing [43,44]. The nuclei in
Case 2 closely resembled those found in oncocytic papillary RCC.
However, after closer evaluation, cells with raisinoid nuclei (without
halo) and rounded nuclei encircled by halos were identified at the
periphery of the neoplasm. Scattered foci of foamy macrophages, ty-
pical of oncocytic papillary RCC, can serve as another useful dis-
criminatory feature and no such features were documented in this case.
Comparison of immunoprofile of papillary and chromophobe RCC was
already discussed. The cytogenetic data available on the oncocytic

Fig. 7. All cases were positive for CD117; staining pattern was predominantly
membranous.

papillary RCC are somewhat inconsistent, and some indicate cytoge-
netic similarities to type 1 papillary RCC (demonstrating polysomy of
chromosomes 7, 17 and loss of Y), whereas other cases were docu-
mented with diploid status of 7, 17 and Y or even diploid status of all
chromosomes [45]. In the current study, Case 2 was cytogenetically not
analyzable.

Fumarate hydratase (FH)-deficient RCC often demonstrates papil-
lary architecture with large cells containing abundant eosinophilic

Fig. 6. Strong diffuse positivity was found for CK7 In all cases.
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cytoplasm. The typical finding includes large viral-like nucleoli [46],
which were not seen in our cases. Another helpful morphologic feature
can be the detection of multiple architectural patterns in FH-deficient
RCC [47]. The overall high-grade morphology and an advanced pa-
thologic stage at the time of diagnosis underscore the aggressiveness of
FH-deficient RCC and with the IHC loss of FH and the overexpression of
S-(2-succino)-cysteine can help in this differential scenario. In all
evaluated cases in this study, the FH staining was retained. The de-
tection of the FH gene mutation on chromosome 1q42.3-q43 can also
confirm the diagnosis.

In summary, we expand the morphologic spectrum of chromophobe
RCC by presenting 8 cases demonstrating a prominent papillary archi-
tecture, which is a feature exceptionally rarely documented in these
neoplasms. Although our study is limited, it seems that the presence of
papillary architecture does not affect the indolent clinical course of
chromophobe RCC. In contrast to chromophobe RCC demonstrating
classic architecture, the presence of prominent papillary structures in
this tumor alters the list of entities that should be considered in the
differential diagnosis. It is therefore important to distinguish chromo-
phobe RCC with papillary features in particular from the biologically
aggressive entities, such as FH-deficient RCC or Xp11.2 translocation
RCC. The correct diagnosis in this setting can usually be rendered or
strongly suggested by identifying the typical cytomorphology of chro-
mophobe RCC.
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3.4 Small cell variant of chromophobe renal cell carcinoma: Clinicopathologic and
molecular-genetic analysis of 10 cases.

Solid-alveolar architecture is most typically present in classic or eosinophilic ChRCC.
Less common morphologic variants include: adenomatoid-pigmented ChRCC, ChRCC with
neuroendocrine differentiation (or with neuroendocrine-like differentiation), oncocytic
ChRCC, multicystic ChRCC, and ChRCC with papillary architecture. In this study we
assessed clinicopathologic, morphologic, immunohistochemical, and molecular features of
ChRCC containing considerable amount of small cells.

Tumour including criteria were 10% cut-off for the small-cell component and absence
of true neuroendocrine differentiation (which was confirmed by the negative immu-
nohistochemical staining for synaptophysin, chromogranin, and CD56). The patients’ age
ranged from 40 to 78 years, with five males and five females. Stage of disease ranged from
pTla to pT3a. Follow up was available in nine cases, ranging from 24 to 73 months. Eight
patients were reported with no disease progression. One patient was diagnosed with
concurrent pancreatic carcinoma at stage pT3a and died due to widespread metastatic disease
following surgery and treatment. Tumour size ranged from 2.2 cm to 11 cm in the greatest
dimension. All tumours were well demarcated and non-encapsulated. By microscopy, extent
of small-cell component ranged from 10% to 80% of the tumour volume and it was
characterised by cells with scant cytoplasm, round to oval, frequently overlapping nuclei with
non-conspicuous nucleoli. Small cell component was arranged in nested, tubular, or palisaded
pattern. In most cases, the distribution of small cell component was multifocal with a gradual
transition from classic ChRCC to the small cell area, with an exception to one case, where the
transition was abrupt. None of the cases showed sarcomatoid transformation or necrosis.
Immunohistochemically, CK7 showed similar staining pattern in both - classic and small cell
component, however in one case it was more extensive in classic comparing to small cell
component. CD117 showed analogous results with an exception to aforementioned case
where staining was limited to classic ChRCC component only. Five cases were suitable for
NGS. Mutations of 13 genes were found (DICERI, FGFR3, JAK3, SUFO, FAM46C,
FANCG, MET, PLCG2, APC, POLE, EPICAM, MUTYH, and AR). However, only the PLCG2
mutation was listed as pathogenic. No mutations of FLCN, VHL, SDH, TSCI, TSC2, and
MTOR were documented. Seven cases were suitable for TERT hot spot analysis. Two tumours
carried TERT mutation in position 228 (chr5:1295228 C>T).

Awareness of this rare variant of ChRCC is important, particularly when assessing
limited material where small cell morphology rise possibility of highly aggressive cancers.
Generous sampling to find classic morphology of ChRCC, as well as excluding
neuroendocrine nature by immunohistochemistry, may help resolve difficult cases.
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Joanna Rogala'?, Fumiyoshi Kojima?, Reza Alaghehbandan®, Nikola Ptakova® Ana Bravc®,
Stela Bulimbasic’, Delia M. Perez Montiel®?, Maryna Slisarenko'®, Leila Ali'°, Levente Kuthi'?,
Kristyna Pivovarcikova!, Kvétoslava Michalova', Boris Bartovic'?, Adriena Bartos Vesela®3,
Olga Dolejsova’?, Michal Michal', Ondrej Hes'

ABSTRACT

The morphologic diversity of chromophobe renal cell carcinoma (ChRCC) is well-known. Aside from typical morphology, pigmented adenomatoid,
multicystic, and papillary patterns have been described. Ten cases of CHRCC composed of small-cell population in various percentages were analyzed,
using morphologic parameters, immunohistochemistry, and next-generation sequencing testing. Patients were five males and five females, with age
ranging from 40 to 78 years. The size of tumors ranged from 2.2 em to 11 em (mean 5.17 em). Small-cell component comprised 10 to $o% of the tumor
volume, while the remaining was formed by cells with classic ChRCC morphology. The immunohistochemical profile of the small-cell component was
consistent with typical ChRCC immunophenotype, with CD117 and CK7 positivity. Neuroendocrine markers were negative. Mutations of 13 genes
were found: DCIER:, FGFR3, JAK3, SUFO, FAM46C, FANCG, MET, PLCGz, APC, POLE, EPICAM, MUTYH, and AR. However, only the PLCG2
mutation is considered pathogenic. The small-cell variant of ChRCC further highlights and expands on existing morphologic heterogeneity spectrum.
Recognitionof small-cell variant of CHRCC is not problematic in tumors, where the “classic” CHRCC component is present. However, in limited mate-
rial (ie, core biopsy), this may present a diagnostic challenge. Based on the limited follow-up data available, it appears that the small-cell tumor com-
ponent had no impact on prognosis, since there was no aggressive behavior documented. Awareness of this unusual pattern and applying additional

sections to find classic morphology of ChRCC, as well as excluding neuroendocrine nature by immunohistochemistry, may help resolve difficult cases.

KEYWORDS: Kidney; chromophobe renal cell carcinoma; small-cell variant
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cell carcinoma (ChRCC) have been reported since Thoenes
and Storkel [1,2] first described it. Cases with morphology
that differs from the typical solid-alveolar architecture seen in
classic or eosinophilic ChRCC have been well-documented
in the literature, including adenomatoid pigmented ChRCC,
ChRCC with neuroendocrine differentiation (or with neuro-
endocrine-like differentiation), oncocytic ChRCC, multicystic
ChRCC, and ChRCC with papillary architecture [3-9].

The small-cell variant of renal oncocytoma (RO) is a well-de-
fined morphologic subtype of a common renal tumor [10-12]. In
addition, ChRCCand RO are thought to be closely related tumors
derived from the intercalated cells. However, small-cell variant of
ChRCC hasnot been described. We selected a group of ChRCCs
with a small-cell component forming from 10 to 80% of the tumor
volume. Clinicopathologic, morphologic, immunohistochemical,
and molecular genetic analysis of 10 cases were performed.

MATERIALS AND METHODS

The database of Tumor Registry in Plzen was searched for
keywords: Kidney; oncocytoma; and chromophobe. A total
number of 2067 tumors were retrieved. All ChRCCs with
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“classic” morphology, as well as the eosinophilic variants, were
excluded. Since no case from the RO cohort was reclassified
as a small-cell variant of ChRCC, all ROs were excluded. All
ChRCC with so-called variant histology were re-evaluated.
We particularly focused on cases with true neuroendocrine
differentiation, which were excluded after the initial immu-
nohistochemical staining for synaptophysin, chromogranin,
and CDse (see later for details). Three cases with strong focal
CDs6 positivity in the small-cell tumor component were also
eliminated from the study. Out of 1002 ChRCC and 075 RO
cases from the Plzen Tumor Registry, 13 cases were found to be
suitable. For the final selection, a 10% cutoff for the small-cell
component was applied. Ultimately, 10 cases were enrolled in
the study. Fach participating institution provided clinical data
and follow-up information. None of the cases included in the
study had ever been reported before. Tissues for microscopic
examination were formalin fixed and paraffin embedded using
standard procedure. Two to 4 pum thick sections were cut and
stained for hematoxylin and eosin. For each case, 1-13 paraffin
blocks were available. All of the tumors were independently
reviewed by three pathologists (JR, FK, and OH).

Immunohistochemistry

The immunohistochemical study was performed using a
Ventana Benchmark XT automated immunostainer (Ventana
Medical System, Inc., Tucson, AZ, USA) on formalin-fixed
paraffin-embedded (FFPE) tissue. The primary antibod-
ies used were as follows: CK7 (OV-TLi2/30, monoclonal,
DakoCytomation, Glostrup, Denmark, 1:200), cytokeratin
20 (M7o019, monoclonal; Dako; 1:100), vimentin (Do, mono-
clonal, NeoMarkers, Westinghouse, CA, 1:1000), CDs6 (1B6,
monoclonal, Leica Biosystems, Newcastle, UK, 1:100), synap-
tophysin (polyclonal, LabVision, Fremont, CA, 1:350), chro-
mogranin A (monoclonal, DAK-A3, DakoCytomation, 1:600),
c-kit (CDu7, polyclonal, DakoCytomation, 1:300), TTF1
(monoclonal, SPT24, Ventana, 1:400), GATA3 (monoclonal,
L50-823, Biocare Medical, Concord, CA, 1:100), NKX3.1 (poly-
clonal, Biocare Medical, 1:50), FLI 1 (monoclonal, MRQ-1, Cell
Marque, Rocklin, CA, 1:50), CDog (monoclonal, HO36-1.1,
Neo Markers, Rockford, 1L, 1:200), WT1 (monoclonal, 6 F-Ha,
DAKO, 1:50), and napsin (polyclonal, Ventana, RTU), Ki-67
(monoclonal, MIB-1, DAKO, 1:400). The primary antibodies
were visualized using a supersensitive streptavidin-biotin-per-
oxidase complex (BioGenex). Internal biotin was blocked
by the standard protocol used by Ventana Benchmark XT
Automated Stainer (hydrogen peroxide based).

Appropriate  positive and negative controls  were
employed. The slides were evaluated as follows: (-) Negative;
(+) <10% positive cells; (+) 10-25% positive cells; (++) >25-50%
positive cells; (+++) >50-75% positive cells; and (++++) >75% of
positive cells.
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Molecular genetic methods

Mutation analysis was performed using the TruSight
Oncology soo assay ([llumina, San Diego, CA). Total nucleic
acid was extracted using the FFPE DNA kit (automated on
RSC 48 Instrument, Promega, Madison, Wisconsin, USA).
Purified DNA was quantified using the Qubit Broad Range
DNA. The quality of DNA was assessed using the FFPE QC
kit (Illumina), and DNA samples having Cq<s were used for
further analysis. After the DNA enzymatic fragmentation
with KAPA Frag Kit (KAPA Biosystems, Washington, MA),
DNA libraries were generated using the TruSight Oncology
500 assay ([llumina), according to the manufacturer’s protocol.

Sequencing was performed using the NextSeq 550 sequencer
{[Mlumina) following the manufacturer’s guidelines. Data analysis
(DNA variant filtering and annotation) was performed using the
Omnomics Next-generation sequencing (NGS) analysis soft-
ware (Euformatics, Finland). The custom variant filter was set
up including only non-synonymous variants with coding conse-
quences, read depth greater than so. Benign variants according
to the ClinVar database were excluded as well [13]. The remain-
ing subset of variants was examined visually, and any apparent
artefactual variants were excluded.

Ethical statement

The study was performed in accordance with the
Declaration of Helsinki. Fthics committee approval was not
required by Charles University and University Hospital Plzen.

RESULTS

Table 1 summarizes the basic clinicopathologic data.
The patients ranged in age from 40 to 78 years old (median
58.5 vears; mean 58.5 vears), with five males and five females.
According to UICC 2017, four patients presented with pTia
stage, one with pT1b, one with pT2a, one with pTzb, and three
with pT3a. Follow-up was provided in nine cases, ranging from
24 to 73 months (mean 50.75 months; median 48 months).
Fight of the patients were alive with no evidence of disease
progression. One patient was diagnosed with concurrent pan-
creatic carcinoma at stage pT'3a and died due to widespread
metastatic disease following surgery and treatment.

Tumor size spanned from 2.2 cm to 11 cm in the greatest
dimension (mean 5.17 cm). Macroscopically, all lesions were
well-demarcated and non-capsulated. On cut section, the
tumorous parenchyma was orange-yellow to brownish in color,
homogeneous, with no grossly visible necrosis. Morphologic
features of the tumors are summarized in Table 2.

Microscopically, all cases had “classic chromophobe” mor-
phology, at least focally. The extent of small-cell component
ranged from 10% to 80% of the tumor volume. The distribution
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of the small-cell component was multifocal with a gradual
transition from classic ChRCC to the small cell area (Figures 1
and 2). In one case (case 2), both components were sharply
demarcated (Figure 3). The architecture in a majority of the
cases was predominantly solid (Figure 4), with small foci,
nested, tubular, or palisaded arrangement in small-cell com-
ponent and solid alveolar in a classic component.

The cells of the classic component were typical, large, with
voluminous cytoplasm and raisinoid nuclei, accompanied
by smaller, eosinophilic cells with perinuclear clearing and
occasional nuclei with irregular contours (Figure 5). Cells in
the small-cell component showed scant cytoplasm, round to
oval, and frequently overlapping nuclei with non-conspicuous
nucleoli (Figure 6). No nuclear grooves or coffee bean patterns
were documented. There were no nuclear grooves or coffee
bean patterns. In both large and small-cell components, no
mitotic figures were found.

In three cases, foci of bizarre cells with large, hyperchro-
matic nuclei similar to those frequently observed in oncocy-
toma (so-called polyploid cells) were present. None of the
cases showed sarcomatoid transformation or necrosis. Results

TABLE 1. Basic clinicopathologic data of ChRCC with small-cell
morphology

Caseno. Sex Age Tumorsize(cm) Stage Follow-up (months)
1 M 65 T5x5.4xd pl3a DUD"
2 M 78 diam. 3.2 plla 24 AW
3 M 61 2.1x22x1.5 pl2b 70 AW
4 F 52 diam. 4.3 plla 36 AW
5 F 71 diam. 26 plla 36 AW
6 F 45 I8 x5 pl2a 73 AW
7 F 56 3.1x22x1.9 pl3a 48 AW
8 M 58 2.8x2.8x2.1 plla 48 AW
9 F 59 10x11=8 pl3a NA

10 M 40 6x4.8x4.5 pllb 71 AW

M: Male, F: Female, AW: Alive without evidence of disease,

diam: Diameter, NA: Not available, DUD: Death of unrelated disease.
*Simultaneously diagnosed with pancreatic adenocarcinoma pT3a,
after surgery, and treatment patient died of metastatic pancreatic
adenocarcinoma

TABLE 2. Morphologic parameters

%of  Architecture . SRR

Case Bizarre  between ’
small-cell of small-cell i : Necrosis MI
cells<5% classic and
area component
small cell

1 80 Alveolar + Gradual - 0/HPF
) 80 Solid®/™ - Abrupt - 0/HPF
3 40 Solid*/** - Gradual - 0/HPF
4 25 Solid** - Gradual - 0/HPF
5 30 Solid + Gradual - 0/HPF
6 20 Solid** - Gradual - 0/HPF
i 20 Solid* - Gradual - 0/HPF
8 30 Solid® - Gradual - 0/HPF
9 20 Solid* - Gradual - 0/HPF
10 10 Solid** + Gradual - 0/HPF

(—) Absent; (+) present; *focal palisading<5% of the tumor, **Focal
tubular pattern<5% of the tumor, MI: Mitotic index
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of immunohistochemical examination are summarized in
Table 3A, 3B. Immunohistochemically, CK 7 staining pattern
in small cell areas was almost identical to the staining pattern
in classic ChRCC areas (Figure 7). In one case (case 9), the clas-
sic component of ChRCC showed diffuse, mosaic positivity,
whereas the small-cell component showed a focal, oncocyto-
ma-like pattern of staining (Figure 8). On cell membranes, CD117
was mostly diffusely positive, with weak to moderate intensity in
both components (Figure o). In one case (case o), CD117 showed

positive staining in the classic ChRCC component only. In both

FIGURE 1. The distribution of the small-cell component was
multifocal, with a gradual transition from classic ChRCC to the
small-cell area in the majority of cases.

L . U <
FIGURE 2. Classic chromophobe cells were intermingled
among a dense population of small-cell component.

FIGURE 3. Case where the both components were sharply
demarcated without transitional zone between both cell types.

www.bjbms.org

58



Joanna Rogala, et al: Chromophobe renal carcinoma analysis
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FIGURE 5. Effect of TDF and TDF-, AgNPS on the prefronlal cor-
tex pyramidal cell. The cells of classic component were typical

with voluminous cytoplasm and raisinoid nuclei.

FIGURE 6. The cells in the small-cell component showed scant
cytoplasm and round to oval nuclei. Mitotic activity was absent.

the classic and small-cell components, all cases were negative
for synaptophysin and chromogranin. CDs6 expressed focal
to patchy, very weak positivity in large cells of the classic com-
ponent in four cases, which was considered non-specific. FLI 1
was positive in one case (case 1) in both the classic and small-
cell component. CK 20, GATA3, NKX 3.1, TTF1, napsin A, WT
1, and CDog were negative in all cases. Ki-67 positivity ranged
from 2 to 20 cells per HPF in both components. NGS analysis
was successful in five cases. Results are summarized in Table 4.
Mutations of 13 genes were found, namely, DCIERL, FGFR3,
JAK3, SUFO, FAM46C, FANCG, MET PLCG2, APC POLE
EPICAM, MUTYH, and AR. However, only the PLCG2 muta-
tion is listed as pathogenic. No mutations of FLCN, VHL, SDH,
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FIGURE 8. In case 9, small-cell component displayed a patchy
pattern of reactivity with CK 7, superficially resembled reactiv-
ity of renal oncocytoma.

FIGURE 9. CDllTIr was posmve in the vast majorlty 01 cases in
diffuse membranous pattern.

TSC1, TSC2, and MTOR were documented. Seven cases were
suitable for TERT hot spot analysis. Two tumors carried TERT
mutation in position 228 (chrs1205228 C-T).

DISCUSSION
ChRCC and RO are considered tumors derived from
so-called intercalated cells of collecting ducts [14,15]. In addi-

tion to acommon cell of origin, they share several morphologic
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TABLE 3A. Results of immunohistochemical examination of small cell ChRCC component

CaseNo  Syn. Chrom. CD56 TTFl NapsinA CK7 CDI117 CK20 GATA3 NKX31 FLII CD99 Vim WTI Ki67

1 b b Fhes # 2-10/hpf
2 FHEE s # 15-20/hpf
3 P # 8-15/hpf
4 e s 4-8/hpf
i e 5-10/hpf
6 ¥ i 1-8/hpf
7 FHEE 1-4/hpf
8 HhEE 4 5-10/hpf
9 N 1-10/hpf
10 e 10-15/hpf

(—) Negative, (%) less than 10% positive cells, (+) 10-25% POSITIVE cells, (++) >25-50% positive cells, (+++) >50-75% positive cells, (++++)
>T75% positive cells, #cytoplasmic positivity, *high background staining, difficult to interpret, hpf: High-power field, Syn: Synaptophysin,

Chrom: Chromogranin, Vim: Vimentin

TABLE 3B. Results of immunohistochemical examination of classic ChRCC component

Caseno. Syn  Chrom CD56 TTF1 NapsinA CK7  CD117 CK20 GATA3 NKX31 FLI1 CD99  Vim WTI Ki67

1 ++ 4 o # 2-10/hpf
2 b # 5-15/hpf
3 * b # 8-15/hpf
4 ‘ I 2-8/hpf

5 b 5-10/hpf
6 /- b 1-5/hpf

7 * ++ 4 1-4/hpt

8 * 4t ++ 5-10/hpf
9 4t ++ 5-10/hpf
10 * Fhbb b 10-15/hpf

(—) Negative, () less than 10% positive cells; (+) 10-25% positive cells; (++) >25-50% positive cells; (+++) >50-75% positive cells (++++) >75%
positive cells; #cytoplasmic positivity, *high background staining, difficult to interpret, hpf: High-power field, Syn: Synaptophysin,

Chrom: Chromogranin, Vim: Vimentin

TABLE 4. Results of next-generation sequencing

CASENO. DICERI TERT FGFR3 JAK3 SUFU FAM46C FANCG MET PLCG2 APC POLE EPCAM  MUTYH AR
2

5

6 I

7

8

9 NA NA NA NA NA NA NA NA NA  NA NA NA NA
10 NA . NA NA NA NA NA NA NA NA  NA NA NA NA

MNA: not analyzible; Coding effect: missense (orange), non-sense (red), TERT (blue).

features. Both tumor types are usually located within the renal
cortex, both well-circumscribed, vet non-encapsulated. In
the gross section, both RO and ChRCC are predominantly
brown, sometimes with a scar that is centrally located in RO,
However, the central scar is not specific for RO and might
be found in other renal tumors as well. Histologically, both
tumors are composed of oncocytic cells, although the mor-
phologic details and immunohistochemical features may dif-
fer. Because of these similarities, several researchers hypoth-
esized that RO might be a potential “chromophobe adenoma”
that could progress to ChRCC [16-18] in a manner similar to
the adenoma-adenocarcinoma sequence in the colorectal
cancer [19]. However, other authors, including the authors of
this study disagree [20].
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The small-cell variant of RO was first described in
2001 [10,21], although the existence of small oncocytic cells,
so-called oncoblasts, was documented and discussed much
earlier [22]. Several papers published afterward [11,23,24] fur-
ther defined the small cell variant of RO.

ChRCC, in its classic form, is described as a solid-alveolar
tumor composed of large leat-like cells and smaller oncocytic
cells. Several morphologic variants, which differed from clas-
sic morphology, were subsequently described in the literature.
As the name indicates, the architecture of the adenomatoid
microcystic pigmented variant comprises microcystic, crib-
riform areas mixed with conventional ChRCC pattern.
Adenomatous structures lined by small cylindrical cells with
basally located nuclei constitute a second component [4].
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Multicystic ChRCC is composed either of variable-sized
cysts or compressed cysts and tubules with slit-like spaces.
The cellular lining is made up entirely of eosinophilic cells or
a mixed population of eosinophilic and pale cells. It is likely
that the two aforementioned variants represent a spectrum of
one morphologic subtype in which the adenomatoid pattern
progressively transforms to areas with microcystic architec-
ture. Lipochrome pigment accumulation is constantly pres-
ent in the former, whereas it was noted in <s0% of cases in
the latter group of tumors [8]. Within the ChRCC spectrum,
ChRCC with papillary architecture is quite rare. However, it
has been described in the literature [25]. Such a pattern was
present focally. The cytologic features, on the other hand, fol-
lowed a characteristic dual population of leaf-like and small
eosinophilic cells. Foam cells were not present. Recently, series
of CHRCC with prominent papillary architecture has been
published [o]. The extent of papillary component in tumors
ranged from 15 to 100% of the tumor volume. The cytologic
characteristics were typical.

ChRCC with morphology similar to neuroendocrine
tumors, namely, with trabecular/palisading/cribriform pat-
tern was also documented. Among them were the CHRCC
with true neuroendocrine differentiation, confirmed by pos-
itive staining for synaptophysin, chromogranin or CD 56 [5,7].

Tumors that showed similar architecture and cytologic
features, but without positive neuroendocrine immunohisto-
chemical staining were labeled as ChRCC with neuroendo-
crine-like features [7].

ChRCC with neuroendocrine differentiation and neu-
roendocrine-like features can be remarkably similar to the
small cell variant of ChRCC. To rule out cases with true
neuroendocrine differentiation, we employed three different
neuroendocrine markers (synaptophysin, chromogranin, and
CDs6).

In the present study, the small-cell tumor population was
uniform, showing mostly scant cytoplasm, arranged predom-
inantly in solid, relatively compact areas or sheets. Only focal
palisading or tubular structures were seen. Such patterns were
located in transition zones between small-cell and classic
ChRCC components, always comprising <5% of the small-cell
component volume.

There is another parallel between the small cell oncocy-
toma and the small-cell variant of ChRCC. In ChRCC withan
adenomatoid pattern, groups of small cells are located on the
edges of adenomatoid structures or on the edges of fibrotic,
scar-like foci. A similar phenomenon has been well-docu-
mented in a small cell variant of RO [11]. In classic RO, how-
ever, groups of small oncocytes are frequently found in iden-
tical location. Pseudorosettes or ribbon-like patterns were not
seen in the small-cell ChRCC variant. The presence of such
structures is an interesting phenomenon in the context of
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differential diagnosis. In a series of small-cell variants of RO
[11], pseudorosettes with a PAS-positive central core were
described. However, we do not believe such structures can be
used as a differential diagnostic feature.

Immunohistochemical profiles of our cases were com-
patible with the classic variant of ChRCC, mostly showing
strong, diffuse, or focal positivity for CK 7, along with diffuse
or focal, weak to moderate positivity for CD117 in both tumor
components. However, one case (case 9) was exceptional:
The small-cell component expressed an oncocytoma-like
CK7 staining pattern with diffuse, mosaic positivity in the
classic part, whereas CD117 was positive solely in the classic
part.

Focal weak positivity for CDs6 was considered non-spe-
cific, and other neuroendocrine markers were negative.
Interestingly, there was a strong positive immunohisto-
chemical reaction for FLI1, which was present in both com-
ponents in case 1. Unfortunately, the case was not suitable
for molecular genetic analysis due to the low quality of
DNA/RNA, but the morphology supported the diagnosis
of ChRCC.

In cases with overlapping features between ChRCC, as
well as cases with worrisome clinical features, association
with the syndromic disease should be considered. According
to clinical reports, we have no evidence of syndromic disease
within our cohort. Furthermore, NGS was used to screen
molecular profiles of our cases. Only five tumors were suitable
for a complete NGS analysis. We were unable to document
any genetic alteration linked to syndromic diseases. FLCN,
VHL, and/or SDH gene mutations were not detected. The
significance of the only pathogenic mutation of PLCG2 gene
found in our cohort remains unclear.

Renal tumors with mTOR pathway abnormalities were
documented recently. Some of these newly recognized sub-
types are characterized by an eosinophilic/oncocytic or
chromophobe-like morphology [26]. Among them are eosin-
ophilic solid and cystic RCC (ESC RCC), eosinophilic vacuo-
lated tumor (EVT), and a low-grade oncocytic tumor, which
can have eosinophilic/oncocytic or chromophobe-like mor-
phology. Therefore, these tumors should be considered in the
differential diagnosis of small-cell ChRRCC variant. There were
no morphologic features of the above-mentioned entities in
our cases, and no mutations in the mTOR pathway genes
were detected. However, one of our cases showed overlapping
immunophenotype with EVT with positivity for CD117 and
CK7 negative/focally positive.

The grading and biological behavior of ChRCC is notori-
ously inconsistent. Fuhrmans’ grading system, classic ISUP/
WHO modification of Fuhrmans’ system [12], and even grad-
ing system proposed by Paner ef al. are all practically not appli-
cable [27,28]. Sarcomatoid transformation and/or necrosis
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were the only morphologic factors significantly associated
with poor prognosis in a multi-institutional study recently
published by Ohashi ef al. [20]. There was no necrosis or sar-
comatoid change in any of our cases. Based on the limited
available follow-up data, it is difficult to speculate about the
potential impact of the presence of the small-cell tumor com-
ponent on prognosis. In no case was the aggressive behav-
ior documented. However, the follow-up period is relatively
short, with a median of 48 months.

Several neoplastic entities should be considered in dif-
ferential diagnosis, especially with limited material in core
biopsy, where the diagnosis may be challenging compared to
the more straightforward diagnostic process in resections.

In differential diagnosis, the presence of small-cell differ-
entiation, tubular or palisading pattern, raises the question of
potential neuroendocrine differentiation (either primary or
metastatic).

Primary neuroendocrine tumors of the kidney are exceed-
ingly rare. According to the WHO classification (2016), they
are subdivided into two groups: (I} Well-differentiated neuro-
endocrine tumor (carcinoid and atypical carcinoid) and (IT)
poorly differentiated neuroendocrine carcinoma including
small-cell and large cell variants [12]. Morphologically, carci-
noids display similar features as their counterparts in other
anatomical sites. Their neuroendocrine nature is confirmed
by immunohistochemistry with positive staining for neuroen-
docrine markers.

Ewing sarcoma/peripheral neuroendocrine  tumor
(PNET) must be considered in cases composed of small,
round, densely packed blue cells, especially on limited material
and in a young patient. PNET shows features of a highly malig-
nant neoplasm, with numerous mitotic figures and necro-
sis. PNET is characterized by diffuse positivity for vimentin,
CDoo, and FLI-1 in immunohistochemistry. In certain cases,
neuroendocrine markers may be positive [30].

In none of our cases, we found mitoses. However, in case
2, PNET was a differential diagnosis on core biopsy. On a
final resection specimen, 80% of the tumor was composed
of a small-cell component with PNET-like morphology, solid
architecture, and densely packed cells with oval, overlapping
nuclei, as well as areas with typical ChRCC morphology, hap-
hazardly present throughout the tumor mass.

Immunohistochemical examination revealed negative
staining with vimentin (typical pattern characteristic for
oncocytoma), whereas FLI 1 and CDgg were negative. The
morphologic characteristics of cases positive for CDog or
FLI-1 were distinct from PNET, and staining was interpreted
as non-specific. None of the analyzable cases showed muta-
tion/translocation in the EWSR gene. However, cases with
non-specific FLI-1 and CDoo staining were not analyzable by
NGS.
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Wilms tumor (WT), blastemal-rich variant, is another
example of a tumor within the spectrum of small round blue
cell renal tumors. Blastema-rich WT is composed of primitive
cells with sticking, highly malignant morphology showing dif-
fuse immunoreactivity for vimentin and WT1 [12]. None of
our cases showed neither such morphology nor positive stain-
ing for WT1 and/or vimentin.

The tendency of urothelial carcinoma (UC) to mimic pri-
mary renal cell carcinomas, particularly in high-grade forms,
is well-known. In this regard, a macroscopic examination can
give many clues for differential diagnosis. In UC, renal pelvis
involvement and infiltrative growth pattern with desmoplas-
tic response are common, whereas in ChRCC, pushing border
and expansile growth pattern are more common. The infiltra-
tive growth pattern was not reported in our study. In addition,
the immunohistochemical profile of our cases differed from
that of typical UC.

The final situation in differential diagnosis that should be
considered is that sarcomatoid differentiation within ChRCC
is relatively common. Some authors suggest that sarcomatoid
dedifferentiation is more prevalent in ChRCC than in any
other RCC subtype [31]. The great majority of the sarcoma-
toid component, on the other hand, is present in the form of a
high-grade, spindle-cell, mesenchymal-looking neoplastic cell
population. Necrosis is common and mitotic activity is usually
brisk [32].

We were not able to identify any spindling or conspicu-
ous mitotic figures within small cell areas, as well as necro-
sis. Our cases also lacked the infiltrative pattern of small
cells, which would be expected in sarcomatoid dedifferen-
tiation. The architecture and cytology of small-cell com-
ponent were clearly epithelial and monotonous. All of the
aforementioned characteristics argue against sarcomatoid
differentiation.

CONCLUSION

We herein present a group of 10 ChRCCs with a small-cell
component that constitutes up to 8o% of the tumor volume.
Awareness of this unusual pattern and applying additional sec-
tions to find classic morphology of ChRCC, as well as exclud-
ing neuroendocrine nature by immunohistochemistry, may
help resolve difficult cases.

However, a small-cell morphology does not present major
diagnostic problem in resected tumors, on limited material,
namely, as a core biopsy such morphology may create diag-
nostic challenge.
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3.5 Histologic diversity in chromophobe renal cell carcinoma does not impact
survival outcome: A comparative international multi-institutional study.

Predicting outcome in patients with ChRCC is difficult as it became apparent that
conventionally used tool that is WHO/ISUP grading system is not reliable in this group of
RCCs. This multi-institutional study was designed to assess the possible impact of
morphologic variants of CHRCC on its biologic behaviour.

Cohort included 89 cases of rare ChRCC subtypes, such as adenomatoid
cystic/pigmented, multicystic, neuroendocrine, papillary, small cell-like and two other rare
subtypes. All cases had well documented clinical follow-up data. Additional 70 classic and
eosinophilic ChRCCs were included as a control group. Variant morphology group and
control group were compared by clinical and pathologic features including age, sex, tumor
size, presence of tumour necrosis, and sarcomatoid differentiation. Clinical outcomes
included recurrence, development of distant metastases and ChRCC related death. Results
show that there were no statistically significant differences between the two groups for age at
diagnosis, gender distribution, tumour size, presence of tumour necrosis, presence of
sarcomatoid differentiation, and adverse outcomes. However, follow-up was slightly longer in
the rare subtypes group (78.5 months) than the controls (56.1 months). In relation of tumour
size, necrosis, and sarcomatoid differentiation to clinical outcome, tumour necrosis and
sarcomatoid differentiation were significantly associated with poor clinical outcome in both
groups (associated with metastatic disease or death). Also, tumour size was significantly
increased in patients with adverse outcome in both groups.

Stage and nuclear grading are the most important prognostic factors in RCCs.
However, in relation to ChRCC, WHO/ISUP nuclear grading appeared not to be applicable,
as a majority of cases would be classified as high grade, predicting adverse outcome (that is in
opposition to generally favourable ChRCCs outcomes). The lack of reliable prognostic factor
was challenged by Paner et al. and resulted in introducing three-tiered grading scheme.
Because of its given low reproducibility, this system was abandoned. Another two-grade
system (based on easily reproducible features - tumour necrosis and sarcomatoid
differentiation) was introduced by Ohashi et al. Even though cytologic features weren’t
considered, it showed to be effective in indicating ChRCCs with high risk of progression. In
this study, we tried to asses and validate the aforementioned Ohashi et al. criteria on group of
rare morphologic variants of ChRCC. Our findings support previous statements that both
sarcomatoid differentiation and tumour necrosis were significantly associated with poor
clinical outcome, and it’s true for both classic/eosinophilic as well as variant pattern ChRCC.
Additionally, morphologic variants seem to do not influence biologic behaviour.
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Most of the rare subtypes were adenomatoid cystic/pigmented ChRCC (66/89, 74.2%), followed by multi-
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differentiation. Further, no statistically significant differences were found in clinical outcome between the two
groups, stratified by tumeor size, necrosis, and sarcomatoid differentiation.

Our findings corroborated previous studies that both sarcomatoid differentiation and tumor necrosis were
significantly associated with poor clinical outcome in classic/eosinophilic ChRCC, and this was proven to be true
for ChRCC with rare histologic subtypes as well. This study suggests that rare morpheologic patterns in ChRCC
without other aggressive features play no role in determining the clinical behavior of the tumor.

1. Introduction

Chromophobe renal cell carcinoma (ChRCC) is the third most com-
mon renal epithelial malignancy. Predicting the clinical behavior and
trajectory of ChRCC by histologic features has so far proven to be
challenging. It is known that the clinical significance of conventional
grading systems, such as Fuhrman nuclear grade (historical system) and
the World Health Organization (WHO)/International Society of Uro-
logical Pathology (ISUP) nucleolar system, could not be demonstrated
for ChRCC [1]. In contrast to clear cell RCC (CCRCC) and papillary RCC
(PRCC), the WHO/ISUP grading system is not applicable to ChRCC
[1,2].

Historically, evaluating risk assessment by histological gradingz of
ChRCC has not proven successful [3-7]. One of the earlier studies con-
ducted by Paner et al. [2] proposed a grading scheme, which ultimately
did not meet clinical practice application. Subsequently, there was
number of studies attempting to develop a grading system in which the
clinical and prognostic behavior of ChRCC can accurately and reliably
be predicted. For instance, a three-tiered grading system [8] was pro-
posed, correlating geographic nuclear crowding and anaplasia with
clinical outcome for patients with ChRCC. A subsequent study, however,
found that this grading system did not provide additional prognostic
information once tumor stage and sarcomatoid features were included
[7]. Similarly, Ohashi et al. [3] were not able to validate the proposed
three-tiered grading system or the four-tiered WHO/ISUP grading svs-
tem for outcome determination in ChRCC. Instead, they proposed a two-
tiered grading system, based on sarcomatoid features and necrosis,
which was successful at the multivariate level. In another large study, a
modified tumor grading scheme using mitotic index, cytologic eosino-
philia, and architecture was not significantly associated with outcome
[9]. Summarizing the current knowledge, it seems that histology alone is
insufficient in predicting the behavior of ChRCC and that rather tumor
size, small vessel invasion, sarcomatoid features, and microscopic ne-
crosis affeet elinical outcome in ChRCC [3-7,9,10]. It is important to
note that the above proposed grading schemes/eriteria are not exactly
grading sensu stricto, but rather well defined adverse morphologic

parameters in predicting the behavior of ChRCC.

It is known that ChRCC represents a heterogeneous group of neo-
plasms demonstrating variable, yet distinctive morphologic and genetic
profiles. In fact, multiple studies in the last few decades have expanded
our knowledge of the wide histologic spectrum of ChRCC, including
adenomatoid cystic/pigmented, multicystic, neuroendocrine, small cell-
like, and papillary patterns [11-20]. Nevertheless, the predictive value
of ChRCC histological subtype on prognosis remains an open question.

In this international multi-institutional study, we aimed to assess the
impact of histologic subtypes of ChRCC (classic/eosinophilic versus rare
subtypes) on survival outcome. To the best of our knowledge, this is the
first study to examine predictive value of histologic subtypes of ChRCC
ON Prognosis.

2. Materials and methods

This is an international multi-institutional matched case-control
study including 14 institutions, examining the impact of histologic di-
versity in ChRCC on survival outcome. Initially, 98 ChRCC with rare
histologic subtvpes were retrieved, of which nine cases were excluded
from the study due to lack of available pertinent clinical and pathologic
information.

The study group included 89 cases of rare subtypes of ChRCC such as
adenomatoid cystic/pigmented (Fig. 1), multicystic (Fig. 2), neuroen-
docrine (Fig. 3), papillary (Fiz. 4), and small cell-like (Fig. 5). It should
be noted that this study included the largest series of rare subtypes of
ChRCC, which were previously published by our group [11-17]. The
control group consisted of 70 ChRCC including classic and eosinophilic
features, age- and tumor size-matched. Additional tumors that were
later added to the study were reviewed by two urologic pathologists (O.
H. and R.A.) to confirm both the diagnosis and histologic subtype. The
primary outcome measure of the study was to determine the impact of
histologic diversity in ChRCC on clinical outcome including disease
recurrence, metastasis or death.

Clinieal and pathologic features including age, sex, tumor size, tumor
necrosis, and sarcomatoid differentiation were obtained from clinical

Fig. 1. Adenomatoid miecrocystic/pigmented ChRCC shows complex architecture with tubular and eribriform pattern and typical plant-like cells, combined with

smaller eosinophilic cells.
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Fig. 3. ChRCC with neuroendocrine differentiation (confirmed by immunochistochemistry) is characterized by presence of features typically associated with
neurcendocrine differentiation like tubular, glandular, and insular growth pattern. Formation of pseudorosettes is visible in the right side of the photo.

[ o

Fig. 4. Papillary ChRCC is tumor with papillary architecture, where papillae are lined by both cell types characteristic for ChRCC.
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Fig. 5. ChRCC with small-like cell pattern shows a combination of classic ChRCC admixed with a small cell-like component.

Table 1
Demographic and clinical characteristics of study and control groups.

Variables Study group” (n Control group® (n P-
= 89) =70) Value
Age at diagnosis (years), 60.5 + 13.6 61.7+12.7 0.58
mean = 5D
Male sex, n (%) 44 (49.4%) 39 (55.7%0) 0.26
Tumor size (mm), mean + 5D 58.5 432 50.3 + 325 0.19
Necrosis, n (%) 8 (99) 3 (4.3%) 0.34
Sarcomatoid, n (36} 2 (2.2%) 3 (4.3%) 0.65
Follow-up (months), mean + 78.5 = 67.2 56.1 = 47.2 0.019
SD
Metastasis or death due to 4 (4.5%) 3 (4.3%) 0.63
ChRCC

* Rare subtypes of ChRCC.
® Classic and eosinophilic ChRCC.

charts from each participating institution. Clinical outcomes included
recurrence, development of distant metastases (defined as evidence of
disease progression in non-regional lymph nodes or any organ other
than the kidney) and death from ChRCC.

2.1. Sradsteal analysis

The values of continuous parameters were calculated as means +
standard deviation (SD). Pearson's y2 and extended Fisher's exact tests
were used for categorical variables. For comparisons between the final
pathology groups, the independent samples t-test was used for contin-
uous variables and the Fisher exact test was used for categorical
variables.

Distant metastasis-free and cancer-specific survival rates were esti-
mated using the Kaplan-Meier method, with the duration of follow-up
calculated from surgery to distant metastases, death, or last follow-up.

Associations with outcomes were evaluated using Cox proportional
hazard regression models and summarized with hazard ratios (HRs) and
95% confidence intervals (CIs).

All tests were two-tailed and p < 0.05 was considered statistically
significant. All deseriptive and inferential statistical analyses were car-
ried out using the Statistical Package for the Social Sciences (SPSS),
version 19.0 (Chicago, IL, USA).

3. Results

Eighty-nine cases of rare subtypes of ChRCC (study group) and 70
classie and eosinophilic ChRCC (control group) matched for age and
tumor size were included in the study. In the study group, most of the
rare subtypes were adenomatoid cystic/pigmented ChRCC (66/89,
74.2%), followed by multicystic ChRCC (10,89, 11.2%), papillary
ChRCC (9/89, 10.1%), neurcendocrine (1,/89, 1.1%) small-like (1,89,
1.19%), and two other rare subtypes. In the control group, there were 62
(88.6%) classic and 8 (11.4%) eosinophilic ChRCC.

Table 1 presents clinicopathological characteristics of the study
group and control group. There were no statistically significant differ-
ences between the two groups for age at diagnosis, gender distribution,
tumor size, presence of tumor necrosis, presence of sarcomatoid differ-
entiation, and adverse outcomes (metastatic disease or death of the
disease). However, mean clinical follow-up was slightly longer in the
rare subtypes group (78.5 months) than the controls (56.1 months) (p =
0.019).

Table 2 demonstrates relation of tumor size, necrosis, and sarcoma-
toid differentiation to clinical outcome in each group. In both groups,
tumor necrosis and sarcomatoid differentiation were significantly
associated with poor clinical outcome (metastatic disease or death of the
disease). In the classic/eosinophilic group, tumor size was significantly
larger among those who developed metastatic disease or died of the

Table 2
Comparing adverse clinical/histologic features (tumor size, necrosis, and sarcomatoid differentiation) according to clinical outcome in study and control groups.
Variables Study group® (n = 89) p-Value Control group® (n = 70) p-Value
Alive (n = 85) Metastasis or death (n = 4) Alive (n = 67) Metastasis or death (n = 3)
Tumor size (mm), mean + SD 56.8 = 40.7 101.7 = 86.1 0.07 46.7 + 27.7 131.7 + 25.6 0.02
Necrosis, n (%) 6 (7.1%) 2 (50%) 0.03 1(1.5%) 2 (66.7%) 0.004
Sarcomatoeid, n (%0) 0 (0%0) 2 (50%) 0.002 0 (099) 3 (10094) 0.001

* Rare subtypes of ChRCC.
® Classic and eosinophilic ChRCC.
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Table 3
Comparing adverse clinical/histologic features (tumeor size, necrosis, and sar-
comatoid differentiation) between study and control groups by clinical outcome.

Study group®  Control P-
(n=89) group” (n = Value
70)
Necrosis, n (%) Metastasis/ 2 (25%) 2 (66.7%) 0.27
death (n = 4)
Alive (n = 85) 6 (75%) 1 (33.3%)
No necrosis, n (%)  Metastasis/ 2 (2.5%) 1(1.5%) 0.57
death (n = 4)
Alive (n— 85) 79 (97.5%) 66 (98.5%)
San id,n (%) Metastasis/ 2 (100%) 3 (100%) 0.31
death (n=4)
Alive (n = 85) 0 (09%) 0 (09%6)
No sarcomatoid, n Metastasis/ 2 (2.3%) 0 (0%) 0.63
(%) death (n=4)
Alive (n= 85) 85 (97%) 67 (100%)
Tumor size (mm), Metastasis,/ 102.5 + 131.0 + 25.7 0.19
mean + 5D death (n = 4) 70.3
Alive (n = 83) 56.0 = 338.9 46.7 = 27.7

# Rare subtypes of ChRCC.
P Classic and eosinophilic ChRCC.

disease (131.7 mm) than those alive (46.7 mm) (p = 0.02). Similar
observation was made in the rare subtypes group (101.7 mm in meta-
static disease/death vs. 56.8 mm in alive patients), but the difference
was not statistically significant (p = 0.07).

Table 3 compares the study and control group, namely how the
presence of adverse clinical and histologic features (tumor size, necrosis,
and sarcomatoid differentiation) influence their clinical outcome. No
statistically significant differences were found in clinical outcome

Annals of Diagnostic Pathology 60 (2022) 151978

between the two groups.

Fig. 6 presents survival plots for the study and control groups, with a
log-rank test providing a p-value of 0.007 suggesting that the difference
in survival between the study and control groups was statistically sig-
nificant. Further, Cox proportional hazard regression models showed no
significant associations between histologic subtypes and survival
outcome, using tumor size, necrosis, and sarcomatoid differentiation as
potential confounding variables.

4. Discussion

ChRCC is the third most common histological type among all renal
neoplasms of adults, accounting for approximately 5-7% of all RCCs
[21]. ChRCC is associated with more favourable outcomes in compari-
son to CCRCC and PRCC, with a reported 5-year survival rate of
78-100% [21]. The typical histological features of ChRCC consist of
large pale and/or smaller eosinophilie tumor cells, with wrinkled nuclei
and perinuclear haloes. The two main morphological subtypes of ChRCC
are classic and eosinophilic. While in the classic subtype both neoplastic
cell populations (large pale and smaller eosinophilic) are present in a
solid alveolar growth pattern, the eosinophilic cells are the predominant
cell type in the eosinophilic subtype [22].

Several aberrant histologic subtypes of ChRCC have been described
over the last few decades, including adenomatoid eystic/pigmented,
multicystic, neurcendocrine/neuroendocrine-like, papillary, and small
cell-like [11-13]. The most common architectonical features of the
adenomatoid cystic/pigmented subtype are peculiar microtubular or
microcystic patterns and areas with light to dark brown pigmentation
corresponding to the presence of lipochrome [12,13,18]. The multi-
cystic subtype is considered an extreme form of the adenomatoid cystic/
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Fig. 6. Kaplan-Meier survival analysis of overall survival (0S) between study and control groups (cumulative observation).
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pigmented ChRCC [17]. The neurcendocrine/neuroendocrine-like
ChRCC is extremely rare and histologically is characterized by the
presence of classie features of ChRCC admixed with areas morphologi-
cally consistent with neurcendocrine differentiation [11]. Papillary
configuration in ChRCC is an extremely histologic feature and can
represent varying percentage of tumor volume [16]. The small cell-like
ChRCC has recently been described by our group [15]. It contains a
variable fraction of small cells with minimal to no cytoplasm, reminis-
cent of small cells in renal oncocytoma (i.e. so-called oncoblast). The
oncocytie subtype is characterized by tumor cells with oncocytic cyto-
plasm, centrally located round nuclei, and the absence of perinuclear
halo. Nevertheless, the immunohistochemical characteristics and the
pattern of numerical chromosomal aberrations in oncocytic ChRCC are
similar to that of elassic ChRCC [23].

One of the most important prognostic factors in RCC, in addition to
stage, is tumor grading. Grading systems are mainly based on cyto-
morphological differentiation of neoplastic cells but other non-
cvtomorphologic elements, such as tumor necrosis, can be incorpo-
rated. The WHO recommends grading of CCRCC and PRCC using the
WHO/ISUP grade, which is primarily based on nuclear features. Several
grading systems have been proposed for ChRCC, however, none have
proven to be clinically useful so far. Therefore, grading for ChRCC is
currently not recommended by the WHO [1]. Historically, the nuclear
grading by Fuhrman et al. [24] was used for grading of all RCCs. As
proposed by the ISUP consensus conference in 2012, this grading system
was subsequently simplified to focus only on nueleolar prominence [1].
With slight modification, the ISUP grade was later recognized by the
Fourth edition of the WHO classification of genitourinary tumors in
2016 and was termed WHO/ISUP grade [25].

It is well known that in contrast to CCRCC and PRCC, the utility of
Fuhrman and WHO/ISUP grading systems in predicting prognosis and
clinical behavior of ChRCC is rather poor. In fact, when strictly applyving
the parameters of both nuclear grade systems to ChRCC, one would
classify most of them as high grade, despite the majority have a
favourable outcome [26]. In 2010, a three-tiered grading scheme was
proposed by Paner et al. [8] which extends nuclear grading by including
further parameters such as geographic nuclear erowding and objective
nuclear size. However, this grading system was found to be associated
with low reproducibility as a result of inter- and intra-observer vari-
ability. Furthermore, it lacked correlation with other parameters perti-
nent to clinical outcomes [27]. Ohashi et al. [2] recently introduced a
two-tiered grading system based on the presence of sarcomatoid dif-
ferentiation and tumor necrosis. In contrast to previously proposed
grading systems, it showed much stronger prognostic impact and clinical
outcome correlation. It effectively identified tumors at higher risk of
progression. However, this grading system is not a classic and standard
one as it does not include cytomorphologic factors (mostly nuclear
features).

In this study, we assessed and validate prognostic criteria proposed
by Ohashi et al. [3] on a large cohort of ChRCC with rare subtype his-
tology. The spectrum of histologie diversity in subtype patterns can be
divided into the following groups: 1) morphologic features (i.e., small
cell-like, neuroendocrine), 2) architectural patterns (i.e., papillary,
adenomatoid, microeystic, multicystic), and 3) combined morphologic
and architectural patterns. Of note, the true incidence of rare patterns of
ChRCC is not yet known [28].

Qur findings showed that both sarcomatoid differentiation and
tumor necrosis were significantly associated with poor elinical outcome
in both ChRCC with rare subtype histology as well as classic/eosino-
philic ChRCC groups (Table 2). Additionally, tumor size was found to be
significantly associated with metastasis/death in the classic/eosino-
philic ChRCC group. Similar findings were observed in the rare subtype
histology group, although it was not statistically significant (p = 0.07).
Further analysis showed that there were no statistically significant dif-
ferences in clinical outcome (metastasis/death versus alive/free of dis-
ease) between the two groups, when stratified by adverse pathologic
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features such as sarcomatoid differentiation, tumor necrosis, and tumor
size (Table 3). In other words, it showed that histologic diversity in
ChRCC may not impaet clinical outcome.

A Kaplan-Meier survival analysis (Fig. 6) was performed, which
showed slightly better survival outcome in the rare subtype histologic
group when compared with the classic/eosinophilic ChRCC group (p =
0.007). As the number of adverse events (metastasis/death) was very
small in both groups, hence limiting the power of the model, we would
caution to draw concrete conclusions. It should be noted that follow-up
clinical data in control group (classie/eosinophilic ChRCC) was also
significantly shorter than those in the rare subtype histologic group (p =
0.019). Overall, we believe that the value of statistical significant dif-
ference in Kaplan-Meier model may not direetly translate into clinical
significant difference in routine practice, giving the above limiting fac-
tors. Further, the Cox proportional hazard regression models were car-
ried out and showed no significant associations between histologic
subtypes and survival outcome, using tumor size, necrosis, and sarco-
matoid differentiation as potential confounding variables.

It should be noted that clinical data on uncommon patterns of ChRCC
are limited due to their rarity but our findings suggest that rare
morphologie patterns in ChRCC play no role in determining the clinical
behavior of the tumor. In fact, most rare patterns of ChRCC clinically
behave in a similar fashion to that of classic/eosinophilic ChRCC. This
may be due to the low incidence of aggressive histologic features such as
tumor necrosis and/or sarcomatoid differentiation in ChRCC with rare
patterns, which was also seen in this study.

The strengths of this study are the fact that this is the largest inter-
national multi-institutional cohort of ChRCC with rare histologic sub-
types, using a matched case-control study design. The main limitation of
this study was the fact that the number of adverse events (metastasis/
death) in each group was very low, challenging the power of the study in
using a survival analysis models.

5. Conclusion

Our findings corroborated previous studies that both sarcomatoid
differentiation and tumor necrosis were significantly associated with
poor clinical outcome in classic/eosinophilic ChRCC, and this was also
proven to be true for ChRCC with rare histologic subtypes. It seems that
rare morphologic patterns in ChRCC play no role in determining the
clinical behavior of the tumor. In fact, most rare patterns of ChRCC
clinically behave in a similar fashion to that of classic/eosinophilic
ChRCC, which may be due to low incidence of aggressive histologic
features in ChRCC with rare patterns.
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3.6 Comprehensive Review of Numerical Chromosomal Aberrations in
Chromophobe Renal Cell Carcinoma Including Its Variant Morphologies.

Chromophobe renal cell carcinoma (ChRCC) is third most common renal carcinoma
(RCC), accounting for 5% to 7% of all RCCs. The first genetic studies on ChRCC were
conducted in the late 80°, soon after its first description, and reported multiple chromosomal
losses. Since then, losses of chromosomes 1, 2, 6, 10, 13, 17, and 21 have been considered a
genetic hallmark of ChRCC, both for classic and eosinophilic ChRCC variant. With the
development of more sophisticated molecular techniques, it became apparent that molecular
background of ChRCC is more complex and heterogeneous, frequently enriched in
chromosomal gains.

In this review, we briefly present genetic techniques used for the examination of
chromosomal abnormalities, together with discussion on the available literature on this topic,
aiming to present a comprehensive and up-to-date survey of the spectrum of chromosomal
abnormalities found in classic ChRCC and its variants. Most commonly reported
chromosomal losses in classic ChRCC include: 1 (71%), 10 (71%), 2 (64.3%), 17 (63.1%), 6
(59.8%),13 (50.6%), and 21 (31.5%). As for chromosomal gains, the most common are: 7
(35.2%), 19 (27.3%), 20 (27.3%), 4 (22.7%), 8 (20.5%), 9 (18.2%), and 1 (17%). Studies on
eosinophilic ChRCC reveal that most common chromosomal losses are 1 (76.7%), 2 (58.1%),
17 (58.1%), 6 (53.5%), 10 (46.5%), 13 (39.5%), and 21 (37.2%). No chromosomal gains were
found in eosinophilic ChRCCs. Studies on sarcomatoid ChRCCs show that most common
chromosomal gains are: 3 (100%), 1 (89.5%), 2(42.1%), 10 (31.6%), 17 (31.6%), 4 (26.3%),
7 (26.3%), 8 (26.3%), 9 (26.3%), and 15 (26.3%). The most commonly reported chromosomal
losses in these tumours include: 11 (30%), 2 (30%), 17 (20%), and 10 (20%), which are much
less in frequency compared with classic ChRCCs. Studies of rare morphologic variants
including ChRCC with pigmented microcystic adenomatoid/multicystic growth, ChRCC with
neuroendocrine differentiation, ChRCC with papillary architecture, and renal oncocytoma-
like variants also showed variable chromosomal numerical aberrations, including multiple
losses (common), gains (less common), or chromosomal changes overlapping with renal
oncocytoma. Metastatic ChRCCs appear to demonstrate overlapping genetic patterns with the
primary tumours.

For years, ChRCC has been defined by multiple chromosomal losses, with most
common loss of set of 7 chromosomes: 1, 2, 6, 10, 13, 17, and 21. That chromosomal
instability has appeared to be much broader including loses of chromosomes 3, 5, 8, 9, 18,
21q and gains, most commonly of chromosomes 4, 7, 17, 19 and 20. Spectrum of molecular
alterations in ChRCC is not limited to CNA. ChRCCs also harbour mutations of 7P53, PTEN
as most common, followed by deletion or hypermethylation of 9p21.3 resulting in loos
CDKN2A or its expression. Less frequently identified mutations include MTOR, TSCI/2.
Given the complexity of molecular genetic alterations in ChRCC, this review analyzed the
existing published data, aiming to present a comprehensive up-to-date survey of the
chromosomal abnormalities in classic ChRCC and its variants. The role of chromosomal
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numerical aberrations as a potential tool in the differential diagnostic evaluation may be
limited, potentially owing to its highly variable CNA pattern of ChRCC.
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Comprehensive Review of Numerical Chromosomal
Aberrations in Chromophobe Renal Cell Carcinoma
Including Its Variant Morphologies
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Abstract: Chromophobe renal cell carcmoma (ChRCC) accounts for
5% to 7% of all renal cell carcmomas. It was thought for many years
that ChRCC exhibits a hypodiploid genome. Recent studies using
advanced molecular genetics technigues have shown more complex and
heterogenous pattem with frequent chromosomal gains. Historically,
multiple losses of chromosomes 1, 2, 6, 10, 13, 17, and 21 have been
considered a genetic hallmark of ChRCC, both for classic and eosi-
nophilic ChRCC variants. In the last 2 decades, multiple chromosomal
gains in ChRCCs have also been documented, depicting a considerably
broader genetic spectrum than previously thought. Studies of rare
morphologic varants including ChRCC with pigmented microcystic
adenomatoid/multicystic growth, ChRCC with neuroendocrine differ-
entiation, ChRCC with papillary architecture, and renal oncocytoma-
like variants also showed vanable chromosomal numerical aberrations,
including multiple losses (common), gains (less common), or chromo-
somal changes overlapping with renal oncocytoma. Although not the
focus of the review, The Cancer Genome Atlas (TCGA) data m
ChRCC show TP33, PTEN, and CDKN2A to be the most mutated
genes. Given the complexity of molecular genetic alterations m
ChRCC, this review analyzed the existing published data, aiming to
present a comprehensive up-to-date survey of the chromosomal
abnormalities n classic ChRCC and its variants. The potential role of
chromosomal numerical aberrations m the differential diagnostic eval-
uation may be imited, potentially owing to its high variability.

Key Words: chromophobe renal cell carcinoma (ChRCC), chro-
mosomal aberration numbers, review

(Adv Anat Pathol 2021;28:8-20)

C hromophobe renal cell carcinoma (ChRCC) first descri-
bed in 1985 by Thoenes et al! accounts for 5% to 7% of
all renal cell carcinomas (RCCs). ChRCC is composed of
neoplastic cells with prominent cell membranes, wrinkled
nuclei with perinuclear halos, and pale to eosinophilic
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cytoplasm. ChRCC typically presents as a sporadic tumor,
but identical or similar morphologies have been also docu-
mented in a hereditary setting, such as Birt-Hogg-Dubé syn-
drome, known particularly for its predilection for the so-called
“hybrid oncocytic/chromophobe™ tumors.”

The most common variant of ChRCC is the “classic”
one, which was initially described by Thoenes et al' dem-
onstrating relatively characteristic microscopic features.
Three years later (in 1988) the same group of authors
described an cosinophilic variant of ChRCC? that shows
overlapping morphologic features with benign renal onco-
cytoma (RO). Since then, other ChRCC subtypes/variants
have been reported, such as pigmented/adenomatoid, mul-
ticystic, neuroendocrine, papillary, and sarcomatoid * 1°

Overall, ChRCC has a favorable prognosis with a 5-year
survival rate of 78% to 100% and 10-year survival rate of 80%
to 90%.! 112 The prognosis of ChRCC is better than clear-cell
RCC and is slightly better than papillary RCC. Despite its
generally favorable behavior, a small subset of ChRCC pres-
ents with sarcomatoid differentiation and may progress with
recurrence  or metastasis in 7% and mortality in 6% of
patients.>'* Currently, it is not recommended to grade ChRCC
using the World Health Organization (WHO)/International
Society of Urologic Pathologists (ISUP) grading system.'# In
2010, Paner at al" proposed a grading system for ChRCC, but
its correlation with the biological behavior remains to be sub-
stantiated. Most recently, in 2019, a multi-institutional study
proposed a new 2-tiered “grading scheme,” using necrosis and
sarcomatoid differentiation that are well-documented adverse
prognostic factors of ChRCC.!?

In the early 1990s, a number of studies have shown that
the stereotypical morphologic appearance of ChRCC is
associated with a consistent pattern of chromosomal changes
characterized by loss of specific chromosomes.'® '® The ear-
liest reports showed nonrandom losses in ChRCC of chro-
mosomes 1, 2, 6, 10, 13, 17, and 21. Thus, for many years it
was believed that ChRCC has a hypodiploid genome. How-
ever, more recent studies utilizing advanced molecular tech-
niques have shown a rather more heterogenous genetic pattern
with frequent co-occurring chromosomal gains and suggesti
a more complex molecular genetic landscape in ChRCC. 192
This review analyzed the available studies on this topic aiming
to present a comprehensive and up-to-date survey of the
spectrum of chromosomal abnormalities found in classic
ChRCC and its variants.

GENETICS METHODS DETECTING
CHROMOSOMAL ABERRATIONS
First, we briefly discuss the most commonly utilized
genetic methods including the traditional genetic techniques

Adv Anat Pathol * Volume 28, Number 1, January 2021
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as well as the more recent molecular technologies that have
been applied for the examination of chromosomal abnor-
malities in ChRCC.

Classic Cytogenetics

Karyotyping or classic cytogenetic is one of the earliest
traditional methods of examining chromosomal numerical
aberrations, including chromosomal losses and gains.
However, this technique detects only “larger” chromosomal
abnormalities and the detection of “smaller” and more
subtle changes may require more sophisticated techniques.

Restriction Fragment Length Polymorphism

Restriction fragment length polymorphism (RFLP)
was an early tool in genome mapping and disease linkage
analysis, which required larger DNA samples. This was later
replaced by more inexpensive and efficient methods, some of
which are discussed below.

Fluorescent In Situ hybridization

Fluorescent in situ hybridization (FISH), a hallmark of
molecular cytogenetics, was first developed when classic
cytogenetics and recombinant DNA technology were com-
bined to further assist cancer cytogenetics. FISH is a rapid
assay and can be utilized on any tissue (ie, fresh, frozen,
formalin-fixed). It is currently used in routine practice to
help solve various diagnostic questions in a targeted man-
ner, using specific probes. It also plays a major role in
assessing prognostic and therapeutic aspects of certain
tumors.

Comparative Genomic Hybridization

Comparative genomic hybridization (CGH) is utilized
to screen the genome for copy number alterations (CNAs) in
surgical pathology. Conventional CGH was initially utilized
in examining ChRCC and later its resolution was enhanced

by combining it with microarray techniques, known as array
comparative genomic hybridization (a-CGH).

Single-nucleotide Polymorphisms

Single-nucleotide polymorphism (SNP) genotyping
array 1s a reliable method in detecting CNA without the
need for patient-matched normal tissue. This can be carried
out in paraffin-embedded tissues, which 1s especially
important when fresh tissue for conventional cytogenetic
analysis is not available.

Microsatellite Analysis

Microsatellites analysis is a sensitive method to inves-
tigate the somatic loss of heterozygosity (LOH). This tech-
nique is fast and can be applied to degrade DNA extracted
from formalin-fixed tissue. In comparison to a-CGH and
FISH, microsatellite analysis can detect copy number
neutral LOH.

Next-generation Sequencing

a-CGH and genotyping arrays represented the stand-
ard techniques to detect genomic CNA until most recently,
when high-resolution sequencing data analyses by next-
generation sequencing became available.

CLASSIC CHROMOPHOBE RENAL CELL
CARCINOMA

The classic variant of ChRCC was described by
Thoenes et al' > 3 decades ago. The authors used the term
“chromophobe,” referring to tumors demonstrating larger
cells with reticular (not clear) cytoplasm and distinct cell
membranes (plant c-:].l-like),] Kovacs et al” were the first to
examine the chromosomal numerical aberrations in a case
of ChRCC in 1988. They used classic cytogenetics and
found losses of chromosomes 1, 2, 3, 6, 7.9, 10, 12, 13, 17,

40.0%

20.0%

0.0%

18 18 20

-20.0%

-40.0%

-60.0%

-80.0%

® Loss m Gain

FIGURE 1. Distribution of chromosomal losses and gains in classic chromophobe renal cell carcinoma (N = 241*). *Study data from Davis
et al** (N=47) and Tan et al®® (N=15) were not included in this analysis since no detail breakdown information were available.
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18, and 21.% Since the early 1990s, investigators have used
other methods in addition to classic cytogenetics (ie, FISH,
CGH, and SNP) to study chromosomal aberrations in
ChRCC. Over the last 3 decades, there were 22 studies
investigating chromosomal numerical aberrations in classic
ChRCC using various methods. Herein, we discuss the
findings of these studies according to the genetic methods
used and compare their results. Figure 1 shows the dis-
tribution of chromosomal losses and gains in the published
studies on classic ChRCC, using a weighted average of all
evaluated cases in the pertinent studies. Tables 1 and 2
present detailed findings of individual studies by chromo-
somes and methods used.

Seven of 22 studies used the classic cytogenetic
method!”%2* 28 evaluating a total of 17 ChRCC from 1988
to 1999. These studies consistently reported losses of chro-
mosomes 1, 2, 6, 10, 11, 13, and 17. Of the 7 studies, only 2
found chromosomal gains in classic ChRCC that included
chromosomes 7, 11, 12, 16, and 1917222428 Ope study used
RFLP and found a variable frequency of losses of chro-
mosomes 3, 5, and 17.3

FISH was used in 5 of 22 studies (performed between
2005 and 2011) to detect chromosomal changes in 39 cases
of classic ChRCC.!%2%30:3233 These studies also reported
losses of chromosomes 1, 2, 6, 10, and 17 as the most
common findings.!%2303233 Kyroda et al*? were the only
ones using FISH to document gain of chromosome 21 in a
case of aggressive ChRCC with lymph node metastasis.

There were 5 studies that used the a-CGH (performed
between 1994 and 2015), to identify chromosomal aberra-
tions in a total of 80 classic ChRCCs. 821343637 Similarly,
the majority of these studies found losses of chromosomes 1,
2, 6, 10, 13, 17, and 21.'821.336.37 (Jnlike studies using
classic cytogenetic and FISH methods, all CGH-based
studies also consistently found chromosomal gains in classic
ChRCC, most frequently involving chromosomes 3, 4, 7, 8,
9,12, 15, 16, and 2{118,11,%,36.37

There were 4 SNP array-based studies examining a
total of 149 classic ChRCCs from 2009 to 201920313538
These studies have also consistently found losses of chro-
mosomes 1, 2, 6, 10, 13, 17, and 21.2%3353% One of the 4
studies using the SNP array also reported gain of chromo-
somes 4, 7, 11, 12, 14, and 18.%

Owerall, the above-mentioned studies show that the
most common chromosomal losses in classic ChRCC are:
1 (71%), 10 (71%). 2 (64.3%), 17 (63.1%), 6 (59.8%),
13 (50.6%), and 21 (31.5%). As for chromosomal gains,
the most common are: 7 (35.2%). 19 (27.3%), 20 (27.3%).
4(22.7%). 8 (20.5%), 9 (18.2%), and 1 (17%).

In addition to the 22 studies conducted on classic
ChRCC, there were 5 additional studies where the variant of
ChRCC was not specified and such information could not be
extracted from the published material. These studies included
a total of 101 tumors evaluated between 1996 and 2010 and
they used different methods, including classic cytogenetics
(8 c.ases)_.]6 microsatellites analysis (2 studies: 10 and 42
cases).>? FISH (3 cases)*” and SNP array (2 studies: 30 and 8
cases).*142 Interestingly, the majority of these studies found
losses of chromosomes 1, 2, 6, 10, 13, and 17, which is similar
to the other reported studies on classic ChRCC; this suggests
that these cases likely represented classic ChRCC. Regarding
the reported chromosomal gains, Verdorfer et al*’ reported
gain of chromosomes 12, 2, 5, 7, and 16 (using classic cyto-
genetics) and Yokomizo et al*® found partial gain of chro-
mosome 7q (using SNP-CGH). Tables 3 and 4 present
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detailed findings of the individual studies by chromosomes
and methods used.

Some studies interestingly also reported rare cases of
classic ChRCC demonstrating diploid chromosome copy
numbers. 3434 For instance, Brunelli et al'® reported
such findings in 2 cases of ChRCC with sarcomatoid
transformation, and in | case of ChRCC with distant
metastasis; disomy of chromosomes 1, 2, 6, 10, 17 were
found in the epithelial component. Meyer et al®’ also
reported that 1 of 21 (5%) ChRCCs was diploid for
chromosome 1.

EOSINOPHILIC CHROMOPHOBE RENAL CELL
CARCINOMA

The eosinophilic variant of ChRCC was described in
1988 by Thoenes et al.® following the initial description of
classic ChRCC in 1985. The most recent 2016 WHO renal
tumor classification recognizes the eosinophilic variant of
ChRCC and acknowledges the challenge to distinguish it
from benign RO, but does not provide precise diagnostic
criteria.

To date, there are only 4 studies that investigated
chromosomal changes in eosinophilic ChRCC.2%33.3847

TABLE 3. Chromosomal Losses in Chromophobe Renal Cell Carcinoma (Variant Not Stated)

Bugert and

Verdorfer

References Igbal et all® Kovaes?® Bugert et al* et al¥ Yusenko et al¥? Yokomizo et al*?
Microsatellite Microsatellite Cytogenetics High-density High-resolution Whole-
Methods  Cytogenetics  Analysis (LOH) Analysis and FISH SNP-oligoarray genomic SNP and CGH ~ Total
# of cases 8 10 42 3 30 8 101
-1 62.5% 100% 05% 93% 90%
~1p 100%
-1q 100%
-2 62.5% 100% 86% 93% 86%
=2p 100%
-2q 100%
_3 1 ..'M/cl 23”/3 1 4“/(}
-4
-5 27% 9%
=5p 12.5%
=5q 12.5%
-6 62.5% 100% 85% 48.5%
—6p 100%
—6g 100%
=7
-8 4%
_8[) 50%
—8q 50%%
-9 40 12%
=10 62.5% 10084 88% 093% T8%
=10p 100%
-10q 100%
=11
=12 33% 1%
=13 37.5% 10084 75% 87% 68%
=13 P 75%
-13q 75%
—-14
=15
=16
=17 62.5% 100%% B0 90%% 82%
-17p 100%
-17q 100%
-18 25% 0% 25%
-18p 100%
-18q 100%
-19 13% 4%
=20
=21 25% 10024 54% 34%
=21p 100%
-21q 100%
-22
=X 37.5% 3% 14%
-Y 25% 33% 3% 14%

CGH indicates comparative genomic hybridization; FISH, fluorescent in situ hybridization; LOH, loss of heterozygosity; SNP, single-nucleotide

polymorphism.
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TABLE 4. Chromosomal Gains in Chromophobe Renal Cell
Carcinoma (Variant Not Stated)

Verdorfer Yusenko Yokomizo
References et al® et al*? et al®?
High-
High- resolution
density Whole-
Cylogenetics SNP- genomic SNP

Methods and FISH oligoarry and CGH Total
# of cases 3 30 8 41
+1 33% 2.4%
+2 33% 2.4%
+3 33% 2.4%
+4 66% 4.9%
+5 66% 6% 9.8%
+6 33% 2.4%
+7 66% 3% 122%

+7q 12.00%
+8 33% 2.4%
+0 33% 2.4%
+10 66% 3% 7.3%
+11 66% 4.9%
+12 33% 3% 4.9%
+13 33% 2.4%
+14 66%0 4.9%
+15 66% 3% 7.3%
+16 33% 2.4%
+17 66% 4.9%
+18 33% 3% 4.9%
+19 66% 4.9%
+20 66% 4.9%
+21 66% 4.9%
+22 33% 2.4%
+X
+Y

CGH mdicates comparative genomic hybridization; FISH, fluorescent
in situ hybridization; SNP, single-nudeotide polymorphism.

Brunelli et al*® in 2005 conducted a study using FISH in
9 eosinophilic ChRCCs and found losses of chromosomes
1(67%), 2(56%), 6 (56%), 10 (44%), and 17 (78%), similar to
the classic ChR CC, but with lower frequencies. Davis et al®
examined the somatic genomic landscape of ChRCC using
The Cancer Genome Atlas (TCGA); their study also
included 19 eosinophilic ChRCCs that were evaluated by
the SNP array analysis. The authors reported that only 53%
(10/19) of eosinophilic ChRCCs showed the characteristic
ChRCC copy number losses of chromosomes 1, 2, 6, 10, 13,
and 173 Interestingly, 4 of 19 eosinophilic cases exhibited
diploid karyotypes and did not show any CNAs 33

In 2019, Ohashi et al*® evaluated by SNP 24 eosino-
philic ChRCCs in a combined Swiss/TCGA/KICH cohorts
[Swiss, TCGA, and kidney chromophobe dataset (KICH)),
and found losses of chromosomes 1, 2, 6, 10, 13, 17, and 21,
similar to the pattern seen in classic ChRCC, but with lower
frequencies of individual chromosomal losses.*® Further, 10
of 24 (41.7%) of eosinophilic ChRCC showed absence of
losses of any chromosomes [vs. 6/75 (6%) of the classic
ChRCC).*® Figure 2 shows the distribution of chromosomal
losses in the above-mentioned studies and Table 5 docu-
ments detailed findings by chromosomes and methodologies
used. Further, Figure 3 demonstrates comparison dis-
tribution of chromosomal losses and gains between classic
and eosinophilic ChRCCs.

Most recently, a study by Liu et al*’ utilizing the a-CGH
+SNP array identified 10 eosinophilic ChRCCs that showed
multiple chromosomal abnormalities. The cases were identi-
fied through a review of cases considered “atypical sporadic
oncocytic tumors.” Four ChRCCs were hypodiploid with
characteristic losses of chromosomes 1, 2, 6, 10, 11, 16, and
17. The remaining 6 cases had multiple relative chromosomal
losses due to hypotetraploidy (doubled hypodiploid genomes).
Detailed analysis showed that cases with 4n ploidy status
had 2-copy loss of chromosomes Y, 1, 2, 6, 10, 13, and 17,

0.0% -+
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-20.0% +°

-40.0% 1
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-80.0% -

FIGURE 2. Distribution of chromosomal losses in eosinophilic chromophobe renal cell carcinoma (N =43*). *Davis et al's®> study data
(N =19) were not included in this analysis since no detail breakdown information were available. The authors reported loss of one copy of
the entire chromosome, for most or all of chromosomes 1, 2, 6, 10, 13, and 17, seen in the majority of their cases (86%).
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TABLE 5. Chromosomal Losses in Eosinophilic Chromophobe
Renal Cell Carcinoma

Brunelli Davis  Ohashi Liu
References et al® et al®® et al® et al¥?
Cytogenomic
SNP Microarray
Method FISH Array® SNP Analysis Total
# of cases 9 19 24 10 62
-1 67% 70.8% 100% 76.7%
-2 56% 41.7% 100% 58.1%
-3 60% 14.0%
-4 60% 14.0%
-5 60% 14.0%
-6 56% 41.7% 80% 53.5%
-7 0% 16.3%
-8 0% 16.3%
-9 80% 18.6%
=10 44% 33.3% 80% 46.5%
-11 80% 18.6%
-12 60% 14.0%
-13 45.8% 60% 39.5%
-14 0% 16.3%
-15 60% 14.0%
=16 100% 23.3%
-17 78% 45.8% 0% 58.1%
-18 60% 14.0%
-19 60% 14.0%
=20 60% 14.0%
=21 41.7% 60% 37.2%
=22 60% 14.0%
-X 0% 16.3%
-Y 30% 7.0%

*A total of 19 cases were examined with no breakdown details. The authors
reported loss of one copy of the entire chromosome, for most or all of chromosomes
1,2, 6, 10, 13, and 17, seen in the majority of their cases (86%). Further, they
showed losses of chromosomes 3, 5, 8,9, 11, 18, and 21 at significant frequencies
(12% to S8%).

FISH indicates fluorescent in situ hybridization; SNP, single-nucleotide
polymorphism.

consistent with typical ChRCC genetic profile, whereas
chromosomes 3, 4, 7, 12, 14, 15, 16, 18, 20, and 22 frequently
had 3 to 4 copies. The status of chromosomes with 2 copies
and LOH indicated that one copy of these chromosomes was
most likely lost initially in the diploid state (2n) before whole-
genome endoduplication, while chromosomes with 2 or 3
copy numbers without LOH likely originated due to sub-
sequent loss in the tetraploid state (4n), after the whole-
genome endopduplication event*”

The above-mentioned studies on eosinophilic ChRCC
show that most common chromosomal losses are 1 (76.7%).
2 (58.1%). 17 (58.1%), 6 (53.5%), 10 (46.5%), 13 (39.5%),
and 21 (37.2%). No chromosomal gains were found in
eosinophilic ChRCCs.

SARCOMATOID CHROMOPHOBE RENAL CELL
CARCINOMA

Sarcomatoid differentiation in ChRCC, although rare,
has been well-documented and, as in other types of RCC,
carries a poor prognosis for the patient. Five studies inves-
tigated copy number changes in sarcomatoid ChRCC ana-
lyzing 20 tumors in total.!%2%343637 The methodologies
used in these studies included cytogenetics (1 case), FISH
(6 cases), CGH (8 cases in 2 studies. each 4 cases) and
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a-CGH/FISH (5 cases). Figure 4 shows the distribution of
chromosomal losses and gains in these studies and Tables 6
and 7 present tables with detailed findings.

A cytogenetic-based study showed losses of chromo-
somes X, 1, 2, 6, 10, 13, and 17, with no chromosomal
gains.”® In contrast, Brunelli et al'® found that the numerical
chromosomal changes in sarcomatoid ChRCC are different
from those found in ChRCCs with epithelial component
only. They found >1 signal for most of the tested chro-
mosomes in 4 of 6 cases, including multi]ple gains (polys-
omy) of chromosomes 1, 2, 6, 10, and 17. 9

Kang et al®® in a-CGH-based study examined the
chromosomal changes in 4 cases of sarcomatoid ChRCC.
They found gain of chromosome 3p to be significantly more
frequent in these tumors compared with classic ChRCC.
They also found losses of 2p12-32 and 11pl11-15 as addi-
tional chromosomal changes in sarcomatoid ChRCC.%
Using a similar method (CGH), Ren et al’’ studied chro-
mosomal aberrations in 4 sarcomatoid ChRCCs and found
losses of chromosomes 1p, 2q, 21g21-22, 11p12-15, 11p11.2,
9p21, and 8p21-23. The authors also reported gains of
chromosomes 3q13-21, 1q31, 9921, 16p24/21-25, 3p24,
1q21-23, 1ql11, 2p23-24, 1pl3-15, and 3p21-ter.

Sperga et al** studied chromosomal abnormalities in 5
sarcomatoid ChRCCs and found losses of chromosome 10
and 17 and gains of chromosome 3, 4, 5,7, 8,9, 11, 12, 14,
15,18, 19, 20, and 22. Similar to Brunelli et al,!® they found
concurrent chromosomal aberrations in both sarcomatoid
and epithelial components in the majority of cases.

Studies on sarcomatoid ChRCCs show that most
common chromosomal gains are: 3 (100%), 1 (89.5%), 2
(42.1%), 10 (31.6%), 17 (31.6%), 4 (26.3%). 7 (26.3%). 8
(26.3%), 9 (26.3%). and 15 (26.3%). The most common
chromosomal losses in these tumors are: 11 (30%), 2 (30%),
17 (20%), and 10 (20%), which are much less in frequency
compared with classic ChRCCs.

OTHER VARIANTS OF CHROMOPHOBE RENAL
CELL CARCINOMA

In addition to the well-recognized classic, eosinophilic,
and sarcomatoid ChRCC, other architectural/morphologic
variants such as ChRCC with Tpi nented microcystic ade-
nomatoid/multicystic gmw‘th5 4 (F"iigs, 5A-C), ChRCC
with neuroendocrine differentiation®5:549.50 (Fig. 5D),
ChRCC with papillary architecture!? (Figs. 5E, F), and RO-
like ChRCC variant®! have also been described.

Adenomatoid microcystic pigmented ChRCC was first
described in 1998 by Michal et al,” followed by a series of 20
cases in 2005° reported by the same group using FISH. Loss
of chromosomes 1, 2, 6, 10, 13, and 21 was found in 100%,
36%, 91%, 82%, 82%, 82%, and 64% of cases, respectively.
Additional series of 10 ChRCCs demonstrating a distinct
multicystic growth pattern was subsequently reported,*
with genetic features similar to those observed in the
microcystic adenomatoid pigmented ChRCC. Using
a-CGH in 5 cases, they found multiple losses of chromo-
somes 1p, 2q, 6, 13, 17, 21, and X in 2 cases, while 3 cases
showed no numerical chromosomal aberrations. Most
recently Gutiérrez et al®? studied 42 cases of microcystic
pigmented ChRCC using silver-enhanced in situ hybrid-
ization and found monosomy of 7 and 17 chromosomes in
1 of 36 cases and 2 of 37 cases, respectively. They also
reported polysomy of chromosome 7 (in 26/36 cases) and
chromosome 17 (in 4/37 cases).
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FIGURE 3. Distribution of chromosomal losses and gains in classic and eosinophilic chromophobe renal cell carcinoma (ChRCC). No
chromosomal gains were reported in eosinophilic ChRCC in the literatre.

There are 2 case series and 3 case reports describing
ChRCC with true neuroendocrine differentiation confirmed by
immunohistochemistry and ChRCC with a neurcendocrine-
like pattern (histologically similar to neuroendocrine tumors
but immunohistochemically negative for neuroendocrine
markers). %40 The case series by Ohe et al*’ used a-CGH
in evaluating 2 ChRCC with neuroendocrine differentiation

(in total they studied 3 cases, of which 1 was negative immu-
nohistochemically for neuroendocrine markers) and they found
losses of chromosomes 1, 2, 6, 10, 17, 21, and Y in both classic
ChRCC and neuroendocrine areas. They also reported losses of
chromosomes 1, 2, 4, 6,9, 10, 13, 16p, 17, and 21 in both tumor
components of a second case, although a loss of chromosome 5
was identified only in the neuroendocrine area. The authors
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FIGURE 4. Distribution of chromosomal losses and gains in sarcomatoid chromophobe renal cell carcinoma (N = 20).
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TABLE 6. Chromosomal Losses in Sarcomatoid Chromophobe Renal Cell Carcinoma

References Gunawan et al®  Brunelli et al'® Sperga et al™ Ren et al?’ Kang et al*®

Method Cytogenetics FISH a-CGH and FISH CGH and Whole-exome Sequencing CGH Total

# of cases 1 6 5 4 4 20

-1 100% 17% 15.0%
~1p 25%

-2 100% 17% 30.0%
=2q 50%
—2q12-32 50%

-3

-4

-5

-6 100% 33% 15.0%

-7

-8 15.0%
—8p21-23 75%

-9 10.0%
—0q21 50%

=10 100%% 60% 20.0¢%%

=11 30000
~1pll.2 50%
=11pli-15 50%
~11pl2-15 50%

-12

-13 100% 5.0%

-14

-15

=16

-17 100%% 60% 20.0¢%%

-18

-19

=20

=21 5.0%
-21q21-22 25%

=22

=X 100% 5.0%

_'Y'

a-CGH indicates array comparative genomic hybridization; CGH, comparative genomic hybridization; FISH, fluorescent in situ hybrid ization.

found no chromosomal gains in these 2 tumors. A series of 18
unusual ChRCCs with complex architecture, including 4 with
neurcendocrine differentiation and 14 with neuroendocrine-like
pattern were evaluated by a-CGH and FISH methods.* Losses
of chromosomes 1, 2, 6, and 10 were found in 3 of 4 analyzable
ChRCCs with neuroendocrine differentiation, while multiple
losses of chromosomes 1, 2, 6, 10, 13, 17, and 21 and gains of
chromosomes 4, 11, 12, 14, 15, 16, 19, and 20 were found in
7 of 14 cases.

Kuroda et al®! described an oncocytic variant of ChRCC
reporting 5 tumors almost indistinguishable from RO.
Using FISH, they found monosomy of chromosomes 7, 10,
13, and 17 in all 5 cases and loss of chromosome 21 in 4 of
5 cases.”!

We have recently described a series of 8 ChRCC with
predominant papillary architectural growth pattern. !? Using
a-CGH, 2 of 3 analyzable cases showed losses of chromo-
somes 1p36.33-p36.22, 9921.11-q34.3, 1, 2, 6, 10, and 17,
while the third case showed gains of chromosomes 4, 5, 7,
12, 14, 15q11.2-q25.3, 18, 19, 20, and 22.!°

DISCUSSION
Since the introduction of ChRCC as a distinct histo-
logic RCC entity,! many studies have examined the

1 6 | www.anatomicpathology.com

chromosomal CNA in ChRCC, using various cytogenetic
and molecular methods.

Historically, multiple losses of chromosomes 1, 2, 6, 10,
13, 17, and 21 have been considered a genetic hallmark of
ChRCC, both for classic and eosinophilic variants. In the
early years, the pioneering investigators used classic cytoge-
netics, a common and avalable method at the time, and
found that classic ChRCC is associated with multiple losses of
chromosomes 1, 2, 3, 6, 7. 9, 10, 12, 13, 17. 18, and
211718222453 These findings were corroborated by
studies using methods that included RFLP, CGH, micro-
satellite analyses, FISH, and a-CGH.%!819.21.29 31.34.3537-
414344485455 TCGA analysis of ChRCC confirmed the
characteristic pattern of chromosomal losses of 1, 2, 6, 10, 13,
and 17 in 86% of tumors, as well as documented additional
losses of chromosomes 3, 5,8, 9, 11 and 18, and 21q in 12% to
58% of tumors.’® Of note, the analyzed tumors were mainly
classic ChRCCs.

In the last 2 decades, multiple studies have also demon-
strated multiple chromosomal gains in ChRCC +1%-21.34.36.37.40
Although this has generally been deemed an uncommon phe-
nomenon in ChRCC, studies with larger cohorts showed a more
varable genetic profile of ChRCC with mlglj{i]ple chromosomal
losses as well as multiple gains 4192134363740 Most frequently
detected chromosomal gains were 4, 7, 15, 19, and
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TABLE 6. Chromosomal Losses in Sarcomatoid Chromophobe Renal Cell Carcinoma

References Gunawan et al®  Brunelli et al'® Sperga et al™ Ren et al?’ Kang et al*®

Method Cytogenetics FISH a-CGH and FISH CGH and Whole-exome Sequencing CGH Total

# of cases 1 6 5 4 4 20

-1 100% 17% 15.0%
~1p 25%

-2 100% 17% 30.0%
=2q 50%
—2q12-32 50%

-3

-4

-5

-6 100% 33% 15.0%

-7

-8 15.0%
—8p21-23 75%

-9 10.0%
—0q21 50%

=10 100%% 60% 20.0¢%%

=11 30000
~1pll.2 50%
=11pli-15 50%
~11pl2-15 50%

-12

-13 100% 5.0%

-14

-15

=16

-17 100%% 60% 20.0¢%%

-18

-19

=20

=21 5.0%
-21q21-22 25%

=22

=X 100% 5.0%

_'Y'

a-CGH indicates array comparative genomic hybridization; CGH, comparative genomic hybridization; FISH, fluorescent in situ hybrid ization.

found no chromosomal gains in these 2 tumors. A series of 18
unusual ChRCCs with complex architecture, including 4 with
neurcendocrine differentiation and 14 with neuroendocrine-like
pattern were evaluated by a-CGH and FISH methods.* Losses
of chromosomes 1, 2, 6, and 10 were found in 3 of 4 analyzable
ChRCCs with neuroendocrine differentiation, while multiple
losses of chromosomes 1, 2, 6, 10, 13, 17, and 21 and gains of
chromosomes 4, 11, 12, 14, 15, 16, 19, and 20 were found in
7 of 14 cases.

Kuroda et al®! described an oncocytic variant of ChRCC
reporting 5 tumors almost indistinguishable from RO.
Using FISH, they found monosomy of chromosomes 7, 10,
13, and 17 in all 5 cases and loss of chromosome 21 in 4 of
5 cases.”!

We have recently described a series of 8 ChRCC with
predominant papillary architectural growth pattern. !? Using
a-CGH, 2 of 3 analyzable cases showed losses of chromo-
somes 1p36.33-p36.22, 9921.11-q34.3, 1, 2, 6, 10, and 17,
while the third case showed gains of chromosomes 4, 5, 7,
12, 14, 15q11.2-q25.3, 18, 19, 20, and 22.!°

DISCUSSION
Since the introduction of ChRCC as a distinct histo-
logic RCC entity,! many studies have examined the
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chromosomal CNA in ChRCC, using various cytogenetic
and molecular methods.

Historically, multiple losses of chromosomes 1, 2, 6, 10,
13, 17, and 21 have been considered a genetic hallmark of
ChRCC, both for classic and eosinophilic variants. In the
early years, the pioneering investigators used classic cytoge-
netics, a common and avalable method at the time, and
found that classic ChRCC is associated with multiple losses of
chromosomes 1, 2, 3, 6, 7. 9, 10, 12, 13, 17. 18, and
211718222453 These findings were corroborated by
studies using methods that included RFLP, CGH, micro-
satellite analyses, FISH, and a-CGH.%!819.21.29 31.34.3537-
414344485455 TCGA analysis of ChRCC confirmed the
characteristic pattern of chromosomal losses of 1, 2, 6, 10, 13,
and 17 in 86% of tumors, as well as documented additional
losses of chromosomes 3, 5,8, 9, 11 and 18, and 21q in 12% to
58% of tumors.’® Of note, the analyzed tumors were mainly
classic ChRCCs.

In the last 2 decades, multiple studies have also demon-
strated multiple chromosomal gains in ChRCC +1%-21.34.36.37.40
Although this has generally been deemed an uncommon phe-
nomenon in ChRCC, studies with larger cohorts showed a more
varable genetic profile of ChRCC with mlglj{i]ple chromosomal
losses as well as multiple gains 4192134363740 Most frequently
detected chromosomal gains were 4, 7, 15, 19, and
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TABLE 7. Chromosomal Gains in Sarcomatoid Chromophobe
Renal Cell Carcinoma

Brunelli Sperga Ren Kang
References et al'? et al® et al¥’ et al*®
a-CGH  CGH and
and  Whole-exome
Method FISH FISH sequencing  CGH  Total
# of cases G 5 4 4 19
+1 83% B9.5%
+1g31 25%
+1pl3-15 100%
+1g21-23 100%
+Igl1 75%
+2 83% 42.1%
+2p23-24 5%
+3 100%: 100.004
+3p 10074
+3p21-ter 10074
+3g13-21 5%
+3g24 75%
+4 100%: 26.3%
+5 60F% 158%
+3q
+6 67% 21.1%
+7 100%: 26.3%
+8 100%: 26.3%
+9 BlG 26.3%
+9g21 25%
+10 100%% 3l6%
+11 B0 21.1%
+11pl2pl5.1
+12 BlG 21.1%
+13
+14 B 21.1%
+15 100%: 26.3%
+16 10.5%
+16p24/21-25 0%
+17 100%%:
+18 B
+19 607
+20 607G
+21
+22 600G 15.8%
+X
+Y

a-CGH indicates array comparative genomic hybridization; CGH,
comparative genomic hybridization; FISH, fluorescent in situ hybridization.

20.419-21.34.36.3740 {Jnlike classic ChRCC, diploid chromosomal
pattern was more commonly found in the eosinophilic variant.
In the studies by Davis et ¢ al®> and Ohashi et al,*® 33% (14/43) of
eosinophilic ChRCCs showed diploid status. We also recognize
that some cases with diploid chromosomal pattern, suspicious
for eosinophilic ChRCC, may in fact represent RO with atyp-
ical features or novel emerging entities. It is worth noting that
only few studies re ;)or'ted diploid chromosomal copy numbers in
classic ChRCC,'%3%4346 indicating that the landscape of
molecular genetic abnormalities of ChRCC encompasses a
considerably broader spectrum than previously thought. It
should be noted that although both RO and ChRCC arise from
the distal nephron, they do not represent a continuum of pro-
gression from benign to malignant disease. Even eosinophilic
ChRCC, which share some morphologic features with RO, has
a different CNA and gene expression landscape than RO
In addition to classic and eosinophilic variants, sar-
comatoid differentiation in ChRCC, although uncom-
mon, has been investigated for CNA.19.28343637 14
appears that these tumors carry multiple chromosomal
gains including 1, 2, 6, 10, and 17, which are often
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different than the CNA seen in the epithelial component.
Overall, sarcomatoid ChRCCs tend to have higher
frequency of chromosomal gains, particularly in 1, 2, and
3. In contrast, these tumors appear to have lower
frequency of chromosomal losses.

Studies of other rare ChRCC variants such as ChRCC
with gn_gmented microcystic  adenomatoid/multicystic
growth,”> 7 ChRCC with neuroendocrine differen-
tiation, 4894930 ChRCC with papillary architecture,!’ and
RO-like ChRCC variant®! also showed variable chromosomal
numerical aberrations including multiple losses (more com-
mon) and gains (less common). CNA in metastatic ChRCCs
appear to show that distant metastases demonstrate the same
genetic patterns, usually chromosomal losses (monosomy),
found in the primary tumors.!?

Liu et al*’ recently discovered that ChRCC could be
either hypodiploid with characteristic monosomies of chro-
mosomes 1, 2, 6, 10, 13, and 17, or can show double
hypodiploidy (4n), with relative chromosomal losses of the
same set of chromosomes. This important observation of
chromosomal endoduplication could explain the hetero-
geneity of chromosomal numeric aberrations resulting in
combined losses and gains. They suggested that the phe-
nomenon of doubled hypodiploidy, commonly observed in
ChRCC, could be explained by coexisting intra-tumoral
clones and/or compensatory polyploidization of the genetic
imbalances, to maintain tumor viability. Additional studies
comparing ChRCC with hypodiploidy and doubled hypo-
diploidy could help better understand their biological
behavior, morphologic variation, and clinical associations.

Hybrid oncocytic/chromophobe tumors, commonly
associated with Birt-Hogg-Dubé syndrome, represent a
poorly understood and genetically heterogenous group of
tumors that may have mixed RO and ChRCC features.?’
Recent studies have shown that these tumors cytogenetically
fall between RO and ChRCC, although clustering closer to
RO than to ChRCC based on RNA transcript data.*’-*’
Iribe et al*® also studied 19 tumors associated with Birt-
Hogg-Dubé syndrome (12 ChRCCs, 5 hybrid oncocytic/
chromophobe tumors, and 2 clear-cell RCCs) using the SNP
array. The authors found 8 had balanced genomic profiles, 2
had gains in chromosome 3q, and 1 had gains in chromo-
somes 1q and 7.

TCGA of ChRCC showed that 7P53 and PTEN are the
most frequenfly mutated genes in ChRCCs.*¥ Loss of
CDEN2A or its expression, by either deletion of 9p21.3 or
hypermethylation, was the second most common alteration. 6>
In addition, pathway analysis demonstrated alterations in PI3K-
AKT-mTOR pathway genes, including PTEN, TSCI, TSC2,
and MTOR, in ChRCCs, which would ?otentially' result in
appropriate targets for mTOR inhibitors,8-6-7

In summary, genomic instability, including the
whole-chromosome aneuploidy, is a hallmark of human
cancer, but the level of chromosomal losses and gains
observed in ChRCC is remarkable. Earlier studies have
shown that ChRCC characteristically demonstrates a
unique pattern of chromosomal losses of 1, 2, 6, 10, 13,
and 17. Subsequent studies, however, showed variable
morphologies and genetic profiles with combinations of
chromosomal losses and gains, suggesting that ChRCC
represents a heterogenous group of neoplasms both from
a morphologic and a chromosomal genetic perspective.
Therefore, the role of routine evaluation of the chromo-
somal numerical aberrations in the differential diagnosis
of ChRCC may be limited.
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FIGURE 5. A, Adenomatoid pigmented chromophobe renal cell carcinoma (ChRCC) with complex architecture showing tubular and
cribriform patterns. B, Adenomatoid pigmented ChRCC. Leaf-like cells with perinuclear clearing and voluminous deposits of lipochrome.
C, Multicystic pattern in ChRCC as an unusual architectural pattern, while cytologic features are identical to classic ChRCC. D, ChRCC
with neurcendocrine differentiation. Neuroendocrine differentiation must be confirmed by immunchistochemistry. E, ChRCC with
papillary pattern. Rarely, ChRCC can be arranged in true papillary pattern; however, in majority of cases such structures formed only part
of tumorous volume. F, ChRCC with papillary pattern in high-power view demonstrated typical raisinoid nuclei.
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3.7  Eosinophilic vacuolated tumor (EVT) of kidney demonstrates sporadic
TSC/MTOR mutations: next-generation sequencing multi-institutional study of 19
cases.

Eosinophilic vacuolated tumor (EVT) of kidney is a unifying, consensus name
proposed by Genitourinary Pathology Society (GUPS) for emerging entity arising from
difficult to classify group of eosinophilic (oncocytic) kidney tumors. In the literature it was
described under names “high-grade oncocytic renal tumor (HOT)” or “sporadic renal cell
carcinoma with eosinophilic and vacuolated cytoplasm”. In this multi-institutional study, we
evaluated 19 EVTs, for their clinicopathological, immunohistochemical and particularly
molecular features using next-generation sequencing.

All cases included in this study were sporadic and none of the patients had
documented tuberous sclerosis complex. There were 8 men and 11 women, with the age range
from 15 to 72 years. Pathologic stage ranged from pTla to pT2b. Tumour size ranged from
1.5 to 11.5 cm. Follow-up data was available for 18 patients, all of them were alive and with
no evidence of disease recurrence or progression during the follow-up period ranging from 12
to 198 months. All tumours were circumscribed but non-capsulated, with no necrosis and no
visible macrocysts. Microscopically, tumours exhibited nested to solid growth pattern with
focally present tubular architecture. On periphery of the tumour, prominent, thick-walled
vessels were easily seen, as well as entrapped, non-neoplastic, small tubules. Tumours were
composed of voluminous eosinophilic cells, prominent membranes with sticking, large
intracytoplasmic vacuoles, round to oval nuclei, and prominent nucleoli corresponding to
WHO/ISUP grade 3. Mitoses were exceptionally rare. Immunohistochemical profile was
relatively consistent with positivity for Cathepsin K, CD117, CD10, and antimitochondrial
antigen (MIA) in all cases, together with PAXS8, AEI/AE3, and CK18. CK7 positivity was
limited to scattered cells. Focal CK20 reactivity was exhibited in minority of cases. Negative
staining included: vimentin, HMB45, Melan-A, and TFE3. All tumours showed retained
SDHB expression. Proliferation index was less than 1%. Molecular studies in all cases
revealed non-overlapping mutations of the mTOR pathway genes: TSCI, TSC2, and MTOR.
One case with MTOR mutation showed a coexistent RICTOR missense mutation. All samples
revealed low mutational rate. Microsatellite instability and copy number variations were not
found in any of the 17 analyzable cases. Differential diagnosis includes mainly ambiguous
group of oncocytic/eosinophilic, difficult to classify tumours, that EVT arose from. Other
possible mimickers include: MiTF RCC (TFEB and TFE3), SDH-deficient RCC, and ESC
RCC.

EVT represents an emerging renal entity with distinct morphology and typical genetic
background with alteration of mTOR pathway. Up to date, based on limited evidence, EVT
appears to follows a benign clinical course. However, future studies are necessary to confirm
this conjecture.
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A distinct renal tumor has recently been described as “high-grade oncocytic renal tumor” and “sporadic renal cell carcinoma with
eosinophilic and vacuolated cytoplasm”. The Genitourinary Pathology Society (GUPS) consensus proposed a unifying name
“eosinophilic vacuolated tumor” (EVT) for this emerging entity. In this multHinstitutional study, we evaluated 19 EVTs, particularly their
molecular features and mutation profile, using next-generation sequencing. All cases were sporadic and none of the patients had a
tuberous sclerosis complex. There were 8 men and 11 women, with a mean age of 47 years (median 50; range 15-72 years). Average
tumor size was 4.3 cm (median 3.8 cm; range 1.5-11.5 cm). All patients with available follow-up data (18/19) were alive and without
evidence of disease recurrence or progression during the follow-up, mnging from 12 to 198 months (mean 56.3, median 41.5 months).
The tumors were well drcumscribed, but lacked a well-formed capsule, had nested to solid growth, focal tubular architecture, and
showed ubiquitous, large intracytoplasmic vacuoles, round to oval nudlei, and prominent nucledli. Immunchistochemically, cathepsin K
CD117, CD10, and antimitochondrial antigen were expressed in all cases Other positive stains induded: PAXB, AE1/AE3 and CK18. CK7
was typically restricted only to rare scattered cells. Vimentin, HMB45, melan-A, and TFE3 were negative in all cases. All tumaors showed
retained SDHB. All cases (19/19) showed non-overlapping mutations of the mTOR pathway genes TSCT (4), T3C2 (7), and MTOR (8); one
case with MTOR mutation showed a coexistent RICTOR missense mutation. Low mutational rates were found in all samples (ranged
from 0 to 6 mutations/Mbp). Microsatellite instability and copy number variations were not found in any of the 17 analyzable cases. EVT
represents an emerging renal entity that shows a characteristic and readily identifiable morphology, consistent immunohistochemical
profile, indolent behavior, and mutations in either TSCT, T5C2, or MTOR genes.

Modern Pathology (2022) 35:344-351; https://doi.org/10.1038/541379-021-00923-6

INTRODUCTION classification, that emerged from the group of difficult to classify
Recently, two studies have described a distinct renal tumor, eosinophilic (oncocytic) renal tumors'™, This novel type of renal
previously unrecognized and not listed in the 2016 WHO tumor had a readily recognizable morphology and was composed
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of eosinophilic (oncocgytic) cells with large intracytoplasmic
vacuoles, atypical nuclear features with prominent nudeoli, and
exhibited a relatively consistent immunohistochemical profile. The
initial names proposed for this tumor were “high-grade oncocytic
renal turmor (HOT)” by He et al.” and “sporadic renal cell carcinoma
with eosinophilic and vacuolated cytoplasm” by Chen et al® Al
patients included in these two studies presented with non-
syndromic, selitary tumors, and both studies described virtually
the same tumor morpholegy and immunoprofile. All reported
tumors had indolent behavior, although with relatively limited
follow-up data. One additional case was subsequently documen-
ted in a patient with tuberous sclerosis complex (TSCF, in contrast
to the previously reported sporadic cases. The prevalence of this
type of tumor in a sporadic and syndromic setting is currently
unknown,

The molecular insights into this entity have so far been limited.
Chen et al found somatic inactivating mutations of T5C2 in 3/5
tumors tested, activating mutations of MTOR in 2/5 tumors tested,
additionally loss of chromosome 1in both cases showing an MTOR
mutation, consistent with a hyperactive MTOR complex. He et al.
also found loss of chromosome 1 (3/9), but also of chromosome 19
(4/9 cases), and loss of heterozygosity at 16p11 (3/3 cases) and
7931 (2/3 cases) were observed. No other chromosomal gains or
losses were found in both studies,

Most recently, a unifying consensus name for this entity,
“ensinophilic vacuolated tumor” (EVT) has been proposed by the
Genitourinary Pathology Society (GUPS)*, to reflect the most
salient morphologic features of this entity. GUPS proposed that
EVT should be considered an “emerging renal entity”, requiring
additional work and validation.

Therefore, the aim of this study was to further characterize EVT,
to ewvaluate and validate its molecular features and mutation
profile, focusing specifically on investigating the alterations of the
mTOR pathway.

MATERIAL AND METHODS

Case selection

Atotal of 25 cases were initlally considered as possible EVT, primarily based
on the morphology. Only 3 of these were previously included in the He
et al. study (cases #1, #3, and #9 in the current study)’. However, these
cases were initially not analyzed more comprehensively for molecular-
genetic changes, and in the curent study we provide an updated follow-
up for these cases. The 22 new cases wene identified and collected from
the files of the University Hospital Plzen, University of Calgary, Cleveland
Clinie, Institute Macional de Cancerologla Mexico City, University of
‘Washington, Seattle, University of Sydney, Hopital Tenon Paris, University
of Alabama at Bimmingham, Stradin’s University, Riga, University of Toronto,
McGill University, University of Szeged, University of Erlangen, Universi-
tatsklinikum  Hamburg-Eppendorf, Alfa Medical, Bratislava, University
Hospital Ostrava, University Hospital Nitra, and Cruces University Hospital,
Barakaldo. All available clinical and other data were obtained from the files
of the participating institutions.

Two pathelogists performed a final review of all cases (OH and KT) witha
critical evaluation of the morphology, immunchistochemical profile, and
molecular-genetic features. The final cohort incleded in the study
consisted of 19 cases, based on the morphologic features, immunoh isto-
chemical profile, and molecular-genetic features. Six cases were excluded
from the final cohort. One case was excluded because the DNA guality was
insufficient for a complete molecular-genetic analysis, although this case
fulfilled the morphologic crteria and the immunchistochemical profile for
an EVT. Two patients had FLCN mutations, but not T5C7, T5C2, and MTOR
mutations, despite some morpholegic and immunchistochemical simila-
rities to EVT. On further investigation, one patient had a single renal tumor
(1.7 cm), skin lesions, family history of renal tumors, and a pneumothormax
in the past but was never tested genetically for Birt-Hogg-Dubé (BHD); the
second patient had a single renal tumaor (1.5 cm), but no history of BHD.
Finally, 3 additional cases demonstrated no mutations of TSC1, TSC2, and
MTOR when analyzed by the next-generation sequencing (NGS) panel used
in this study, although they showed a morphologic similarity with EVT on
the initial evaluation. Mo other significant molecular changes were
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identified in these 3 cases. Detailed information about the & excluded
cases s provided in the Supplementary Tables 1 and 2.

Immunohistochemistry

Al immunohistochemical (IHC) stains were performed at a single
laboratory (University Hospital Plzen), using a Ventana Benchmark XT
automated stiner (Ventana Medical System, Inc, Tucson, AZ USA) The
following primary antibodies were used: cytokeratin (polyclonal AET-AE3
and PCK28, Ventana, RTU), CK18 (DC 10, monoclonal, DakoCytomation,
Carpintera CA, 1: 100), CK7 [OW-TL12/30, monoclonal, DakoCytomation,
1:200), cytokeratin 20 (M7019, monoclonal; Dako; 1:100), racemas e/ AMACR
(PS04S, monoclonal Zeta, Sierra Madre, CA&; 1:50), vimentin (V9, mono-
clonal; Cell Marque, Rocklin, CA; RTU), Ki-67 (moneclenal, MIB-1, 1:400,
Dako), TFE3 (monoclonal, MRQ-37, RTU, Ventana Medical System, Inc), c-kit
(CD117, polyclonal, DakoCytomation, 1:300), CD10 (Sp67, monoclonal,
Ventana, RTU), ant-melanosome (HMB45, monoclonal, DakoCytomation,
1:200), Melan A (A103 monoclonal, Ventana, RTU), PAX 8 [MRQ-50,
monodonal, CellMargue, Rocklin, CA, RTU), antimitechondrial antibody
(113-1, monoclonal, Biogenex, 5an Ramon, CA, 1:500), SDHE {polyclonal,
Sigma Aldrich, St Luis, MO, 1:50), cathepsin K (3F9, monoclonal, Abcam,
Cambridge, UK, 1:400). Primary antibodies were wvisualized using a
supersensitive streptavidin-biotin-peroxidase complex (BloGenex). Intemal
biotin was blocked using the standard protocol for the Ventana Benchimark
KT automated stainer (hydrogen peroxide based). Appropriate positive and
negative controls were used. IHC result were interpreted as follows: (—) i
0% of neoplastic cells were positive; (+/-) <10% of cells positivel; (+)
10-25% of cells positive; () >25-50% of cells positive; (++); >50-75%
of cells positive; and (4 44) >75-100% of cells positive.

Next-generation sequencing

The tumor DNA samples were profiled using massively parallel sequencing
of exons from 592 genes (SureSelect XT, Agilent, Santa Clara, CA and the
NextSeq instrument, llumina, San Diego, CA), as previously described®, The
tumor mutational burden (TMB) was assessed by calculating the number of
nonsynonymous missense mutations, excluding commoen gemline var-
lants, in one megabase of DNA. TME was considered high f =11
mutations/megabase [muts/Mb) wene detected” Microsatellite instability
(MSI) was calculated from the NGS data by direct analysis of short andem
repeat tracts in the tanget reglons of sequenced genes. The count only
included alterations that resulted in increases or decreases in the number
of repeats; high microsatellite instability (MSkH) was defined as =46 altered
microsatellite locl. This threshold was established by comparing NGS
results with PCR-based microsatellite fragment analysis results in
~2100 samples’,

RESULTS
Clinicopathologic and immunohistochemistry results
Clinicopathologic data and immunchistochemistry results are
summarized in Table 1. There were 8 men and 11 women (MFf =
1:1.4), with @ mean patient age of 47 years (median 50; range
15-72 years). Average tumor size was 4.3 cm (median 3.8, range
1.5-11.5cm). Pathologic stage pTla was found in 12118 cases,
5/18 were pTlb, and 1/18 was pT2b (tumor size and stage
information was not available for case #19). All patients (18/19)
with available follow-up data were alive and without evidence of
disease (recurrence or progression) during the follow-up, ranging
from 12 to 198 months (mean 56.3, median 41.5 months).
Grossly, all tumors were circumscribed and solid, lacked a well-
formed capsule, macrocysts, and necrosis. The cut surface was
gray, tan-mahogany or dark brown (Fig. 1). On microscopy, the
common architectural patterns included solid, compact acinar,
nested, or broad trabecular, as well as focal tubular or tubulocystic
architecture. Prominent thick-walled vessels were typically present
at the periphery and small non-neoplastic tubules were often
entrapped at the periphery. The neoplastic cells had prominent
membranes and voluminous eosinophilic cytoplasm, usually non-
homogeneous, with wvariable granularity, typically condensed
toward the cell periphery, reminiscent of chromophobe RCC
(ChrRCC). Importantly, the cells had ubiquitous and large
intracytoplasmic vacuoles and round to oval nuclei, with more
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Table 1.

Patient Age [years) Gender Size [om) Follow-up [months)* iz
1 37 F ER 52 -
2 52 M 4.1 36 -
3 52 F is5 162 —_——
4 63 F as 198 —_—
5 68 F 45 48 —_——
& n F is n —_—
7 Fi3 M ET:) 75 4
& T ] is 144 +

a 54 M 28 50 —_——
i0 52 F 40 18 —_——
il 50 ] 55 iz —_——
12 15 M 115 19 —_——
i3 62 F 40 47 +

14 7 F 30 58 —_——
i5 36 F 40 WA +

i6 &1 F 50 i5 +—
17 42 M 10 18 +—
18 &4 M 25 i6 -
i9 44 F A i5 -

Clinicopathologic features, follow-up, and immunchistochemical findings in patients with eosinophilic vacuolated tumor (BVT).

K7 CK20  Cathepsin K  CD10 MiA AMAR Vimentin
- - it et e 4t —
- - P e e — —
T B P P e 4t —
+f— HMA - —t 1+ + -
- - P e e — —
- - P et NS — —
- = —+ e i -
- - P +r et 4+t —
- - 4 S 4t 4+t —
- - P e + + —
- - + S + + —
- o+ it S et e -
— — P NA e o+ —

NA not available, CK cytokeratin, MIA antimitochondrial antigen, AMACE Alpha Methy lacyl-Cof Racemase.
4l patients with available follow-up were alive and without evidence of disease (recurrence or progression) during the follow- up. Immunohistochemistry:
[+f—) =10% of cells positivel; (+) 10-25% of cells positive; (++) >25-50% of cells positive; (+++) >50-75% of cells positive; (++++) >75-100% of cells

positive; (—) negative.

granular to coarse chromatin, and prominent nucleoli (corre-
sponding to WHO/ISUP grade 3), although often even larger
inclusion-like nucleoli were found in virtually all cases. Mitoses
were an exceptionally rare finding.

On immunohistochemistry, cathepsin K was expressed in all
cases, as well as CD117 (in some cases, both were focal) (Fig. 2). All
tumors were also positive for CD10 and antimitochondrial antigen
(MIA). Other positive stains (not listed in Table 1) included PAXS,
AE1/AE3, and oytokeratin (CK) 18; SDHB were retained in all cases,
exhibiting strong and diffuse reactivity. AMACR was also variably
positive in the majority of cases (16/19). CK7 was typically very
focal and limited, restricted to scattered positive cells, usually not
exceeding 10% of neoplastic cells overall. Focal CK20 reactivity
was also noted in 6/18 evaluated tumors, typically limited and very
focal. All tumors were completely negative for vimentin, Other
negative stains (not listed in Table 1) included HMB45, Melan-A,
and TFE3. Ki67 reactivity was very low in most of the cases (<1%),
typically with 0-3 positive cells/high-power field.

Molecular results

Maolecular-genetic findings are summarized in Table 2 and Fig. 3.
All 19 analyzed cases showed non-overlapping mTOR pathway
mutations in either TSCT, T5C2, or MTOR genes. Four cases showed
exclusive pathogenic T3CT gene mutations. T3C2 gene mutations
were identified in 7 cases. Single pathogenic (or likely pathogenic)
MTOR gene mutations were identified in & cases; one of these
showed a coexistent RICTOR missense mutation (case #7). Low
mutational rates were found in all samples, ranging from 0 to &
mutations/Mbp. Microsatellite instability and copy number varia-
tions were not found in any of the 17 analyzable cases. Of note,
two cases (#3 and #9) that lacked copy number variations in the
current study, were also analyzed in the previous study by He et al.
and showed —19p and —1, +19p, respectively (shown as cases #2
and #12)". The differences in the results for these two cases likely
stem from the methodological differences in the techniques used.
While He et al. used CGH microarray analysis, which is
comprehensive genome-wide screen for copy gains and losses,
in the current study we only screened for isolated gene
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amplifications (at least six copies) involving a specific gene panel,
which allows for a less detailed chromosomal analysis.

DISCUSSION

This study represents the largest molecular evaluation series of
EVT reported to-date, assembled through a multi-institutional
collaboration. Importantly, we confirmed non-overlapping mTOR
pathway genes mutations in all studied cases, which further
confirms and validates the molecular profile of EVT. All EVT cases
included in this series showed mutually exclusive alterations of
TSC1 (4/19), T5C2 (7/19), or MTOR (8/19) genes. Although only
single inactivating TSCT and TSC2 gene mutations were detected
in some samples, two different mutations were found in other
cases (e.g, case #1, 43, #4, #14, #15, and #19); it is presumed that
the samples with only one detected mutation had biallelic
inactivation either due to synonymous mutations or LOH. This
discrepancy can be explained by the limitations of the methodol-
ogy used, which does not capture the intronic or promoter
regions of the gene, including the LOH or epigenetic changes. We
can only speculate on the significance of the concomitant MTOR/
RICTOR alterations observed in one tumor (case #7) and their role
as possible co-oncogenic drivers, as postulated recently in non-
small cell lung cancer”. Mevertheless, the consistent molecular
profile observed in this study, in addition to the characteristic
morphology and immunoprofile, further support the notion that
EVT truly represents a distinct renal entity. Of note, none of the 19
patients showed dinical features or other findings (for example
renal angiomyolipomas) typically assodated with TSC, indicating
the sporadic nature of the studied tumars. Lastly, all patients with
renal EVTs were alive and without evidence of disease recurrence
or progression during the follow-up, which further supports the
initial observations that this likely represents an indolent
tumaor type.

In 2018 He et al presented a study that included a multi-
institutional series of 14 cases, and proposed that this renal tumor
potentially represents a distinct entity; some of the authors of the
current study also participated in that 5tudy|. He et al. initially
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?well-fﬂnned capsule, macrocysts, and necrosis. The cut surface can be gray (as shown), tan-mahogany or dark brown. B On microscopy, they
often show solid growth, and large thick-walled vessels are typically found at the periphery, with entrapped non-neoplastic tubules. € The
neoplastic cells have large intracytoplasmic vacuoles. D, E Other growth patterns include tubular and nested, often set in stromal areas in the
background. F The neoplastic cells, in addition to large vacuoles, have voluminous eosinophilic oitoplasm, round to oval nudlei, and often

very prominent nudeaoli, that focally may appear as indusions.

designated this type of tumor as “high-grade oncocytic tumor”
HOT)'. 9/14 cases of the initial study were analyzed by aCGH,
although a more extensive molecular-genetic analysis was not
performed. Subsequently, in 2019, Chen et al. reported a single-
institution series of 7 cases, designated “sporadic renal cell
carcinomas with eosinophilic and vacuolated cytoplasm”, demon-
strating virtually identical clinicopathalogic and histomorphologic
features®. In 5/7 cases, in which they performed molecular
analysis, 3 had a TSC2 inactivating mutations (2 with independent
TSC2 mutations). The other 2 analyzed cases harbored a MTOR
¢ 7280T>G, p.(L2427R) mutation. In the current study, we found
that MTOR mutations were slightly more frequent than the TSC2
ones (8 and 7 cases, respectively); in addition, we also found 4
cases with T5CT mutations. Both cases with MTOR activating
mutations in the study by Chen et al’ also had a loss of
chromosome 1, as shown initially by He et al.". The presence of
hyperactive mTORC1 signaling was supported by the diffuse
immunchistochemical staining for p-56 and p-4EBP1°%

Modern Pathology (2022) 35:344-351

Similar to the current series, all patients in the two initial studies
presented with solitary, tan-yellow to brown tumors, and had no
prior history of syndromic associations, including TSC'2. All initially
reported tumors were stage pTla or pTib, with identical mean
size of 34cm, ranging from 1.5 to 7cm'”. Regarding the
immunoprofile, the evaluated cases in these two series were
Cathepsin K positive (negative in only 1 case); 9/14 cases in
the series by He et al. also had CD117 expression, while CK7 was
either negative or only focally positive in both studies'”. CD10
expression was documented in 12/13 cases in the He et al. study
(not performed by Chen et al)'. The remaining immunoprofile
documented in the He et al. study essentially mirrored the
findings of the current study. Examples of EVT (HOT) were also
studied by electron microscopy and demonstrated numerous
intracytoplasmic mitechondria resembling the findings in renal
oncocytoma’. In the study by He et al, 10 patients with available
follow-up were without disease progression after a mean follow-
up of 28 menths (range 1-112 months)'. Similarly, Chen et al. also
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Fig.2 Eosinophilic vacuolated tumor (EVT) - immunchistochemistry. A On immunohistochemistry, cathepsin K was expressed in all cases
Of note, in some cases we have also noted a focal membranous (or submembranous) pattern, in addition to the cytoplasmic one, that was
maore common. B Reactivity for CD117 was also found in all cases (in some cases, both cathepsin K and CD117 were focal). C All tumors were
also positive for CD10. D CK7 was typically very focal and found in only scattered cells; in some cases, only very rare CK7 positive cells were

present (inset).

Table 2. Moalecular-genetic findings: mutations in TSC1, TSC2, MTOR, and RICTOR, copy number variation in tested genes,

Case T5C1

i i 19974+ 1G>T; c.2278A>T
2 € 23740-T

3 nja

4 n/a

i n/a

[i] nfa

7 wi

8 WL

9 Wi

10 wk

1 €2299C-T

12 wi

13 wt.

14 €.1548_1550delinsTC; €.736A>G
15 w.t.

16 wi

17 wit.

18 wi

19 wi

w.t wild type, n‘a not analyzablefavailable.
*Published in Virchows Archives 2018.
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TSCQ2
wit.
w.iL

€5161-1G>T; £1373_13%9del1
.1801_1802delinsT; c911G=A

c.784delA
w.t.
wit.

€.953_959del; c 4650_4651del

€.2384del
WL
€5227C>T

cAB03dup; c 5238_5255del

94

MTOR RICTOR
wi nfa

WL (AR

nja n/a

na n/a

n/a n/a
C72B0T>G nfa
€7257_7259deinsTGT €910C-A
C7280T=A WL
c5930C>A w.t.
c7280T>C wet

wi w.t.
C72B0T>G wet
c4343_4363del WL

wi w.t.

Wi w.it.

wi w.it.
C7280T=A wit.

wi w.k.

wi w.it.

CNV
None
None
None
None
Nane
None
nfa
None
None
None
None
None
None
None
None
None
None
None
None
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CASE 1 2 3 4 5 & 7 B k] 1 12 13 kL 15 16 17 13 19
TMEME | 4 5 4 na L] ] 5 nia 4 2 1 2 ] 3 1 1 2 1 3
MSI 5 5 5 nya 5 5 5 nfa 5 5 5 5 5 5 5 5
TSCH 1 1 |
TEC2
MTOR
nCToR [ | | | 1
Baomarkers
[ e Jron snstpsabie |
[Sable |
Mutations:

Fig. 3 Eosinophilic vacuolated tumor (EVT) - melecular findings. All 19 analyzed cases showed non-overlapping mTOR pathway
substitution mutations in either T5C1, T5C2, or MTOR genes. In some cases, combinations of splice-missense, splice-frameshift, frameshift-
missense, of dual frameshift mutations were found. The mutation details are shown in Table 2.

reported an indolent behavior in all 5 patients with available
median follow-up of 12 months (range 10-128 months)’.

One female patient with EVT [desi?nated as "HOT") was
subsequently reported in a TSC patient”. However, this patient
had a known history of TSC and alo had multiple small
angiomyolipormas and one small renal cell carcinoma with
fibromyomatous (angioleiomyomatous) stroma, adjacent to the
EVT, as typically seen in TSC patientsm. In our epinion, similar or
virtually identical tumors to EVT, according to our assessment of
the available illustrations and provided data, have also been
included in some recent studies, albeit designated with different
names. For example, such tumors with similar morphology
harboring TSC mutations have been included in a series of
“eosinophilic renal tumors™ ', Further, some examples illustrated
in the study by Palsgrove et al. (listed as cases #6 and #7) may also
represent EVT, rather than eosinophilic solid and cr'stic renal cell
carcinoma (ESC RCC), as proposed by the authors'?. Taking into
account that several studies used different terminology to
describe essentially the same renal tumor type, the Genitourinary
Pathology Sodety (GUPS) consensus group has recently proposed
a new unifying name “eosinophilic vacuolated tumor” (EVT) for
this entityq. The proposed name reflects the typical morphologic
features ("ecsinophilic and vacuolated”), and avoids the “high-
grade” descriptive characterization used initially; the term “tumor”
instead of “carcinoma” was preferred, given that all reported cases
so far had indolent behavior®.

In our view, the most important differential diagnostic category
for EVT are those tumors that are difficult to classify and exhibit
‘borderline’ or overlapping features between oncocytoma and
ChrRCC, which can be found either in syndromic or sporadic
setting'®' """, Such eosinophilic {oncocytic) tumors with over-
lapping morpholegies pose a commen diagnostic dilemma and
do not fit into any of the currently recognized renal tumor
categories in the WHO classification'™'®, In brief, the typical EVT
morphology is beyond the morphologic spectrum of renal
oncocytoma, despite the HC similarities that indude reactivity
for CD117, accompanied by focal CK7 expression, typically
restricted to scattered cells or cell clusters. Although the “plant
cell-like” pattern of dassic ChrRCC can superficially resemble EVT,
ChrRCC lacks marked cytoplasmic vacuoles, “atypical” nucear
features with wvery prominent nucleoli, and exhibits irregular
(“raisinoid”) nuclei, not seen in EWT. Although both oncocytoma
and ChrRCC demonstrate CD117 reactivity, they are negative for
cathepsin K, as seen in EVT. Of note, ChrRCC also typically shows
diffuse CK7 reactivity, unlike EVT.

The recent GUPS update on the novel developments in existing
renal tumors proposed the term “oncocytic renal neoplasm of low
malignant potential, not further dassified”, when referring to
solitary and sporadic, difficult to dassify borderline’ tumors with
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overlapping features between oncocytoma and ChrRCC.'®. Her-
editary cases, that are typically multifocal and bilateral, should
exdusively be named “hybrid oncogytic turnors”™. Such cases with
“hybrid” morphology in the setting of BHD syndrome are often
characterized by scattered dusters and individual cells with clear
cytoplasm, exhibiting a “checkerboard” mosaic pattern. Indeed,
we found a significant morphologic and immunoprofile overlap
between EVT and two similar tumors that had FLCN mutation.
These tumors were initially considered as possible EVTs, but were
exduded from the final cohort because both lacked TSCMTOR
mutations and showed instead FLCN mutations (Fig. 4A, Bl. One of
these patients likely had an inherited BHD syndrome, and one
likely had a new somatic mutation, without the BHD stigmata.
These two cases demonstrated similar morphology to EVT, despite
some subtle differences, such as a mosaic-type pattern and
absence of prominent nucleoli (e, high-grade nudear features)
and they also had immunchistochemical similarities with EVT (see
Supplementary Tables 1 and 2). From a practical standpoint, we
would consider those cases with documented ALCN mutations
(and absent TSC/AMTOR mutations) as “hybrid oncogytic tumors”, For
the sake of the study clarity, we also excluded 4 additional cases:
one case because it had low DNA quality that did not allow to
perform  all genetic studies, and 3 cases that had similar
morphelogy and immunchistochemical profile (CD117, CD10,
cathepsin K, and MIA positive) to EVT, but had no identifiable
mutations of TSCT, TSC2, and MTOR (Fig. 4C, D). It is possible that
these cases may have had undetected TSC/MTOR mutations when
analyzed by the NGS panel applied in this study; however, they
also lacked other identifiable mutations. Such cases are currently
best considered ‘renal oncocytic neoplasms, not otherwise speci-
fied”. If signing out such cases in practice, one may add“with EVT-
like features”.

Other, less common renal tumors that can potentially mimic
EVT indude MITF RCC (TFEB and TFE3), SDH-deficient RCC, and
ESC RCC, another novel renal entity and their distinguishing
features have been covered in several recent reviews"® ",
Regarding the similarities with ESC RCC, EVT indeed shares
molecular similarities that include the presence of TSC2 and T5C1
mutations and activation of the mTOR pathway; additionally, rare
examples of both entities have been found in T5C patients. EVT
can be distinguished from ESC RCC primarily on morphology, as it
typically lacks a macrocystic gross component (typically found in
ESC RCC), has large cytoplasmic vacuoles (not usually seen in ESC
RCC), and generally lacks the coarse cytoplasmic granularity seen
in ESC RCC (such granularity can howewver rarely be found in some
EVTs). There are also IHC differences between EVT and ESC RCC
EVT typically exhibits CD117+/vimentin—/CK20— profile (though
rare cases may show focal CK20+ cells), which is different from the
typical ESC RCC immunoprofile CD117—/vimentin+/CK20+".
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Fig. 4 Examples of cases excluded from the study that showed similarities with eosinophilic vacuolated tumor (EVT). Two cases with FLCN
mutations are illustrated in A and B. These two cases had similar morphology to EVT, despite some subtle differences, including a mare
maosaic-type growth and absence of prominent nucleoli. One of these patients (A) likely had a true BHD syndrome, and one (B) had a new
mutation, without the BHD stigmata. Both cases lacked TSC/MTOR mutations. They also showed immunchistochemical similarities with EVT,
including cathepsin K reactivity, either more diffuse (A - inset), or focal (B - inset). Both cases were also positive for C0117 and for CK7 (both =
30%) (not shown). Two additional cases that had no identifiable mutations of TSC1, T5C2, and MTOR, but with very similar morphology to EVT
are illustrated in € and D. It is possible that these cases may have had undetected TSC/MTOR mutations, but they also lacked other identifiable

mutations.

Cathepsin K is also positive in the majority of ESC RCC and in EVT.
In EVT, the positivity is either diffuse (most of the cases) or focal; in
some cases, we have also noticed a focal membranous pattern
(possibly a submembranous condensation), in addition to the
more common cytoplasmic one. In ESC RCC, the positivity for
cathepsin K is often patchy, cytoplasmic, with rare cases showing
either diffuse reactivity or, very rarely, complete absence of
staining™ """

TSC/MTOR mutations appear to be more commonly found
in some other novel renal entities, for example RCC with
fibromyomatous stroma®'>'®*72% However, such mTOR path-
way mutations have also been found in AML {or PEComas), and
in some common renal tumors, such as metastatic clear cell RCC
or papillary RCC*%%, acquired cystic disease associated (ACD)
RCC*, and in rare examples of “unclassified aggressive RCCs™".
It appears that the tumors with TSC/MTOR mutations represent a
diverse group of renal neoplasms showing variable morpholo-
gies and immunoprofiles, and different biologic behaviors.
Thus, the introduction of a potential concept of “TSC-associated
renal tumor family”, although appealing, is currently unjustifi-
able, based on the available evidence, and requires further
study”,

In surmmary, EVT is an emerging low-grade renal entity that can
be either diagnosed or suspected on morphology, and shows a
relatively uniform immunohistochemical profile. We confirmed in
this study that EVT is consistently associated with mTOR pathway
abnormalities, including non-overlapping mutations in MTOR,
TSC2, and TSC1. All reported cases so far, including the ones from
this study, exhibited an indolent behavior. The findings from our
study strongly support the conclusion that EVT should be
recognized as a distinct and novel renal entity.
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4 Conclusion

The classification of renal neoplasms is a dynamic and changing area of pathology,
particularly in recent years. New light in understanding of this field of human pathology were
given by widely employed molecular studies, exploring well established entities, as well as
provisional ones. There are other factors stimulating the development in a group of renal
neoplasms by constant attempts of authors to remove renal tumours from “unclassified”
category. Current findings in renal neoplasm field were fully summarized in consensus works
by The Genitourinary Pathology Society (GUPS) (3, 4) and in the 5™ edition of WHO
classification (2). The dissertation presented here discusses author’s seven articles describing
new developments of well-established entitles (PRCC and ChRCC) together with an
emerging entity from “other oncocytic category” - recently described as EVT.

Papillary renal cell carcinoma used to be traditionally subdivided into type 1 and type
2 (35, 36). Such subtyping is no longer recommended, as it became apparent that papillary
architecture may also be a part of molecularly defined TFE3-rearranged RCC or FH deficient
RCC. Clear cell papillary renal cell tumour and CCRCC may also exhibit papillary
architecture (focal or extensive) (8) . In addition, the spectrum of PRCCs is much wider than
initially proposed - small series of distinct subtypes of PRCC which do not fit into the type 1
and type 2 categories have been described in the literature (37). Molecular pathology findings
partially pushed and helped to put an end to the era of this division of PRCC (38). MET gene
mutations and polysomies of chromosomes 7 and 17 and loss of the Y chromosome had been
considered “iconic” for PRCC (33). With new insights, it became evident that spectrum of
molecular alterations in PRCCs is much wider, and there is no single molecular alteration
absolutely typical for PRCC (37). In addition, recent evidence shows that WHO/ISUP grade
and tumour architecture are better predictors of biological outcome than classical subtyping
(11). Awareness of PRCCs morphologic spectrum, low threshold to apply
immunohistochemical stains (as FH / TFE3) and usage of molecular tools are crucial to
eliminate/diagnose molecularly defined carcinomas with papillary features (TFE3-rearranged
RCC or FH deficient RCC) and with confidence sign out renal carcinoma with papillary
architecture as PRCC in every day practice.

Oncocytic PRCC was included in 4th WHO edition as a possible “type 3” of PRCC and
was defined as PRCC with voluminous, finely granular, evenly distributed eosinophilic
cytoplasm and oncocytoma-like nuclei (usually with low nuclear grade). The nuclei should be
typically single-layered and linearly aligned (33). Interestingly, the majority of cases from
initial studies/cohorts describing OPRCC (39, 40) would not fulfill the WHO 2016 diagnostic
criteria of OPRCC. This oncocytic “subtype” of PRCC during 6 years from the 2016 “blue
book™ edition has wundergone many changes. The so-called PRCC with reverse
polarity/papillary renal cell tumour with reverse polarity (described in recent publications (15,
41)) shows similarities with “oncocytic PRCC” defined by WHO 2016. This tumor is
composed of oncocytic cells with papillary and tubulopapillary growing pattern and exhibits
typically low grade nuclei aligned away from basement membrane (single-layered).
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Immunoprofile of PRCC with reverse polarity /papillary renal cell tumour with reverse
polarity is characteristic and relatively constant (with GATA3, CK7 positivity and vimentin
negativity). Presence of KRAS mutation is molecular signature in majority of cases (16). It
became evident that tumours grouped under umbrella term ,,OPRCC* form a heterogeneous
group with broad morphologic spectrum, with no distinct immunoprofile, no consistent
molecular-genetic background, and not well established biological behavior (42). Papillary
RCC with reverse polarity/renal cell tumour with reverse polarity is probably only small part
of this “oncocytic PRCC” group. As a result, “OPRCC” is no longer mentioned in recent 5th
WHO edition as separate subtype of PRCC (2), and “OPRCC” may only serve as descriptive
term for tumours with papillary architecture and oncocytic cells (42). Instead, PRCC with
reverse polarity/papillary renal cell tumour with reverse polarity gained a formal position
among listed there morphologic variants of PRCC (2).

Group of oncocytic/eosinophilic renal tumours has been discussed very actively in
recent years. Classic oncocytic/eosinophilic entities (such as RO and ChRCC) were enriched
in rare morphologic subtypes/variants and new insights in their molecular-genetic
background. There are some changes in nomenclature of tumours in this
“oncocytic/eosinophilic renal tumours” group. It was clarified that tumours with overlapping
features between RO and ChRCC developing in hereditary setting should be designated as
hybrid oncocytic tumour (typically patients with multiple bilateral eosinophilic tumours) (3).
Solitary oncocytic/eosinophilic tumours morphologically in the grey zone between RO and
ChRCC evolving in sporadic setting fall into “oncocytic renal neoplasm of low malignant
potential, not further classified” category (3). The designation “oncocytic renal neoplasm of
low malignant potential, NOS” is more clinical management category rather than definitive
and separate tumour entity. Unfortunately, it still remains group of oncocytic/eosinophilic
tumours difficult to classify.

New developments revealed that two lesions may potentially arise from
“oncocytic/eosinophilic renal tumours” group - low grade oncocytic tumor (LOT) and
eosinophilic vacuolated tumor (EVT). LOT is defined by its CK7 diffuse positivity and
CD117 (24-26) negativity, compact growth with nests of low-grade, monotonous cells with
frequent abrupt transition to area with loose stroma and elongated neoplastic cells on this
background. Recent studies showed that morphologic spectrum may be much broader
including tumours with RO-like morphology (43). EVT exhibits nests of cells frequently set
in loose stroma. Low magnification reveals cells with voluminous, eosinophilic cytoplasm,
striking intracytoplasmatic vacuoles and nuclei with high grade morphology and prominent
nucleoli. Immunoprofile is less constant, with most frequent positivity for CD117, CD10, and
Cathepsin K. CK7 is negative or restricted to rare scattered cells. Both tumours exhibit
mutations of mTOR pathway genes (7SCI, TSC2, MTOR) (27-30), and both may occur in
sporadic setting, however they may be rarely found in patients with tuberous sclerosis
complex (27, 28). Up to date, limited available data indicate benign behaviour of these
tumours, future works are required to validate this findings (44). Mutations in the 7SC/ or
TSC2 are also molecular signature of eosinophilic solid and cystic RCC (ESC RCC) -
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emerging entity in 4th WHO edition (33), newly regular entity with formal position in current
5" WHO “blue book” (2) (thanks to the evidence obtained in last 6 years).

Molecular technics are becoming an integral part of routine histologic examination
and an “engine” for new developments. However, it has to be mentioned, that increasing
number of newly described entities with distinctive morphologies share similar molecular
alterations. This common genetic background in many morphologically different entities
raise the question if instead of multiplicating new entities, we shouldn’t cluster that tumours
under one diagnostic category — the question of whether we should use the approach of the so-
called splitters or lumpers. Especially if available data shows their indolent behaviour (44).
We believe, this question will be answered in the future with more available evidences.

Multiplicity of newly described entities cannot obscure the fact, that classic renal
tumours (namely CCRCC, PRCC, ChRCC and RO) account for more than 90% of renal
neoplasms (45). Morphology still remains critical for every day routine practice. Moreover,
up to date knowledge of molecular landscape of renal tumours is not well translated to
treatment options. Molecular signature of RCC may gain clinical importance and justification
in the light of developing targeted therapies. Additionally, the possibility of syndromic
associations emphasizes proper recognition of molecularly defined RCCs as patients and their
families require genetic consulting.
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6.3 Presentations on scientific conferences

Kidney tumor friends, 14-16.10.2021, Plzen, Czech Republic
Presentation: Papillary renal cell carcinoma with prominent spindle cell stroma - tumor
mimicking mixed epithelial and stromal tumor of the kidney: Clinicopathologic, morphologic,
immunohistochemical and molecular genetic analysis of 6 cases.

Updates in GU pathology, 13-14.12.2019, Warsaw, Poland
Presentation: Diagnostic traps in urinary bladder pathology.

31st European Congress of Pathology, 7-11.09.2019, Nice, France

Presentation: Papillary renal cell carcinoma with prominent spindle cell stroma - tumor
mimicking mixed epithelial and stromal tumor of the kidney: Clinicopathologic, morphologic,
immunohistochemical and molecular genetic analysis of 6 cases.

Salzburg Cleveland Clinic Seminar in Pathology, 16-22.06.2019, Salzburg, Austria
Case presentation: Unusual sclerotic tumor of the kidney.

Polish Society of Pathology regional meeting, 15.06.2018, Wroclaw, Poland
Presentation: Cribriform lesions in prostate.
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