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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.  

 

  



 
 

  



 
 

Foreword 

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 

of view of a practicing pathologist – discipline that the author is specialised in. The work is 

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
th

 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 CAM5.2) 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 CD10, 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 (AE1/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 11q13 

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 TP53, PTEN, TERT, and FOXI1. 
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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 PAX8. Expression of 

FH and SMARCB1 (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 

PAX8. 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 ABL1, PDGFRA, 

KMT2C, KDM5C. 

 

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 TFE3 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, ASPSCR1 and SFPQ. 

Other partners include NONO (P54NRB), RBM10, MED15, CLTC, DVL2, PARP14, KAT6A, 

NEAT1, MATR3, FUBP1, and EWSR1. Of note, TFE3 break-apart FISH may show negative 
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results in cases of intrachromosomal translocations (RBM10::TFE3, GRIPAP1::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). TFEB-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 TFEB 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–Dubé 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 (TSC1, 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 TSC1, TSC2, MTOR, or ELOC (TCBE1) 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 TSC1 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 

(TCEB1) 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 (ALK) 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 TPM3, EML4, STRN, HOOK1. 

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 

SMARCB1 (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 SMARCB1 (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.  
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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 SMARCB1 gene (at 

22q11.23) are most common molecular alterations in this tumour. 
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2 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 Müllerian 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 

(CDKN2A, BAP1, 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 TCEB1)-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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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 CCND1, 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 in 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 GATA3. 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 Lefèvre. 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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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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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 

pT1a 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 (DICER1, 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, TSC1, 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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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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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 TP53, 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, TSC1/2. 

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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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 pT1a 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 PAX8, AE1/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: TSC1, 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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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
th

 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 undergone 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). 



99 
 

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 (TSC1, 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 TSC1 or 

TSC2 are also molecular signature of eosinophilic solid and cystic RCC (ESC RCC) - 



100 
 

emerging entity in 4th WHO edition (33), newly regular entity with formal position in current 

5
th

 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.  

  



101 
 

5 References   
 

1. Kovacs G, Akhtar M, Beckwith BJ, Bugert P, Cooper CS, Delahunt B, et al. The Heidelberg 
classification of renal cell tumours. J Pathol. 1997;183(2):131-3. 
2. Board. WCoTE. Urinary and male genital tumours.  (WHO classification of tumours series, 5th 
ed.; vol. 8). Lyon (France):: International Agency for Research on Cancer; 2022. 
3. Trpkov K, Hes O, Williamson SR, Adeniran AJ, Agaimy A, Alaghehbandan R, et al. New 
developments in existing WHO entities and evolving molecular concepts: The Genitourinary 
Pathology Society (GUPS) update on renal neoplasia. Mod Pathol. 2021;34(7):1392-424. 
4. Trpkov K, Williamson SR, Gill AJ, Adeniran AJ, Agaimy A, Alaghehbandan R, et al. Novel, 
emerging and provisional renal entities: The Genitourinary Pathology Society (GUPS) update on renal 
neoplasia. Mod Pathol. 2021;34(6):1167-84. 
5. Srigley JR, Delahunt B, Eble JN, Egevad L, Epstein JI, Grignon D, et al. The International Society 
of Urological Pathology (ISUP) Vancouver Classification of Renal Neoplasia. Am J Surg Pathol. 
2013;37(10):1469-89. 
6. Kojima F, Bulimbasic S, Alaghehbandan R, Martinek P, Vanecek T, Michalova K, et al. Clear 
cell renal cell carcinoma with Paneth-like cells: Clinicopathologic, morphologic, 
immunohistochemical, ultrastructural, and molecular analysis of 13 cases. Ann Diagn Pathol. 
2019;41:96-101. 
7. Williamson SR, Kum JB, Goheen MP, Cheng L, Grignon DJ, Idrees MT. Clear cell renal cell 
carcinoma with a syncytial-type multinucleated giant tumor cell component: implications for 
differential diagnosis. Hum Pathol. 2014;45(4):735-44. 
8. Alaghehbandan R, Ulamec M, Martinek P, Pivovarcikova K, Michalova K, Skenderi F, et al. 
Papillary pattern in clear cell renal cell carcinoma: Clinicopathologic, morphologic, 
immunohistochemical and molecular genetic analysis of 23 cases. Ann Diagn Pathol. 2019;38:80-6. 
9. Williamson SR, Halat S, Eble JN, Grignon DJ, Lopez-Beltran A, Montironi R, et al. Multilocular 
cystic renal cell carcinoma: similarities and differences in immunoprofile compared with clear cell 
renal cell carcinoma. Am J Surg Pathol. 2012;36(10):1425-33. 
10. Gonzalez ML, Alaghehbandan R, Pivovarcikova K, Michalova K, Rogala J, Martinek P, et al. 
Reactivity of CK7 across the spectrum of renal cell carcinomas with clear cells. Histopathology. 
2019;74(4):608-17. 
11. Yang C, Shuch B, Kluger H, Humphrey PA, Adeniran AJ. High WHO/ISUP Grade and 
Unfavorable Architecture, Rather Than Typing of Papillary Renal Cell Carcinoma, May Be Associated 
With Worse Prognosis. Am J Surg Pathol. 2020;44(5):582-93. 
12. Ulamec M, Skenderi F, Trpkov K, Kruslin B, Vranic S, Bulimbasic S, et al. Solid papillary renal 
cell carcinoma: clinicopathologic, morphologic, and immunohistochemical analysis of 10 cases and 
review of the literature. Ann Diagn Pathol. 2016;23:51-7. 
13. Skenderi F, Ulamec M, Vanecek T, Martinek P, Alaghehbandan R, Foix MP, et al. Warthin-like 
papillary renal cell carcinoma: Clinicopathologic, morphologic, immunohistochemical and molecular 
genetic analysis of 11 cases. Ann Diagn Pathol. 2017;27:48-56. 
14. Trpkov K, Athanazio D, Magi-Galluzzi C, Yilmaz H, Clouston D, Agaimy A, et al. Biphasic 
papillary renal cell carcinoma is a rare morphological variant with frequent multifocality: a study of 
28 cases. Histopathology. 2018;72(5):777-85. 
15. Al-Obaidy KI, Eble JN, Cheng L, Williamson SR, Sakr WA, Gupta N, et al. Papillary Renal 
Neoplasm With Reverse Polarity: A Morphologic, Immunohistochemical, and Molecular Study. Am J 
Surg Pathol. 2019;43(8):1099-111. 
16. Al-Obaidy KI, Saleeb RM, Trpkov K, Williamson SR, Sangoi AR, Nassiri M, et al. Recurrent KRAS 
mutations are early events in the development of papillary renal neoplasm with reverse polarity. 
Mod Pathol. 2022;35(9):1279-86. 



102 
 

17. Hes O, Michal M, Kuroda N, Martignoni G, Brunelli M, Lu Y, et al. Vimentin reactivity in renal 
oncocytoma: immunohistochemical study of 234 cases. Arch Pathol Lab Med. 2007;131(12):1782-8. 
18. Liu YJ, Ussakli C, Antic T, Liu Y, Wu Y, True L, et al. Sporadic oncocytic tumors with features 
intermediate between oncocytoma and chromophobe renal cell carcinoma: comprehensive 
clinicopathological and genomic profiling. Hum Pathol. 2020;104:18-29. 
19. Foix MP, Dunatov A, Martinek P, Mundo EC, Suster S, Sperga M, et al. Morphological, 
immunohistochemical, and chromosomal analysis of multicystic chromophobe renal cell carcinoma, 
an architecturally unusual challenging variant. Virchows Arch. 2016;469(6):669-78. 
20. Hes O, Vanecek T, Perez-Montiel DM, Alvarado Cabrero I, Hora M, Suster S, et al. 
Chromophobe renal cell carcinoma with microcystic and adenomatous arrangement and 
pigmentation--a diagnostic pitfall. Morphological, immunohistochemical, ultrastructural and 
molecular genetic report of 20 cases. Virchows Arch. 2005;446(4):383-93. 
21. Michalova K, Tretiakova M, Pivovarcikova K, Alaghehbandan R, Perez Montiel D, Ulamec M, 
et al. Expanding the morphologic spectrum of chromophobe renal cell carcinoma: A study of 8 cases 
with papillary architecture. Ann Diagn Pathol. 2020;44:151448. 
22. Peckova K, Martinek P, Ohe C, Kuroda N, Bulimbasic S, Condom Mundo E, et al. 
Chromophobe renal cell carcinoma with neuroendocrine and neuroendocrine-like features. 
Morphologic, immunohistochemical, ultrastructural, and array comparative genomic hybridization 
analysis of 18 cases and review of the literature. Ann Diagn Pathol. 2015;19(4):261-8. 
23. Rogala J, Kojima F, Alaghehbandan R, Ptakova N, Bravc A, Bulimbasic S, et al. Small cell 
variant of chromophobe renal cell carcinoma: Clinicopathologic and molecular-genetic analysis of 10 
cases. Bosn J Basic Med Sci. 2022;22(4):531-9. 
24. Trpkov K, Williamson SR, Gao Y, Martinek P, Cheng L, Sangoi AR, et al. Low-grade oncocytic 
tumour of kidney (CD117-negative, cytokeratin 7-positive): a distinct entity? Histopathology. 
2019;75(2):174-84. 
25. Mansoor M, Siadat F, Trpkov K. Low-grade oncocytic tumor (LOT) - a new renal entity ready 
for a prime time: An updated review. Histol Histopathol. 2022;37(5):405-13. 
26. Guo Q, Liu N, Wang F, Guo Y, Yang B, Cao Z, et al. Characterization of a distinct low-grade 
oncocytic renal tumor (CD117-negative and cytokeratin 7-positive) based on a tertiary oncology 
center experience: the new evidence from China. Virchows Arch. 2021;478(3):449-58. 
27. Pivovarcikova K, Alaghehbandan R, Vanecek T, Ohashi R, Pitra T, Hes O. TSC/mTOR Pathway 
Mutation Associated Eosinophilic/Oncocytic Renal Neoplasms: A Heterogeneous Group of Tumors 
with Distinct Morphology, Immunohistochemical Profile, and Similar Genetic Background. 
Biomedicines. 2022;10(2). 
28. Lerma LA, Schade GR, Tretiakova MS. Co-existence of ESC-RCC, EVT, and LOT as synchronous 
and metachronous tumors in six patients with multifocal neoplasia but without clinical features of 
tuberous sclerosis complex. Human Pathology. 2021;116:1-11. 
29. Samaratunga H, Egevad L, Thunders M, Iczskowski KA, van der Kwast T, Kristiansen G, et al. 
LOT and HOT … or not. The proliferation of clinically insignificant and poorly characterised types of 
renal neoplasia. Pathology. 2022;54(7):842-7. 
30. Williamson SR, Hes O, Trpkov K, Aggarwal A, Satapathy A, Mishra S, et al. Low-grade 
oncocytic tumour of the kidney is characterised by genetic alterations of TSC1, TSC2, MTOR or 
PIK3CA and consistent GATA3 positivity. Histopathology. 2023;82(2):296-304. 
31. Williamson S. Clear cell papillary renal cell carcinoma: an update after 15 years. Pathology. 
2020;53. 
32. Hes O, Compérat EM, Rioux-Leclercq N. Clear cell papillary renal cell carcinoma, renal 
angiomyoadenomatous tumor, and renal cell carcinoma with leiomyomatous stroma relationship of 
3 types of renal tumors: a review. Annals of Diagnostic Pathology. 2016;21:59-64. 
33. Moch HHP UT, Reuter V. The WHO classification of tumours of the urinary system and male 
genital organs. Lyon, France: IARC Press; 2016. 



103 
 

34. Kuroda N, Trpkov K, Gao Y, Tretiakova M, Liu YJ, Ulamec M, et al. ALK rearranged renal cell 
carcinoma (ALK-RCC): a multi-institutional study of twelve cases with identification of novel partner 
genes CLIP1, KIF5B and KIAA1217. Mod Pathol. 2020;33(12):2564-79. 
35. Delahunt B, Eble JN. Papillary renal cell carcinoma: a clinicopathologic and 
immunohistochemical study of 105 tumors. Mod Pathol. 1997;10(6):537-44. 
36. Delahunt B, Eble JN, McCredie MR, Bethwaite PB, Stewart JH, Bilous AM. Morphologic typing 
of papillary renal cell carcinoma: comparison of growth kinetics and patient survival in 66 cases. Hum 
Pathol. 2001;32(6):590-5. 
37. Pitra T, Pivovarcikova K, Alaghehbandan R, Hes O. Chromosomal numerical aberration 
pattern in papillary renal cell carcinoma: Review article. Ann Diagn Pathol. 2019;40:189-99. 
38. Saleeb RM, Brimo F, Farag M, Rompré-Brodeur A, Rotondo F, Beharry V, et al. Toward 
Biological Subtyping of Papillary Renal Cell Carcinoma With Clinical Implications Through Histologic, 
Immunohistochemical, and Molecular Analysis. Am J Surg Pathol. 2017;41(12):1618-29. 
39. Lefèvre M, Couturier J, Sibony M, Bazille C, Boyer K, Callard P, et al. Adult papillary renal 
tumor with oncocytic cells: clinicopathologic, immunohistochemical, and cytogenetic features of 10 
cases. Am J Surg Pathol. 2005;29(12):1576-81. 
40. Hes O, Brunelli M, Michal M, Cossu Rocca P, Hora M, Chilosi M, et al. Oncocytic papillary 
renal cell carcinoma: a clinicopathologic, immunohistochemical, ultrastructural, and interphase 
cytogenetic study of 12 cases. Annals of Diagnostic Pathology. 2006;10(3):133-9. 
41. Al-Obaidy KI, Saleeb RM, Trpkov K, Williamson SR, Sangoi AR, Nassiri M, et al. Recurrent KRAS 
mutations are early events in the development of papillary renal neoplasm with reverse polarity. 
Modern Pathology. 2022;35(9):1279-86. 
42. Pivovarcikova K, Grossmann P, Hajkova V, Alaghehbandan R, Pitra T, Perez Montiel D, et al. 
Renal cell carcinomas with tubulopapillary architecture and oncocytic cells: Molecular analysis of 39 
difficult tumors to classify. Ann Diagn Pathol. 2021;52:151734. 
43. Mohanty SK, Satapathy A, Aggarwal A, Mishra SK, Sampat NY, Sharma S, et al. Oncocytic 
renal neoplasms with diffuse keratin 7 immunohistochemistry harbor frequent alterations in the 
mammalian target of rapamycin pathway. Modern Pathology. 2022;35(3):361-75. 
44. Hes O, Trpkov K. Do we need an updated classification of oncocytic renal tumors? Modern 
Pathology. 2022;35(9):1140-50. 
45. Akgul M, Williamson SR. Immunohistochemistry for the diagnosis of renal epithelial 
neoplasms. Semin Diagn Pathol. 2022;39(1):1-16. 

 

 



104 
 

6 Publications 

6.1 Publications of the author, which are the basis of the dissertation 
 
  

1. Kolar J, Llaurado AF, Ulamec M, Skenderi F, Perez-Montiel D, Alvarado-Cabrero I, 

Bulimbasic S, Sperga M, Tretiakova M, Osunkoya AO, Rogala J, Comperat E, Gal V, 

Dunatov A, Pivovarcikova K, Michalova K, Vesela AB, Slisarenko M, Strakova AP, 

Pitra T, Hora M, Michal M, Alaghehbandan R, Hes O. Histologic diversity in 

chromophobe renal cell carcinoma does not impact survival outcome: A comparative 

international multi-institutional study. Ann Diagn Pathol. 2022 May 20;60:151978. IF 

not available 

 

2. Rogala J, Kojima F, Alaghehbandan R, Ptakova N, Bravc A, Bulimbasic S, Perez 

Montiel D, Slisarenko M, Ali L, Kuthi L, Pivovarcikova K, Michalova K, Bartovic B, 

Bartos Vesela A, Dolejsova O, Michal M, Hes O. Small cell variant of chromophobe 

renal cell carcinoma: Clinicopathologic and molecular-genetic analysis of 10 cases. 

Bosn J Basic Med Sci. 2022 Jul 29;22(4):531-539. IF 3.76 

 

3. Farcaş M, Gatalica Z, Trpkov K, Swensen J, Zhou M, Alaghehbandan R, Williamson 

SR, Magi-Galluzzi C, Gill AJ, Tretiakova M, Lopez JI, Montiel DP, Sperga M, 

Comperat E, Brimo F, Yilmaz A, Siadat F, Sangoi A, Gao Y, Ptákova N, Kuthi L, 

Pivovarcikova K, Rogala J, Agaimy A, Hartmann A, Fraune C, Rychly B, Hurnik P, 

Durcansky D, Bonert M, Gakis G, Michal M, Hora M, Hes O. Eosinophilic vacuolated 

tumor (EVT) of kidney demonstrates sporadic TSC/MTOR mutations: next-generation 

sequencing multi-institutional study of 19 cases.  Mod Pathol. 2022 Mar;35(3):344-

351. IF 8.209 

 

4. Pivovarcikova K, Grossmann P, Hajkova V, Alaghehbandan R, Pitra T, Perez Montiel 

D, Sperga M, Rogala J, Slisarenko M, Bartos Vesela A, Svajdler P, Michalova K, 

Rotterova P, Hora M, Michal M, Hes O. Renal cell carcinomas with tubulopapillary 

architecture and oncocytic cells: Molecular analysis of 39 difficult tumors to classify.  

Ann Diagn Pathol. 2021 Jun;52:151734. IF 2.134 

 

5. Alaghehbandan R, Trpkov K, Tretiakova M, Luis AS, Rogala JD, Hes O. 

Comprehensive Review of Numerical Chromosomal Aberrations in Chromophobe 

Renal Cell Carcinoma Including Its Variant Morphologies. Adv Anat Pathol. 2021 

Jan;28(1):8-20. IF 4.571 

 

6. Michalova K, Tretiakova M, Pivovarcikova K, Alaghehbandan R, Perez Montiel D, 

Ulamec M, Osunkoya A, Trpkov K, Yuan G, Grossmann P, Sperga M, Ferak I, 

Rogala J, Mareckova J, Pitra T, Kolar J, Michal M, Hes O. Expanding the 

morphologic spectrum of chromophobe renal cell carcinoma: A study of 8 cases with 

papillary architecture.  Ann Diagn Pathol. 2020 Feb;44:151448. IF 2.09 

 

7. Rogala J, Kojima F, Alaghehbandan R, Agaimy A, Martinek P, Ondic O, Ulamec M, 

Sperga M, Michalova K, Pivovarcikova K, Pitra T, Hora M, Ferak I, Marečková J, 

Michal M, Hes O. Papillary renal cell carcinoma with prominent spindle cell stroma - 



105 
 

tumor mimicking mixed epithelial and stromal tumor of the kidney: Clinicopathologic, 

morphologic, immunohistochemical and molecular genetic analysis of 6 cases. Ann 

Diagn Pathol. 2020 Feb;44:151441. IF 2.090 



106 
 

6.2 Other author’s publications related to the topic of dissertation thesis 
 

  

1. Williamson SR, Hes O, Trpkov K, Aggarwal A, Satapathy A, Mishra S, Sharma S, 

Sangoi A, Cheng L, Akgul M, Idrees M, Levin A, Sadasivan S, San Miguel Fraile P, 

Rogala J, Comperat E, Berney DM, Bulimbasic S, McKenney JK, Jha S, Sampat NY, 

Mohanty SK. Low-grade oncocytic tumour of the kidney is characterised by genetic 

alterations of TSC1, TSC2, MTOR or PIK3CA and consistent GATA3 positivity. 

Histopathology. 2023 Jan;82(2):296-304. IF 7.778 

 

 

2. Alaghehbandan R, Limani R, Ali L, Rogala J, Vanecek T, Steiner P, Hajkova V, 

Kuthi L, Slisarenko M, Michalova K, Pivovarcikova K, Hora M, Pitra T, Michal M, 

Hes O. Clear cell renal cell carcinoma with prominent microvascular hyperplasia: 

Morphologic, immunohistochemical and molecular-genetic analysis of 7 sporadic 

cases. Ann Diagn Pathol. 2022 Feb;56:151871. Not available 

 

3. Prochazkova K, Ptakova N, Alaghehbandan R, Williamson SR, Vaněček T, Vodicka 

J, Treska V, Rogala J, Pivovarcikova K, Michalova K, Slisarenko M, Hora M, Michal 

M, Hes O. Mutation Profile Variability in the Primary Tumor and Multiple Pulmonary 

Metastases of Clear Cell Renal Cell Carcinoma. A Review of the Literature and 

Analysis of Four Metastatic Cases.  Cancers (Basel). 2021 Nov 24;13(23):5906. IF 

6.575 

 

 

4. Marek-Bukowiec K, Ratajczyk K, Rogala J, Kosiński M, Kowal P, Witkiewicz W. 

An oncogenic, somatic mutation of PIK3CA identified in 2 primary malignancies: 

clear cell renal cell carcinoma and prostate adenocarcinoma in the same patient. Pol 

Arch Intern Med. 2021 Jan 29;131(1):93-95. IF 5.218 

 

5. Pitra T, Pivovarcikova K, Alaghehbandan R, Compérat EM, Hora M, Rogala J, 

Slisarenko M, Michal M, Hes O. Utility of NKX3.1 immunohistochemistry in the 

differential diagnosis of seminal vesicles versus prostatic tissue in needle biopsy. Ann 

Diagn Pathol. 2020 Dec;49:151644. IF 2.090 

 

6. Pires-Luis AS, Martinek P, Alaghehbandan R, Trpkov K, Comperat EM, Perez 

Montiel DM, Bulimbasic S, Lobo J, Henrique R, Vanecek T, Pivovarcikova K, 

Michalova K, Pitra T, Hora M, Marques A, Lopes JM, Rogala J, Mareckova J, 

Michal M, Hes O. Molecular Genetic Features of Primary Nonurachal Enteric-type 

Adenocarcinoma, Urachal Adenocarcinoma, Mucinous Adenocarcinoma, and 

Intestinal Metaplasia/Adenoma: Review of the Literature and Next-generation 

Sequencing Study. Adv Anat Pathol. 2020 Sep;27(5):303-310. IF 3.875 

 

 

7. Kojima F, Bulimbasic S, Alaghehbandan R, Martinek P, Vanecek T, Michalova K, 

Pivovarcikova K, Michal M, Hora M, Murata SI, Sugawara E, Rogala J, Limani R, 

Hes O. Clear cell renal cell carcinoma with Paneth-like cells: Clinicopathologic, 

morphologic, immunohistochemical, ultrastructural, and molecular analysis of 13 

cases. Ann Diagn Pathol. 2019 Aug;41:96-101. IF 1.877 



107 
 

 

8. Trpkov K, Williamson SR, Gao Y, Martinek P, Cheng L, Sangoi AR, Yilmaz A, 

Wang C, San Miguel Fraile P, Perez Montiel DM, Bulimbasić S, Rogala J, Hes O. 

Low-grade oncocytic tumour of kidney (CD117-negative, cytokeratin 7-positive): a 

distinct entity? Histopathology. 2019 Aug;75(2):174-184. IF 3.626 

 

9. Pivovarcikova K, Agaimy A, Martinek P, Alaghehbandan R, Perez-Montiel D, 

Alvarado-Cabrero I, Rogala J, Kuroda N, Rychly B, Gasparov S, Michalova K, 

Michal M, Hora M, Pitra T, Tuckova I, Laciok S, Mareckova J, Hes O. Primary renal 

well-differentiated neuroendocrine tumour (carcinoid): next-generation sequencing 

study of 11 cases.  Histopathology. 2019 Jul;75(1):104-117. IF 3.626 

 

10. Pivovarcikova K, Martinek P, Grossmann P, Trpkov K, Alaghehbandan R, Magi-

Galluzzi C, Pane Foix M, Condom Mundo E, Berney D, Gill A, Rychly B, Michalova 

K, Rogala J, Pitra T, Micsik T, Polivka J, Hora M, Tanas Isikci O, Skalova S, 

Mareckova J, Michal M, Hes O. Fumarate hydratase deficient renal cell carcinoma: 

Chromosomal numerical aberration analysis of 12 cases. Ann Diagn Pathol. 2019 

Apr;39:63-68. IF 1.877 

 

11. Gonzalez ML, Alaghehbandan R, Pivovarcikova K, Michalova K, Rogala J, Martinek 

P, Foix MP, Mundo EC, Comperat E, Ulamec M, Hora M, Michal M, Hes O. 

Reactivity of CK7 across the spectrum of renal cell carcinomas with clear cells. 

Histopathology. 2019 Mar;74(4):608-617. IF 3.626 

 

12. Rotterova P, Martinek P, Alaghehbandan R, Prochazkova K, Damjanov I, Rogala J, 

Suster S, Perez-Montiel D, Alvarado-Cabrero I, Sperga M, Svajdler M, Michalova K, 

Pivovarcikova K, Daum O, Hora M, Dusek M, Ondic O, Stehlikova A, Michal M, Hes 

O. High-grade renal cell carcinoma with emperipolesis: Clinicopathological, 

immunohistochemical and molecular-genetic analysis of 14 cases.Histol Histopathol. 

2018 Mar;33(3):277-287. IF 1.777 

 

13. Ratajczyk K, Czekaj A, Rogala J, Kowal P. Adult Wilms tumor with inferior vena 

cava thrombus and distal deep vein thrombosis - a case report and literature review. 

World J Surg Oncol. 2018 Feb 23;16(1):38. IF 2.768 



108 
 

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. 

 
 


