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1 INTRODUCTION

1.1 Anatomy, histology, and physiology of the kidneys

Kidneys are a pair of bean-shaped organs located in the upper abdominal region,
on either side of the spine in the retroperitoneal space, between the parietal peritoneum
and the posterior abdominal wall. They are about 10-13 cm in length, 5-6 cm wide, and
about 4 cm thick. Each kidney weighs about 120-170 g in males and 110-150 g in
females. Kidneys are covered by a fibrous capsule composed of dense connective tissue
helping to hold their shape and protect them. This capsule is covered by a layer of adipose
tissue known as the renal fat pad, which is then encompassed by a Gerota’s fascia. The
fascia and the overlying peritoneum serve to tightly hold the kidneys to the posterior
abdominal wall in a retroperitoneal position, while adjacent muscles, fat and ribs serve to

protect the kidneys from physical injuries (Figure 1 A-B)

The renal hilum is the entry and exit site for vessels, nerves, lymphatics, and
ureters. The medial-facing hila are inserted into the convex indentation of the kidney. An
anterior section through the kidney shows an outer region called the renal cortex and an
inner region called the renal medulla. In the medulla, 5-8 renal pyramids are separated by
renal columns. Each pyramid creates urine and ends in a renal papilla. Each renal papilla
drains into a collecting structure called a minor calyx. Several minor calyces connect to
form a major calyx. All major calyces connect to the single renal pelvis, connecting to

the ureter (Figure 1).

Nephrons are the “functional units” of the kidney. They clean the blood of

metabolic waste and balance the homeostatic set values by filtration, reabsorption, and



secretion. They are also involved in blood pressure control through the renin, red blood
cell production through the erythropoietin, and calcium absorption through the
conversion of calcidiol into calcitriol, the active form of vitamin D. Nephron consists of
the renal corpuscle, proximal convoluted tubules (PCT), loop of Henle, and distal
convoluted tubules (DCT). The glomerulus is a capillary bed that filters blood mainly
based on particle size. The filtrate is captured by Bowman’s capsule and then moves
through the PCT, the loop of Henle and DCT, where absorption and secretion of several

substances occur (1).
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Figure 1. Location and anatomy of the kidneys. (A) Transversal view of the kidneys
location and relationship to adjacent organs. (B) Posterior view of the kidneys location
and relationship to adjacent organs. (C) The anterior section of the kidney with the
internal anatomy review. (D) The anatomy of the nephron, the functional unit of the
kidney. (lllustrations are adapted based on Creative Commons license 4.0)



Histologically, the kidney is composed of closely packed proximal and distal
convoluted tubules, tubules of the loop of Henle, collecting ducts, small blood vessels,
and interspersed renal corpuscula. The renal corpuscle comprises a bed of capillaries
called the glomerulus, and the associated cells and structures, known as the podocytes
and the intraglomerular mesangial cells. Glomeruli are contained within the Bowman
capsule. The lighter space between these two is called the Bowman space. PCT is lined
by simple cuboidal epithelium, and cells are eosinophilic with numerous mitochondria,
prominent basal folds, and lateral interdigitations, containing long microvilli, and with
lumens often occluded (2). The distal tubules are lined by simple cuboidal epithelium
with cells smaller than in PCT, with short microvilli faint or clear cytoplasm and more
empty lumens (3). Collecting ducts are lined by cuboidal to columnar, pale-staining cells

with distinct cell membranes (Figure 2).

Figure 2. Normal kidney histology showing the glomerulus (a), proximal convoluted
tubule (b), distal convoluted tubule (c), collecting duct (d), and capillary blood vessels

(e).



1.2  Renal tumors

1.2.1 Epidemiology, etiology, and pathogenesis

Renal tumors are a heterogeneous group of neoplasms showing a variety of
histological and genetic features. They account for 5% and 3% of all malignancies, and
they are the 9™ and 14™ most common cancers in men and women, respectively (4, 5).
The incidence of Renal cell carcinoma (RCC) varies from region to region. About 70%
of cases occur in developed countries, with the highest rates in the Czech Republic and
North America and the lowest in Africa and Eastern Asia (6, 7). RCC is more frequent in
men than in women, with a ratio of about 2:1. It occurs mostly in the sixth to eighth
decade of life, while it is unusual in patients aged under 40 years and is rare in children.
The incidence increased over the last decades, but the current trends show stagnation in

certain countries (8).

Renal cell tumors are the 16™ most common cause of death from cancer
worldwide (7). The five-year survival rate has doubled over the last 60 years, mostly due

to earlier detection at smaller sizes and effective surgical treatment (9).

RCC etiology has been associated with several risk factors, of which many are
also common to other cancer types, such as obesity, cigarette smoking, and occupational
exposure to toxins (7, 10). In contrast, others are more specific for kidney tumors, such
as hypertension, acquired cystic kidney disease, end-stage kidney disease, hemodialysis,
kidney transplantation, or tuberous sclerosis syndrome (5, 11, 12). Most RCCs are
sporadic; nevertheless, hereditary genetic factors are responsible for RCCs in 2-4% of

cases. Several syndromes with a distinct genetic basis and phenotype are described, the



most common one being Von Hippel Lindau (VHL) disease (4, 11). Factors that may
indicate a hereditary role in patients without clear genetic disease include first-degree
relatives with a tumor, onset before the age of 40, and bilateral or multifocal disease (13).
Inherited polycystic disease increases the risk for RCC. Additional factors that may
increase the risk for RCC include cytotoxic chemotherapy, chronic hepatitis C infection,

sickle cell disease, and kidney stones (14-16).

Pathogenesis of any neoplastic process is based on genetic abnormalities, and
RCCs are no exception in this regard. Some genetic abnormalities are frequently
encountered in a particular tumor type, such as VHL mutation or hypermethylation and
chromosome 3p loss in clear cell RCC. A variety of other genetic abnormalities are
observed across the spectrum of renal neoplasia, including gene mutations,
amplifications, rearrangements, and others. Some genetic alterations are typical, thus
defining a distinctive molecular tumor type, such as Succinate dehydrogenase-deficient
renal cell carcinoma (SDRCC), or MiT family translocation renal cell carcinomas, or
emerging entities, such as Fumarate dehydrogenase deficient RCC (17). Genetic

alterations of the selected tumor types will be discussed later.

1.2.2 Classification, histopathological, immunohistochemical, and genetic

properties

Renal tumor classification underwent a significant evolution since its early forms
published in 1975 by the Armed Forces Institute of Pathology (AFIP) in the United States,
or the first World Health Organization (WHO) classification published in 1981. In these
early classifications, renal tumors were grouped into two major categories: Clear cell

carcinoma and granular cell carcinoma (11), or renal cell carcinoma, and others (18). In



the following time, the accumulation of research data brought the Mainz classification in
1986, the Heidelberg-Rochester classification in 1997 (18), followed by the WHO
classification in 1998, in which today’s traditional and major renal tumor subtypes were

established. In 2004 the WHO classification was updated and further refined.

In 2016 the WHO published the latest update to their kidney tumor classification
with epithelial cell tumors comprising 14 malignant and two benign tumor types (19)
(Table 1). The histological criteria remained the foundation for this classification.
However, the nomenclature is based on multiple criteria, including cytoplasmic
appearance, architecture, a combination of morphologies, anatomic location, underlying
disease, familial syndromes, and specific genetic alterations (20). The recent expansion
of molecular methods allowed for more profound insight into the genetics of renal tumors,
revealing clinically and potentially therapeutically relevant molecular differences within

the histological types.

The 2016 WHO classification was preceded by the consensus conference of the
International Society of Urological Pathology (ISUP) held in 2012 in Vancouver
(Canada). The reports published from the consensus conference were referred to as the
2012 ISUP Vancouver classification of renal neoplasia (21). The ISUP Vancouver
classification confirmed the most frequent and well-established tumor subtypes, namely
the clear cell renal cell carcinoma (ccRCC), representing 70-80% of all the renal tumors,
papillary renal cell carcinoma (PRCC), occurring in 10-15% of the cases, and the
chromophobe renal cell carcinoma (ChRCC), in about 5% of cases, as well as other, well
established but less frequently occurring tumors (all together in about 10% of the cases).
This classification embraced several newly recognized renal cell carcinoma (RCC)

subtypes, subsequently included in the 2016 WHO classification. Novel subtypes include



tubulocystic renal cell carcinoma (TCRCC), acquired cystic disease-associated RCC,
clear cell papillary RCC, microphthalmia transcription factor-family translocation RCC
(including t(6;11) RCC and Xpll1l.2/TFE3 RCC), hereditary leiomyomatosis RCC
syndrome-associated RCC, and succinate dehydrogenase (SDH)-deficient renal
carcinoma. Recently, additional emerging entities were reported, including thyroid-like
follicular RCC, anaplastic lymphoma kinase translocation RCC, RCC with smooth
muscle stroma, eosinophilic, solid, and cystic RCC, and biphasic squamoid alveolar RCC

(22-25).

Table 1. WHO Classification of the renal cell tumors published in 2016

WHO ICO-3

code/behavior

Renal cell tumors

Clear cell renal cell carcinoma 8310/3
Multilocular cystic renal neoplasm of low malignant potential 8316/1
Papillary renal cell carcinoma 8260/3
Hereditary leiomyomatosis and renal cell carcinoma-associated renal cell
carcinoma 83113
Chromophobe renal cell carcinoma 8317/3
Collecting duct carcinoma 8319/3
Renal medullary carcinoma 8510/3
MIT family translocation renal cell carcinomas 8311/3
Succinate dehydrogenase-deficient renal cell carcinoma NA
Mucinous tubular and spindle cell carcinoma 8480/3
Tubulocystic renal cell carcinoma 8316/3
Acquired cystic disease-associated renal cell carcinoma 8316/3
Clear cell papillary renal cell carcinoma 8323/1
Renal cell carcinoma, unclassified 8312/3
Papillary adenoma 8260/0
Oncocytoma 8290/0

NA — not available




Histopathologically and for the purpose of differential diagnosis, RCCs are put
into broad groups of tumors with clear cells or eosinophilic cells or solid tumors and
papillary tumors. Each of the tumors has few distinctive morphological characteristics;
nevertheless, RCCs overlapping morphology is frequently encountered, and use of
immunohistochemistry, and occasionally confirmation with molecular methods, is often

required.

Renal oncocytoma is a benign tumor with abundant oncocytic cytoplasm,
growing in cords, nests, alveoli, and tubules in a fibrous or myxoid stroma. It may contain
degenerative atypia but not papillary growth, clear cells, or necrosis. Besides the typical,
small cell variant, oncoblastic, pseudorosettes, and cystic variants are described (26, 27).
Immunohistochemically, RO is CD117 and E-cadherin positive, and CK7 and vimentin
negative, although CK7 may show characteristic scattered cells positive pattern in less
than 5% of the tumor. There are no consistent genetic alterations in this tumor that could
be used for diagnostic purposes; however, loss of chromosome 1 and Y, rearrangements

of 1113, deletion of 14 were some of the more commonly reported (28).

Papillary renal cell carcinoma (PRCC) is traditionally divided into type 1 and
type 2. However, the type 2 tumors represent a broad group with less strictly defined
morphological criteria and worse outcomes than more clearly defined type 1 tumors. Type
1 PRCC have thin papillae lined by a single layer of small amphophilic or basophilic cells
with nuclei ISUP grade 1 or 2. Type 2 tumors are more heterogeneous, showing papillae
lined by large eosinophilic cells with large nuclei with pseudostratification and high-
grade nucleoli (29). Some of the tumors show mixed morphological features and are
therefore difficult to classify as type 1 or 2. PRCC is positive for AE1-AE3, CAM5.2,

HMWCK. AMACR, vimentin, and CD10. Type 1 PRCC rarely occurs in hereditary



circumstances, with characteristic MET gene mutation (29). However, this mutation is
not consistently found in sporadic tumors. Additionally, among other less frequent
alterations, PRCC shows a gain of chromosome 7 and 17 and loss of Y. Type 2 PRCC

are much more genetically diverse, showing a broad spectrum of abnormalities.

ChRCC is typically composed of pale, large, finely granular cells with distinct
cytoplasmic membrane or eosinophilic cells, with perinuclear halos and raisinoid nuclei
(30). However, mixed morphology may be encountered (31). Nuclear grade does not
apply. Typically, these tumors are solid with parenchymal extension and often entrapping
tubules. Additionally, nests, broad alveoli, and trabeculae may be seen (11). ChRCC is
positive for CK7 and CD117, and negative for CA9. Genomic analyses of ChRCC
demonstrated a low somatic mutation rate and identified TP53 and PTEN as the most
frequently mutated genes (32, 33). Recent cytogenetic and comparative genomic
hybridization confirmed distinct genotype of ChRCC, with multiple chromosomal losses
of chromosomes 1, 2, 6, 10, 13, 17, 21, and Y chromosome in the majority of

chromophobe RCCs (31).

1.2.3 Prognostic factors and therapy

The data in the Surveillance, Epidemiology and End Results (SEER) database
show that about 65% of patients present with localized disease, 17% with disease spread
to regional lymph nodes, and about 16% with metastatic disease (34). In patients with
RCC who present with localized disease, surgical resection can be curative.
Unfortunately, more than one-third of patients with RCC present with either locally

advanced and unresectable, or metastatic disease. In addition, tumors that were initially



resected eventually recur. The prognosis for patients with locally advanced or metastatic

RCC is generally poor.

The factors that affect prognosis include the stage, pathological characteristics

such as tumor type, grade and necrosis, clinical factors, and molecular markers.

Tumor, node, metastasis (TNM) staging system is used to evaluate the anatomic
extent of the disease and categorize the prognostic stage groups (35). The stage is the
most consistent factor that influences the prognosis of the patients with RCC. Patients
with stage | and Il have tumors of any size limited to the kidney, and their five-year
survival rate ranges from more than 90% for stage | and 75-90% for stage Il tumors. For
tumors in stage 111, survival ranges from 59-70%. Stage I11 tumors include tumors of any
size with the invasion of the pyelocaliceal system, major veins, perinephric tissues, or
tumors with regional metastases (N1). Stage IV tumors invade Gerota’s fascia or have

distant metastases (M1). The survival rate for stage IV tumors is about one year (35).

The histologic type of the tumor is also an important factor affecting the
prognosis. Clear cell RCC has the worst prognosis, followed by the chromophobe RCC,
followed by papillary RCC type 1, which has the most favorable prognosis (36). Less
frequent tumor types such as collecting duct carcinoma, medullary carcinoma, or any
histologic type with sarcomatoid or rhabdoid features are more aggressive and associated
with shorter survival (37). Histologic grade is another independent prognostic factor.
Furhman’s grade was most widely used until it evolved into ISUP grade. Grade 1
carcinomas had 89%, grade 2 about 65%, and grade 3 only about 46% five-year disease-

free survival (38).

10



Tumor necrosis is an independent predictor of survival and is integrated into
some of the staging and prognostic systems for clear cell RCC and chromophobe RCC

(39).

Clinical factors such as performance status, paraneoplastic syndromes such as
anemia, fever, weight loss, thrombocytosis, hypercalcemia, or obesity may influence
survival. Several prognostic models that include the clinical parameters have been used
for some time, and the University of California Los Angeles integrated staging system
(UISS), which combines Eastern Cooperative Oncology Group (ECOG), Furhman’s

grade, and TNM, has been validated (40).

Molecular markers affecting tumor aggressiveness and thus the prognosis, or
markers important for the diagnosis of particular RCC subtype include: VHL gene
mutation or methylation, chromosome 3p loss, and SETD2, BAP1, PBRM1 mutations in
clear cell RCC; Fumarate hydratase (FH) deficiency in papillary RCC type 2; TFE3 and
its fusion partners NONO, GRIPAP1, RBMX and RBM10 in MIT family translocation
RCC; Succinate dehydrogenase deficiency, TFEB/VEGFA/6p21 amplification, TCEB1
mutation, ALK rearrangements, TSC2 and MTOR mutations and other genetic

abnormalities in recognized and emerging renal tumor entities (17).

Treatment of the patients with RCC depends on the extent of the disease at the
time of diagnosis, patient's age, and comorbidities. Based on the extent of the disease,
RCC is designated as localized (stage I, Il, or I11) or advanced (stage IV: tumor extending
into the ipsilateral adrenal gland, or beyond Gerota's fascia (T4), or metastatic disease
(M1). The preferred treatment modality for patients in stages I, Il, and Il is surgical

therapy, which presumes partial or radical nephrectomy. Although up to 30% of tumors

11



recur, systemic adjuvant therapy has not yet been introduced as a standard clinical
protocol. There is no clear evidence of survival benefits for the patients. At the same time,

the toxicity confers a substantial risk of side effects.

Nevertheless, the FDA approved sunitinib for adjuvant treatment of high-risk
RCC despite the small benefit shown over the placebo (DFS 5.8 vs. 6.6 years) (41).
Several other agents were investigated in clinical trials and showed only modest benefit
over the placebo in the adjuvant setting. Ongoing studies are investigating the adjuvant
immune checkpoint inhibitors treatment following the resection of high-risk RCC.
Patients with advanced or metastatic disease are treated with systemic therapy. Some of
the approved therapeutic protocols include immune checkpoint inhibitors (PD-1 and PD-
L1 inhibitors), CTLA-4, and angiogenic (VEGF) inhibitors. The immune checkpoint
inhibitors are recently replacing less preferred treatment options such as interleukin 2 (IL-

2) interferon-alpha and other interleukins.

1.2.4 Tubulocystic renal cell carcinoma

TCRCC is a new entity included in the latest WHO classification. About 100
cases of this rare tumor have been reported in the literature (21). TCRCC has a
characteristic macroscopic appearance. It is a well-circumscribed, encapsulated, gray-
colored tumor with the cut surface showing multiple variable-sized cysts resembling a
bubble wrap (42, 43). Histologically, it is composed of well-formed tubules and cysts and
a scant fibrotic stroma. Tubules and cysts are lined by a single or more layers of atypical
cells with abundant eosinophilic cytoplasm, frequent hobnail appearance, and a high
grade, enlarged nuclei with prominent nucleoli (27, 43). Not rarely, these tumors may

contain areas with classic PRCC morphology, or the associated PRCC may be found in

12



the tumor proximity, raising the question of their relationship with the PRCC (44, 45).
Less frequently, small foci of high-grade RCC may be associated with TCRCC (46).
Although the clinical and pathological evidence warrants TRRCC a separate place in the
kidney tumor classification, many questions remain unclear, requiring further
investigation of its relations with other tumors, molecular genetic properties, and

outcome.

Immunohistochemically, since the low number of cases reported in the literature,
these tumors are not well defined, and further research is necessary. Available literature
reports positive AMACR, vimentin and PAX8, variable CK7 and CD10, and negative

CD117 staining (27, 47).

Molecular and genetic analyses showed gains of 7 and 17 and loss of Y, similar
to PRCC (11, 45). However, conflicting data come from different studies, some of them
concluding that TCRCC does not show gains of 7 and 17, others conclude it shows loss
of 9 and gain of 17, having no relationship to PRCC (47-49). No consistent gene
mutations were reported in the literature. The molecular features of TRCC need further

elucidation.

1.2.5 Cystic histological variants of conventional renal tumors

The most common renal tumors typically present with solid, papillary, or
pseudopapillary appearance. However, it is well known that they occasionally present

with cystic, tubular, or pseudocystic patterns to a varying extent (11).

Renal oncocytoma is a benign tumor presenting grossly as a well-circumscribed,

solid, yellowish-tan mass, often having a central fibrotic area (7). Histologically it grows

13



in a solid and nested pattern, with large, round eosinophilic cells containing oval nuclei.
Stroma is loose and present only in areas with nested architecture. Rarely, this benign
tumor presents with an unusual growth pattern build of tubules and cysts, thus mimicking
malignant renal neoplasia with tubulocystic growth pattern, such as TCRCC, thus

creating a diagnostic difficulty or a pitfall, particularly on small biopsies.

Another renal tumor that may present with an unusual growth is ChRCC.
Chromophobe renal cell carcinoma is characterized by pale cells with prominent cell
membranes, wrinkled (resinoid) nuclei with perinuclear halos, and smaller eosinophilic
cells. It usually shows solid or solid-alveolar architectural patterns. The two recognized
ChRCC morphologic variants are classic and eosinophilic. However, the morphological
spectrum is broader, and amongst several described variants (50-52), a multicystic growth

pattern is sometimes encountered (30).

PRCC, as indicated by its name, shows the papillary architecture. It has a
prominent pseudocapsule, papillae formed by delicate fibrovascular cores that often
contain foamy macrophages and psammoma bodies. Traditionally, it is subdivided into
type 1 and type 2, based on histology differences, clinical behavior, and outcome. Type
1 PRCC shows papillae covered by cells with nuclei arranged in a single layer on the
papillary cores, often with scanty pale cytoplasm. Nevertheless, many exceptions to
classical morphological subtypes are reported in the literature, and this area is the subject
of intense research (53, 54). Although rarely, PRCC may radiologically and

pathologically exhibit cystic appearance (55, 56).
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1.3 Significance of cystic/tubulocystic growth pattern in renal

tumors

Less frequently, tubulocystic or cystic architectural patterns of common renal
tumors may represent a significant diagnostic challenge, leading to misdiagnosis,
particularly on a small biopsy. Clear morphologic, immunohistochemical, and molecular
criteria would improve the diagnostic accuracy and outcome of the patients. In addition,
the prognostic significance of cystic or tubulocystic growth patterns in RCC subtypes is
yet unclear and has been recently gaining more attraction (57-60). Recent observations
suggest that the predominant cystic or tubulocystic architecture in renal tumors predicts
better patient outcomes, and this appears to be true across the tumor subtypes (24, 58, 60-
62). Furthermore, in a case of resected multilocular cystic renal cell carcinoma, long-term
follow-up studies gathered sufficient evidence that this tumor does not metastasize.
Hence, its name was revised, and the tumor was placed into a borderline or low malignant
potential category in the 2016 WHO classification (61, 63). Similarly, first long-term
follow-up studies on clear cell papillary renal cell carcinoma (ccpRCC) have reported no
metastatic disease in these patients, proposing a revision of the tumor name and placing

it into a benign category (64, 65).
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2 HYPOTHESIS

Based on personal experience and available literature, we hypothesize that renal
tumor subtypes or variants with cystic or tubulocystic morphology have similar
immunoprofile and genetic abnormalities but a more favorable prognosis than their well-

described (characterized) conventional counterparts.
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3 AIMS

3.1 General aim

To characterize the morphological features, imunoprofile, and molecular genetic
profile of recently recognized tumor entity, namely the TCRCC. In addition, to
characterize tubulocystic variants of renal tumors subtypes and determine the most useful
morphologic, immunohistochemical, and molecular properties for differentiation of these
tumors in diagnostic practice. Furthermore, the characterization will elucidate the
biological and clinical significance of cystic and tubulocystic variants compared with

their conventional subtypes.

3.2  Specific aims

1.  To compare the clinicopathological characteristics (age, gender, size,
tumor stage, tumor grade, follow-up, architectural growth patterns, stromal features,
cytomorphology, ISUP nucleolar grade, necrosis, and mitotic activity) of tubulocystic

renal tumor variants with their conventional counterparts.

2. To compare the immunoprofile of cystic and conventional renal tumors
and determine the most appropriate biomarkers for differentiation of these tumors in

diagnostic settings.

3. To characterize molecular-genetic properties of the tubulocystic variants
of renal tumors and make a comparison among tubulocystic groups as well as their
conventional counterparts for identifying potential diagnostic molecular biomarkers or

molecules involved in pathogenesis and development of these tumors.
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4 MATERIALS AND METHODS

4.1  Case selection and study groups

The cases were searched from the Sikl's Department of Pathology registry,
Charles' University, Plzen, Czech Republic, which contains more than 19,000 kidney
tumors. The Ethical Committee of the Charles University Medical School Plzen, Czech
Republic (411/2015), and Ethical Committee of the University of Zagreb School of

medicine, Zagreb, Croatia, approved the study.

Renal oncocytomas (RO) were searched in the registry using the keywords
“kidney, oncocytoma”. The search revealed 645 cases. Thirty cases of RO with typical
morphology, defined by the WHO (7), i.e., round-to-polygonal cells with finely granular,
eosinophilic cytoplasm with round to oval nuclei, were retrieved from the archives and

revised.

Cystic renal oncocytoma (CRO) cases were refined from the previous search by
using the additional keyword “cystic”. The search revealed 36 cases, which were
retrieved from the archives and revised. In addition to previously used selection criteria
for RO, tumors with at least 50% of the tubulocystic architecture were selected. A total
of 24 cases fulfilled the inclusion criteria (3.7% of 645 available RO). Thirty classical,

conventional RO were retrieved from archives as a control group.

TCRCCs have been retrieved from the in-house and consultation files of the
same registry. A total of 15 cases were available. TCRCC typically demonstrated well-
formed, small to medium-sized tubules and cysts lined by large cells, usually

demonstrating abundant eosinophilic cytoplasm. The lining cells showed focal hob-nail
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shape with high nuclear grade with prominent nucleoli. Cases were reviewed for inclusion

criteria, and the diagnosis was confirmed by immunohistochemistry (IHC).

PRCCs have been searched in the registry with keywords “kidney, papillary”,
resulting in 1311 cases. Twenty-seven cases of the conventional, grossly solid,
microscopically typical PRCC type 1 were retrieved from archives. According to WHO
classification, the morphological criteria of PRCC type 1 are Papillary architecture with
delicate fibrovascular cores, often with foamy macrophages and psammoma bodies;
papillae covered mostly by cells with scanty cytoplasm and nuclei arranged in a single

layer (66).

PRCC with cystic and tubular features (cPRCC) were refined from the previous
search using additional keywords “cystic, tubular”. The search revealed 10 cases, which
were retrieved from the archives and revised using the morphologic criteria for PRCC,
with additional inclusion criteria, that is, at least 50% of the tumor showing cystic or
tubular architecture. All the tumors were large cystic lesions encapsulated by a thick,

mostly fibrotic tissue and showed necrotic areas in addition to cysts and tubules.

ChRCC was searched in the registry using the keywords “kidney,
chromophobe”. The search revealed 733 cases. Twenty cases showing well-defined
morphologic criteria according to WHO classification were selected, retrieved, and
revised. The inclusion criteria were solid, sheet-like, or nested architecture with
incomplete, often hyalinized vascular septa, large pale cells with reticular cytoplasm,
prominent cell membranes, wrinkled (resinoid) nuclei with perinuclear halo, and common

binucleation.
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Cystic ChRCCs (cChRCC) were further refined from the previous search by
adding the keywords “cystic”, or “tubular”. Searching resulted in 10 cases, retrieved from
the archives, and reviewed for criteria applied for conventional ChRCC and, in addition,
at least 50% of cystic or tubular architecture. Diagnoses were supported by

immunohistochemistry.

All the cases were reviewed by three pathologists (FS, MU, OH). For each case,
1 to 49 tissue blocks (mean 5.6) were available for review, and 1-2 representative blocks
were selected for immunohistochemical and molecular genetic studies. Clinical data,
follow-up, and macroscopic descriptions were collected by review of the institutional

medical records or by contacting the consulting pathologists from different institutions.

4.2 Conventional light microscopy

The tissue had been fixed in 4% buffered formalin, embedded in paraffin, and 3-
to 4-um-thick sections were cut and stained with hematoxylin and eosin. The sections
were evaluated by light microscopy for the following histologic features: visually
estimated percentage of cystic, solid, and nested patterns, the epithelial lining of the cysts
(single, pseudopapillary, multilayered), presence of papillary protrusions in the cysts,
hemorrhage within the cysts or stroma, extent and composition of the stroma, presence of
foamy macrophages, cytological features including nuclear ISUP nucleolar grade, nuclear
pseudostratification, mitotic activity, and the presence of necrosis. In cases of TC-RCC,

the percentage of additional histological patterns was recorded.
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4.3 Immunohistochemistry

An immunohistochemical study was performed using the following primary

antibodies:

Table 2. Antibodies and clones used in the study

Name clone name, type, manufacturer, dilution

AMACR 13H4, monoclonal, DAKO, Glostrup, Denmark, 1:200
Carbonic anhydrase I1X rhCA9, monoclonal, RD systems, Abingdon, GB, 1:100
Vimentin D9, monoclonal, NeoMarkers, Westinghouse, CA, 1:1000
OSCAR OSCAR, monoclonal, Covance-SpinChem, 1:500

PAX-8 polyclonal, Cell Marque, Rocklin, CA, 1:25

Cytokeratin 7 OV-TL12/30, monoclonal, DakoCytomation, 1:200
Cytokeratins AE1-AE3 monoclonal, BioGenex, San Ramon, CA, 1:1000

CD117 CD117, polyclonal; DakoCytomation, Glostrup, Denmark; RTU
EMA E29, monoclonal; Dako, Carpinteria, CA; 1:1000

CD10 56C6, monoclonal; Novocastra, Newcastle, UK; 1:50
TTF-1 SPT24, monoclonal; Novocastra, 1:400
Anti-mitochondrial antigen  MIA, monoclonal; BioGenex; 1:100

Cathepsin K monoclonal, 3F9, 1:100; Abcam, Cambridge, UK

TFE3 polyclonal, 1:100; Abcam

Antibodies were visualized using the supersensitive streptavidin-biotin-

peroxidase complex (Biogenex).

Appropriate  positive  controls were employed for all assays.
Immunohistochemical staining was recorded negative if no staining, or less than 5% of
staining was observed; as weak (+) for staining of up to 25% of tumor cells; moderate
(++) for staining 25-50% of tumor cells; and strong (+++) for staining in more than 50%

of tumor cells.
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4.4  DNA extraction

DNA was extracted from formalin-fixed paraffin-embedded (FFPE) tumor and
non-tumor tissues (when available) of each case using QIAsymphony DNA Mini Kit
(QIAGEN, Hilden, Germany) on an automated extraction system (QIAsymphony SP,
QIAGEN), according to the manufacturer’s supplementary protocol for FFPE samples
(purification of genomic DNA from FFPE tissue using the QlAamp DNA FFPE Tissue
Kit and Deparaffinization Solution). The concentration and purity of isolated DNA were
tested using NanoDrop ND1000 (NanoDrop Technologies Inc., Wilmington, DE, USA).
DNA integrity was examined by amplifying control genes in multiplex PCR, producing
fragments from 100 to 600 base pairs. Only cases with DNA integrity equal to or higher

than 400 bp were used for further analysis by aCGH.

4.5  Array comparative genomic hybridization

A CytoChip Focus Constitutional (BlueGnome Ltd., Cambridge, UK)
microarray processor was used for analysis. CytoChip Focus Constitutional uses BAC
technology and covers 143 regions of known significance with 1-Mb spacing across a
genome. Probes were spotted in triplicate. First, 400 ng of gDNA was labeled using the
Fluorescent Labeling System (BlueGnome Ltd., Cambridge, UK). The procedure
consisted of Cy3 labeling of a test sample and Cy5 labeling of a reference sample.
MegaPool Reference DNA of the opposite sex was used as a reference sample (Kreatech
Diagnostics, Amsterdam, Netherlands). Each labeled pair was mixed, dried, and
hybridized overnight at 47 °C using Arraylt hybridization cassettes (Arrayit Corporation,

CA, USA). Posthybridization washing was done using SSC buffers with increasing
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stringency. Dried microarrays were scanned with InnoScan 900 (Innopsys, France) at a

resolution of 5 um.

Scanned images were analyzed and quantified using BlueFuse Multi software
(BlueGnome Ltd., Cambridge, UK). BlueFuse Multi uses Bayesian algorithms to
generate intensity values for each Cy5 and Cy3 labeled spot on the array according to an
appropriate .gal file. The reported changes were browsed and interpreted using BlueFuse

Multi as well. Cutoff values were set to a log 2 ratio of —0.193 for loss and 0.170 for gain.

4.6  Fluorescence in Situ Hybridization (FISH)

For each case, a 4-mm-thick section was placed onto a positively charged slide.
Hematoxylin—eosin-stained slides were examined for the determination of areas for cell
counting. The unstained slide was routinely deparaffinized and incubated in the Target
Retrieval Solution Citrate pH 6 (Dako, Glostrup, Denmark) for 40 minutes at 95°C and
subsequently cooled for 20 minutes at room temperature in the same solution. The slide
was washed in deionized water for 5 minutes and digested in protease solution with pepsin
(0.5 mg/mL) (Sigma Aldrich, St Louis, MO) in 0.01 M HCI at 37 C for 20 minutes. The
slide was then placed into deionized water for 5 minutes, dehydrated in a series of ethanol
solutions (70%, 85%, 96% for 2 min each), and air-dried. Probes for aneuploidy detection
of chromosomes 7, 17, and Y (Vysis/Abbott Molecular, IL) (Table 3) were mixed with
water and CEP Hybridization buffer (Vysis) in a 1:2:7 ratio. An appropriate amount of
probe mix and factory premixed XY probe was applied to each specimen, which was then
covered with a glass coverslip and sealed with rubber cement. The slide was incubated in
the ThermoBrite instrument (StatSpin/lris Sample Processing, Westwood, MA) with

codenaturation parameters of 85 C for 8 minutes and hybridization parameters of 37 C
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for 16 hours. The rubber cemented coverslip was then removed, and the slide was placed
in posthybridization wash solution (2 SSC/0.3% NP-40) at 721C for 2 minutes. The slide
was air-dried in the dark, counterstained with 4, 6-diamidino-2-phenylindole (DAPI)

(Vysis), coverslipped, and examined immediately.

Table 3. FISH Probes for detection of aneuploidy of chromosomes 7, 17, and Y

Chromosome Probe
7 CEP 7 (D7Z1)/7p11.1-q11.1 Alpha Satellite DNA
17 CEP 17 (D17Z1)/17p11.1-q11.1 Alpha Satellite DNA

CEP X (DXZ1) SpectrumGreen/CEP Y (DYZ3)//Yp11.1-q11.1 Alpha
Satellite DNA/Xp11.1-q11.1 Alpha Satellite DNA

Y

FISH — fluorescence in situ hybridization

The sections were examined with an Olympus BX51 fluorescence microscope
(Olympus Corporation, Tokyo, Japan) using a 100 objective with Triple Band Pass
(DAPI/SpectrumGreen/SpectrumOrange) and Single Band Pass (SpectrumGreen/

SpectrumOrange) filter sets.

4.7  VHL gene analysis

Mutation analysis of exons 1, 2, and 3 of the VHL gene was performed using
polymerase chain reaction (PCR) and direct sequencing. PCR was carried out using the
primers shown in Table 4. The reaction conditions were as follows: 12.5 mL of HotStar
Taq PCR Master Mix (Qiagen), 10 pmoL of each primer, 100 ng of template DNA, and
distilled water up to 25 mL. The amplification program consisted of denaturation at 95°C
for 15 minutes and then 40 cycles of denaturation at 95°C for 1 minute, annealing at 55°C

for 1 minute, and extension at 72°C for 1.5 minutes for all amplicons. The program was
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finished by 72°C incubation for 7 minutes. The PCR products were checked on 2%
agarose gel electrophoresis. Successfully amplified PCR products were purified with
magnetic particles Agencourt AMPure (Agencourt Bioscience Corporation, A Beckman
Coulter Company, Beverly, MA), both sides sequenced using Big Dye Terminator
Sequencing Kit (Applied Biosystems, Foster City, CA) and purified with magnetic
particles Agencourt CleanSEQ (Agencourt Bioscience Corporation) all according to the
manufacturers’ protocol. The samples were subsequently run on an automated sequencer
ABI Prism 3130xI (Applied Biosystems) at a constant voltage of 13.2 kV for 20 minutes.
All samples were analyzed in duplicates, and analysis of positive samples was repeated.
For 3p loss of heterozygosity (LOH) analysis of neoplastic tissue DNA, 10 STR (short
tandem repeats) markers: D3S666, D3S1270, D3S1300, D3S1581, D3S1597, D3S1600,
D3S1603, D3S1768, D3S2338, and D3S3630 located on the short arm of chromosome 3
(3p) were chosen from the database (Gene Bank UniSTS). The primers are listed in Table
5. PCR conditions were the same as mentioned above. Successfully amplified PCR
products were mixed with GeneScan 500 LIZ dye Size Standard (Applied Biosystems)
and run on an automated genetic analyzer ABI Prism 3130xI (Applied Biosystems) at a

constant voltage of 15 kV for 20 minutes.

A sample was considered LOH positive if the ratio of non-tumor DNA to tumor

DNA was >1.5 or <0.66. All samples were analyzed in duplicates.
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Table 4. PCR Primers used in mutation analysis of the VHL gene and designed in
Primer3 software

Gene/Exon Name Primers (Sequence 5' — 3')
VHL/exon 1 VHL el-1 CGCGAAGACTACGGAGGT
VHL el-2 GTCTTCTTCAGGGCCGTA
VHL el-3 GAGGCAGGCGTCGAAGAG
VHL el-4 GCGATTGCAGAAGATGACCT
VHL el-5 GCCGAGGAGGAGATGGAG
VHL el-6 CCCGTACCTCGGTAGCTGT
VHL el-7 CCGTATGGCTCAACTTCGAC
VHL el-8 GCTTCAGACCGTGCTATCGT
VHL/exon 2 VHL e2-1 ACCGGTGTGGCTCTTTAACA
VHL e2-2 TCCTGTACTTACCACAACAACCTT
VHL/exon 3 VHL e3-1 GCAAAGCCTCTTGTTCGTTC
VHL e3-2 ACATTTGGGTGGTCTTCCAG
VHL e3-3 CAGGAGACTGGACATCGTCA
VHL e3-4C CCATCAAAAGCTGAGATGAAAC

PCR — Polymerase chain reaction

Table 5. PCR Primers used in LOH analysis of chromosome 3p

Marker Name Primers (Sequence 5' — 3')
D3S666 D3S666-SK#15 CAAGGCATTAAAGTGGCCACGC
D3S666-SK#16 GTTTGAACCAGTTTCCTACTGAG
D3S1270 D3S1270-F TGGAACTGTATCAAAGGCTC
D3S1270-R TTGCATTAGNATTCTCCAGA
D3S1300 D3S1300SF AGCTCACATTCTAGTCAGCCT
D3S1300A GCCAATTCCCCAGATG
D3S1581 D3S1581-F CAGAACTGCCAAACCA
D3S1581-R GGGTAACAGGAGCGAG
D3S1597 D3S1597-F AGTACAAATACACACAAATGTCTC
D3S1597-R GCAAATCGTTCATTGCT
D351600 D3S1600-F ATCACCATCATCTGCCTGTC
D3S1600-R TGCTTGCCTTGGGATTTA
D351603 D3S1603-F CCCTAACTCCACTTGAAAGC
D3S1603-R TCAGCGAACAGCAACAAAT
D3S1768 D3S1768SF GGTTGCTGCCAAAGATTAGA
D3S1768A CACTGTGATTTGCTGTTGGA
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D3S2338 D3S2338-F GAAGCCAGCAGTTTCTC

D3S2338-R CTGTATTGTTTTCCAGGATAAG
D3S3630 D3S3630-F AAGGGATAAGCTGCAAATCA
D3S3630-R ACCAAATACAATTCATGAGACCTGA

LOH — Loss of heterozygosity

4.8 FH (Fumarate hydratase) gene mutation analysis

Three cases occurring in young patients (29, 31, 44 y) were further analyzed.
DNA from FFPE tissue was extracted using a QlAsymphony DNA Mini Kit (Qiagen) on
the automated extraction system (QIlAsymphonySP, Qiagen) according to the
manufacturer’s supplementary protocol for FFPE samples (Purification of genomic DNA
from FFPE tissue using the QlAamp DNA FFPE Tissue Kit and Deparaffinization
Solution). The mutation of the whole coding sequence of the FH gene was performed
using PCR and direct sequencing. PCR was carried out using the primers shown in Table
6. The reaction conditions were as follows: 12.5 mL of HotStar Taq PCR Master Mix
(Qiagen), 10pmoL of each primer (Table 4), 100 ng of template DNA, and distilled water
up to 25 mL. The amplification program consisted of denaturation at 95°C for 15 minutes
and then 40 cycles of denaturation at 95°C for 1 minute, annealing at 60°C for 1 minute,
and extension at 72°C for 1.5 minutes for all amplicons. The program was finished with
72°C incubation for 7 minutes. The PCR products were checked on 2% agarose gel
electrophoresis. Successfully amplified PCR products were purified with the magnetic
particles Agencourt AMPure (Agencourt Bioscience Corporation, A Beckman Coulter
Company), both sides sequenced using the Big Dye Terminator Sequencing Kit (Applied
Biosystems) and purified with the magnetic particles Agencourt CleanSEQ (Agencourt)

all according to the manufacturers’ protocol. Subsequently, the sequencing products were
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run on an automated sequencer ABI Prism 3130x| (Applied Biosystems) at a constant

voltage of 13.2 kV for 20 minutes.

Table 6. PCR Primers used in FH gene mutation analysis

Primer name

Sequence 5' — 3'

Product size

FH-el-F
FH-el-R
FH-e2-F
FH-e2-R
FH-e3-F
FH-e3-R
FH-e4-F
FH-e4-R
FH-e5a-F
FH-e5a-R
FH-e5b-F
FH-e5b-R
FH-e6a-F
FH-e6a-R
FH-e6b-F
FH-e6b-R
FH-e7a-F
FH-e7a-R
FH-e7b-F
FH-e7b-R
FH-e8-F
FH-e8-R
FH-e9-F
FH-e9-R
FH-e10-F
FH-e10-R

GCGGAACGGTTTCTGACA
CAGGAGGGCTGAAGGTCACT
GATGCGATTACTTTTGATCCTG
CCAAAATAGCCAACATTTCCA
GCCAAAATAATAAACTTCCATGC
AGTATGGCATGGGTCTGAGG
GGCATAATCAGCATTATTATTTCCTT
AAAAACAGCAAAGCTCACATACTG
TTTGTTTTTGTTGCCTCTGATTT
GGATTTTGCATCAAGAGCATC
CTTTTCCCACAGCAATGCAC
CATTTGTACCAAGCTCTAAATTGAA
CTTTGCTCATCATAAGATTTGAAGT
CAACAGCAGTGCCTCCAG
TCAGGAATTTAGTGGTTATGTTCAA
CAGACCACGTATAATGAGAAATGAA
TTGCTAATGGTAGAAAAATGTTTAGTT
CCCAAAAATCGAATATCATTTGC
CTCATGACGCTCTGGTTGAG
CAAGTTTTAGCTCCAACATTTACTAGC
TTTCTTTATTCTCCTGATTATTTGCAT
CCAAGATAATAAGCCTTTGGTCA
CTCTCTCTCTCTCTCTCTCTCACTCAC
TGGTTTAGCTTTTTAATTTTGCATT
AACCCATATGTCGTCTTTTTATTTTT
TTTTTAAGAAATGGGAGTCTGTTTTT

263

235

230

262

169

218

262

224

200

197

249

244

245

PCR — Polymerase chain reaction

4.9  Analysis of VHL promoter methylation

Detection of the VHL promoter methylation was carried out via methylation

specific PCR as described elsewhere (67). Briefly, 100 ng of DNA or 2 puL of converted

DNA was added to reaction consisted of 12.5 pL of HotStar Taqg PCR Master Mix
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(Qiagen), 10 pmol of forward and reverse primer and distilled water up to 25 pL. The
amplification program comprised denaturation at 95°C for 14 minutes and then 40 cycles
of denaturation at 95°C for 1 minute, annealing at 60°C for 1 minute, and extension at
72°C for 1 minute. The program was finished by incubation at 72°C for 7 minutes. The
PCR products were checked on 2% agarose gel electrophoresis. A patient with known
VHL mutation and fully methylated HeLa cell DNA were used as a positive control for
VHL mutation analysis and promoter methylation analysis, respectively. As a negative

control, randomly selected healthy donor blood was used.

4.10 Statistical analysis

The data were analyzed using SPSS version 19 (Chicago, IL, USA). Chi-square
test was used to analyze the differences in morphologic criteria and immunohistochemical
staining pattern and intensity. Fisher’s exact test was used for dichotomous variables, and
student t-test was used to compare mean Ki-67 percentages. Kaplan Meier Survival
Analysis was used to analyze the overall survival across the tumor types. Cox-Mantel
log-rank test was used to calculate the p-value for differences between the groups. A p-

value of less than 0.05 was considered significant.
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S RESULTS

5.1  Cystic Renal Oncocytoma

5.1.1 Clinico-pathological characteristics

We evaluated 24 cases of the predominantly cystic variant of the RO and
compared their clinicopathological properties with 30 conventional solid variants of this
tumor to examine whether the two variants differ otherwise, except for their predominant

architecture. The results are summarized in Table 7 and Table 8.

The patients’ mean age was 68.7 years (range 51-85) in the cystic RO variant
group and 60.3 years (range 24-85) in the conventional RO group. There were 17 (70%)
male and 7 (30%) female patients in the cystic RO group (M:F ratio 2.43) and 21 (62%)
males and 9 (28%) females in the conventional RO group (M:F ratio 1.63). The average
size of the tumors was 25.6 mm (range 10-47 mm) in the cystic RO group and 32.1 mm

(range 10-100 mm) in conventional RO.

The average follow-up duration was 33.6 months (range 12-108) in cystic RO
and 68.6 months (range 2-128) in conventional RO. The status of the patients’ follow-up

is presented in Table 7.

Histological analysis revealed differences between the CRO and RO in
architecture, frequencies of hemorrhage, and the amount and type of stroma. The

morphological characteristics are summarized in Table 8 and Figure 3.
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Table 7. Clinical properties of cystic renal oncocytoma (cRO) and conventional renal

oncocytoma (RO)

cRO RO p-value

Number of cases (n) 24 30
Age (years) (range) 68.7 (51-85) 61.6 (24-85) p>0.05
Sex

M 17 21

F 7 9

M:F ratio 2.43 1.63
Size (mm) (range) 25.6 (10-47) 32.1 (10-100) p>0.05
Follow up (months) (range) 33.6 (12-108) 68.6 (2-128)

AW (n) 10 21

DOD 0 3

DD 0 0

LFU 14 6

M —male, F —female, AW — Alive and well, DOD — died of other diseases, DD — died of disease,
LFU — lost for follow-up. p<0.05 was considered significant.

5.1.2 Immunohistochemical properties

The immunohistochemical properties of the CRO are summarized in Table 9.

cRO shows an immunohistochemical profile similar to the solid RO variant with diffuse

positivity for CAM5.2, CD117, OSCAR, MIA, and scattered staining pattern for CK7 in

most of the cases. CRO is mostly negative for CAIX and CD10 staining.
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Table 8. Morphological characteristics of the cystic renal oncocytoma (cRO) and
conventional renal oncocytoma (RO)

cRO (n=24) RO (n=30) p value

Architecture

Tubules/cysts (mean volume %) 76.8 4.0

Solid (mean volume %) 10.7 86.0 p<0.01

Islands/nests (mean volume %) 12.0 10.8
Papillary/micropapillary budding in cysts [n(%)]

Yes 3(12) 1(2)

No 21 (88) 29 (98)
Lining of the cysts [n (%)]

Single cell layer 20 (83.3) 1(2.0)

Pseudopapillary 2 (8.3) 0 (0.0)

Multilayered 2 (8.3) 0 (0.0)
Hemorrhage [n (%)]

None 3(12.5) 27 (90.0)

Tubules/cysts 17 (70.8) 1(2.0)

Tubules/cysts and stroma 4 (16.7) 0 (0.0)

Stroma 0 (0.0) 2 (8.0)
Type of stroma [n (%)]

Loose 19 (79.2) 2 (6.0)

Loose and fibrotic 3 (12.5) 24 (80.0) p<0.01

Fibrotic 2(8.3) 4 (14.0)
Amount of stroma

Scant 12 (50.0) 25 (82.0)

Moderate 9 (37.5) 4 (16.0)

Abundant 3(3.0) 1(2.0)
Cytology [n (%)]

Dominant oncocytic 24 (100) 29 (98.0)

Focal oncocytic 0 (0.0) 1(2.0)
Nucleolar grade [n (%)]

1 13 (54.2) 17 (58.0)

2 10 (41.7) 11 (36.0)

3 1(4.2) 2 (6.0)

4 0 (0.0) 0 (0.0)
Mitotic figures [n (%)]

Yes 0 (0.0) 0 (0.0)

No 24 (100.0) 30 (100.0)
Necrosis [n (%)]

Yes 0 (0.0) 0 (0.0)

No 24 (100.0) 30 (100.0)

cRO - cystic renal oncocytoma, RO — renal oncocytoma. p<0.05 was considered significant

and was shown where appropriate.
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Figure 3. (A) The morphology of the cystic renal oncocytoma (CRO) shows
predominantly cystic architecture. (B) Cells lining cysts are relatively uniform,
voluminous, cuboidal, arranged in a single row. (C) Areas of prominent stroma with
isolated islands of oncocytic cells are typical for cRO. (D) Immunoreactivity for vimentin
shows negative staining in the cRO cells.
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Table 9. Immunohistochemical properties of the cRO and RO

cRO (n=24) RO (n=30)

Antibody/tumor (%) (%) p-value
AMACR 33 27
CK7 Osc Osc
CAIX 5f 0
CD117 100 100
PAX8 80 64
Vimentin 5 9
Cathepsin K 2 3
CD10 4f 9w
CAMb5.2 100 91
AE1/AE3 80 64
OSCAR 100 100
TFE3 0 0
EMA 82 64
MIA 96 100
Ki67 4.9 3

sc — scattered cells positivity in less than 5% cells; w — weak staining; f — focal staining; cRO —
cystic renal oncocytoma, RO — renal oncocytoma. p<0.05 was considered significant and was
shown where appropriate.

5.2 Tubulocystic RCC

5.2.1 Clinico-pathological characteristics

Tubulocystic RCC was a recently established, distinct tumor entity. It does not
have its solid counterpart. We thoroughly analyzed and characterized 15 institutional and

consultation cases of this newly established tumor by the WHO.

The mean age of the patients was 59.8 years (range, 28-78 years). There were 10
(66.6%) male and 5 (33.4%) female patients in this group (M:F ratio 2.0). The average
size of the tumors was 44.5 mm (range, 10-90 mm). Eleven cases were stage pT1, three

were pT2, and one case was stage pT3.
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Clinically and grossly, tumors presented as solitary, well-circumscribed masses.
They were mostly composed of closely packed well-formed tubular and cystic structures
separated by thin fibrous septa. This architecture was present with an average of 86.7%
tumor volume. The small papillary budding was present in more than half of the cases.
Stroma was scant and fibrotic in most of the cases. Mitoses and necrosis were
occasionally found (Figure 4 and Table 10). The epithelial cells lining the cysts were
eosinophilic with cylindrical, cuboidal, flattened, or hobnail appearance. The lining cells

contained prominent nucleoli, mostly equivalent to ISUP nucleolar grade 3.

Six cases had pure TCRCC morphology. Another five cases contained distinctive
and separate PRCC-like areas (mostly PRCC type 1 like) in the association with TCRCC
(Figure 4 C-D). Three cases showed TCRCC morphology with PRCC-like areas, high-
grade renal cell carcinoma (HGRCC NOS) (Figure 5), or CCPRCC/RAT-like features.
The TCRCC with CCPRCC/RAT-like areas presented at an advanced stage and had a
fatal outcome due to metastatic disease within one year of surgery. The last case had
classic TCRCC architecture and cytological appearance but large prominent nuclei and
conspicuous red nucleoli. It was later reclassified using molecular genetic analysis as
hereditary leiomyomatosis-associated RCC (HLRCC) (Figure 4). Tumors with

intermixed TCRCC and PRCC architecture were excluded from the study (Figure 6).

The average follow-up duration was 47.5 months (range, 12-108 months). Ten
patients with pure TCRCC and TCRCC with PRCC-like areas were alive and well. One
patient with a tumor reclassified as HLRCC was alive with advanced metastatic disease.
Four patients later reclassified as non-TCRCC based on heterologous component and

molecular findings had an adverse outcome on follow-up and died. Three of the deceased
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patients were younger than 45 years (2 males, 29 and 44 years old, and 1 female, 31 years

old).

Figure 4. Morphological properties of Tubulocystic renal cell carcinoma (TCRCC). (A, B)
Low power magnification shows typical tubulocystic renal cell carcinoma architecture
presented by closely packed well-formed tubules and cysts separated by thin fibrous
septa. (C, D) Papillary renal cell carcinoma-like areas were frequently associated with
TCRCC. (E) Cysts were lined with eosinophilic with cylindrical, cuboidal, flattened, or
hobnail cells appearance. (F) One case with typical TCRCC morphology was later
reclassified as hereditary leiomyomatosis-associated renal cell carcinoma using
molecular genetic testing.
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Figure 6. Intermixed TCRCC and PRCC architecture. These tumors were excluded from
the study.
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Table 10. Morphological features of TCRCC

TCRCC (n=15)

Architecture

Tubules/cysts (mean volume %) 86.7

Solid (mean volume %) 2.0

Islands/nests (mean volume %) 1.8
Papillary/micropapillary budding in the cysts [n(%0)]

Yes 9 (60.0)

No 6 (40.0)
Lining of the cysts [n (%)]

Single cell layer 6 (40.0)

Pseudopapillary 6 (40.0)

Multilayered 3 (20.0)
Hemorrhage [n (%)]

None 5 (33.3)

Tubules/cysts 3 (20.0)

Tubules/cysts and stroma 3 (20.0)

Stroma 4 (26.7)
Type of stroma [n (%)]

Loose 1(6.7)

Loose and fibrotic 2 (13.3)

Fibrotic 12 (80.0)
Amount of stroma

Scant 13 (86.7)

Moderate 2 (13.3)

Abundant 1(6.7)
Cytology [n (%)]

Dominant oncocytic 9 (60.0)

Focal oncocytic 6 (40.0)
Nucleolar grade [n (%0)]

1 1(6.7)

2 5(33.3)

3 9 (60.0)

4 0 (0.0)
Mitotic figures [n (%)]

Yes 4 (26.6)

No 11 (73.3)
Necrosis [n (%)]

Yes 4 (26.7)

No 11 (73.3)

TCRCC — tubulocystic renal cell carcinoma
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5.2.2 Immunohistochemical properties

Immunohistochemically, TCRCC showed diffuse staining for CAM5.2, MIA,
OSCAR, and variable positivity for EMA and CA-IX. CD117 was negative in 93.3% of
cases, and vimentin and AMACR were mostly positive, with a Ki-67 proliferative index

of 17.93. Immunohistochemical findings are summarized in Table 11.

LA O

Figure 7. Vimentin staining in TCRCC shows diffuse positivity in 80% of the cases.
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Table 11. Immunohistochemical properties of the TCRCC

TCRCC (n=15)

antibody (%)
AMACR 87
CK7 70p
CAIX 43 p
CD117 6
PAX8 93
Vimentin 93
Cathepsin K 0
CD10 70
CAM5.2 100
AE1/AE3 100
OSCAR 100
TFES3 0
EMA 77
MIA 100
Ki67 17.9

TCRCC - tubulocystic renal cell carcinoma; p — patchy staining pattern

5.2.3 Molecular genetic properties

We used FISH, PCR, and direct sequencing to analyze the most common genetic
abnormalities reported in renal carcinomas to elucidate the molecular profile and the
position of this renal carcinoma subtype within the renal carcinoma family. Structural and
numerical chromosomal abnormalities of chromosomes 7, 17, Y were analyzed with
FISH, while PCR and direct sequencing were used to analyze the VHL and FH gene

mutations.

Chromosomes 7 and 17 were successfully analyzed in 13 and 14 cases,
respectively, in the areas showing TCRCC morphology. Chromosome 7 was disomic and

polysomic in 9 and 4 cases, respectively. Chromosome 17 was disomic and polysomic in
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6 and 8 cases, respectively. Chromosome Y was normal in 3 cases and polysomic in 1
case, while another showed loss of chromosome y. In summary, the most frequent
aberrancies were disomic chromosome 7 and polysomic chromosome 17. In 2 cases,
chromosome 7 disomy, a gain of 17, and normal Y was found. The case has later proven
to be HLRCC had chromosome 7 and 17 polysomy with a gain of Y in TC-RCC-like
areas, and chromosome 7 disomy, a gain of 17, and normal Y in PRCC-like areas. One
of the 2 cases with foci of HGRCC was not analyzable due to the insufficient number of
tumor cells. The HGRCC area in the second tumor showed disomic chromosome 7,
polysomic chromosome 17, and normal Y. This tumor also contained a PRCC focus that
showed the same status of chromosomes 7 and Y, with a gain of chromosome 17. The
TCRCC component in this tumor was disomic for chromosome 7 and polysomic for

chromosome 17.

In the single case with a CCPRCC/RAT-like pattern, both components
(CCPRCC/RAT and TCRCC) showed gains of chromosomes 7 and 17. In addition,

mutation of the VHL gene and LOH 3p were found in the CCPRCC/RAT-like area.

Three cases with aggressive forms of TC-RCC (patients being younger than 45 at
the time of diagnosis) were analyzed for mutations of the FH gene. One was not
analyzable due to the low quality of DNA, one was negative for mutations, and one
showed a deletion of exon 7 of the FH gene: ¢.911 917delCTTTTGT,

p.(Phe305Leufs*22).
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Table 12. Histologic patterns and chromosome 7, 17, and Y status in TCRCC cohort

Cise Hlstolo?ol/:):)pattern Chromosome 7 Chromosome 17 Chromosome Y
1 TCRCC (100) polysomy disomy normal (XY)
2 TCRCC (100) NA polysomy NA
3 TCRCC (100) disomy polysomy NP
4 TCRCC (100) disomy polysomy NP
5 TCRCC (100) disomy disomy NP
6 TCRCC (100) disomy disomy loss (X0)
7 TCRCC (95) polysomy polysomy polysomy (XYY)
PRCC (5) disomy polysomy normal (XY)
8 TCRCC (60) disomy polysomy normal (XY)
PRCC (40) polysomy polysomy X polysomy (XXY)
9 TCRCC (90) disomy disomy NA
PRCC (10) NA NA NA
10 TCRCC (95) disomy polysomy NA
PRCC (5) NA NA NA
11 TCRCC (99) polysomy disomy normal (XY)
PRCC (1) NA NA NA
12 TCRCC (99) disomy disomy NP
PRCC (1) NA NA NP
TCRCC (70) disomy polysomy NA
13 PRCC (25) disomy polysomy normal (XY)
HGRCC (5) disomy polysomy normal (XY)
14 TCRCC (95) NA NA NA
HGRCC (5) NA NA NA
15 TCRCC (50) polysomy polysomy NP
RAT (50) polysomy polysomy NP

TCRCC - tubulocystic renal cell carcinoma; PRCC — papillary renal cell carcinoma; HGRCC — high-
grade renal cell carcinoma; RAT — renal angiomyomatous tumor; NA — not analyzable; NP — not
performed
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Cystic Papillary RCC

5.3.1 Clinico-pathological characteristics

Papillary RCC is the second most frequent kidney cancer with well-established

and described histologic type 1 and type 2 variants confirmed by molecular profiling.

Type 2 is further molecularly subdivided (68). Rarely, this tumor may present with

abundant necrosis, cystic and pseudocystic architecture. We aimed to characterize the
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cystic and necrotic variant of PRCC type 1 (cPRCC) and compare the data with the

conventional papillary variant.

We retrieved 10 cases from our institutional archives and external consultation
cases and compared them with 27 cases of the conventional variant of this tumor. The
patients' mean age was 62.6 years (range, 32-85 years) in the cPRCC group and 54.4 years
(range, 20-84 years) in the conventional PRCC variant. There were 8 (80%) male and 2
(20%) female patients in the cPRCC group (M:F ratio 4.0), and 15 (56%) male and 12
(44%) female in the conventional PRCC group (ratio M:F 1.27). The average size of the
tumors was 94 mm (range, 60-140 mm) in cPRCC and 35.3 mm in the conventional
PRCC group (p<0.05). Two cases were in the pT1b stage, while the rest of the tumors
were in the pT2 stage in cPRCC. In PRCC 17/27 cases were pT1a, 9/27 cases pT1b, and

one case pT2a (p<0.05).

In the cPRCC group, the average follow-up duration was 48 months (range, 5-
128 months). Seven patients were alive and well at the time of the study, while three
patients died of conditions unrelated to PRCC progression (lung cancer and hepatic
failure). In the conventional PRCC group, the average follow-up duration was 42.2
months (range 16-92). Similar to the cPRCC group, most of the patients (25/27) were
alive and well at the study time, while only 2/27 died of conditions unrelated to kidney

cancer.

Grossly, tumors were well-circumscribed, unilocular cystic mass, encapsulated
by thick fibrous tissue, with the inner surface lined by a thin brownish friable tissue cystic

space filled with hemorrhagic and necrotic material (Figure 8).
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Figure 8. Cystic and necrotic Papillary Renal Cell Carcinoma. The tumor was surrounded
by think whiteish fibrous tissue, and the cystic space was filled with hemorrhagic and
necrotic material.

Microscopically, most of the tumors showed basophilic appearance with low-
grade nuclei, consistent with the PRCC type 1. In most cases, the central part of the tumor
was largely necrotic, while peripheral parts contained viable neoplastic cells focally
forming short papillae, micropapillae or tubulopapillary structures (Figure 9 A, D). The
papillary structures were lined by a single layer of cuboidal or low columnar cells with

scant cytoplasm and uniform nuclei (Figure 9 C).
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Figure 9. Microscopic appearance of the cystic papillary renal cell carcinoma (cPRCC).
(A) A limited amount of the vital neoplastic tissue was present at the peripheral parts of
the tumor, lining the thick fibrous-walled cyst. (B) Large central areas of the inner surface
of the cyst were covered by necrotic material. (C-D) Viable neoplastic tissue formed
tubulopapillary or short papillary structures mostly lined by single-layer cuboidal or low-
columnar epithelial cells with scant cytoplasm and uniform nuclei.

5.3.2 Immunohistochemical properties

On immunohistochemical analysis of the cPRCC, 10/10 (100%) of tumors were
diffusely positive for OSCAR, CAMS5.2, vimentin, and AMACR (Table 13 and Figure
10). All the cases were also positive for CD117; however, the staining was weak. MIA
was diffusely positive in 9/10 (90%) cases, and in one case, the positivity was focal.

PAX8 was diffusely positive in 7/10 (70%) of cases, while in 3/10 (30%), the staining
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was only focally positive. CAIX and TFE3 were negative in all the cases. Cathepsin K,
and AE1-AE3 showed variable expression. The same antibodies showed similar staining
percentages, patterns, and intensities across the conventional PRCC type 1 group, except
the CD117, which was weekly positive in all cPRCC cases while mostly negative in

conventional PRCC.

Table 13. Immunohistochemistry analysis of cPRCC and PRCC cohorts.

cPRCC (n=10) PRCC (n=27)

antibody/tumor (%) (%) p-value
AMACR 100 92

CK7 90 92

CAIX 0 0

CD117 100 w 14 p<0.01
PAX8 100 92

Vimentin 100 60 p<0.05
Cathepsin K 20w 7

CD10 70 61

CAM5.2 100 92

AEL1/AE3 100 p 92

OSCAR 100 100

TFE3 0 0

EMA 90 84

MIA 90 100

Ki67 6 5

w — weak staining intensity; p — patchy staining; cPRCC — cystic papillary renal cell carcinoma,
PRCC - papillary renal cell carcinoma (conventional, type 1). p<0.05 was considered significant
and was shown where appropriate.
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Figure 10. AMACR immunohistochemistry staining in (A) cPRCC and (B) PRCC type 1.
The cells were uniformly positive in both tumor variants.

5.3.3 Molecular genetic properties

Next, we used aCGH and FISH to investigate the copy number variation in cystic
PRCC. The most common finding was polysomic chromosome 7 and 17, found in 5/10
(50%) cases. In addition, one case showed a gain of chromosomes 7, 12, 13, 16, and 17
and loss of chromosome 21. Loss of chromosome Y was found in one case, with a gain
of 9, 12, and 20. Two cases showed no chromosomal numerical aberrations (Figure 11

and Table 14).

VHL gene abnormalities, including mutations, hypermethylation of VHL

promoter, and loss of heterozygosity of 3p locus, were not found in any cases (Table 14).
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Table 14. Molecular genetic findings in cystic papillary renal cell carcinoma

LOH

(0]

Cf sex aCGH Chr7  Chrl7 ChrX/Y 3" VHLmut  VHLmet
1 M +9,+12,+20,-Y D D -Y Neg Neg Neg
2 F +12,+13,+16,+17,-21 D P XX Neg Neg Neg
3 M No changes NA NA NA Neg Neg Neg
4 M NP D P -Y NA NA Neg
5 F NP NP NP NP NP NP NP
6 M +7, +17 P P -Y Neg Neg Neg
7 M +(7pter-7q32.1),+17,- P P -Y NA Neg Neg
8 M No changes P D XY Neg Neg Neg
9 M +2,+3,47,+12,416,+1 P P XY Neg Neg Neg

7,+20,+21,+22
10 M NP P P -Y NA Neg Neg

aCGH - Array comparative genomic hybridization; Chr 7 — chromosome 7, Chrl7 — chromosome
17; ChrX/Y — sex chromosome status; LOH — loss of heterozygosity; VHLmut — VHL gene mutation;
VHLmet — VHL gene methylation; NA — not analyzable; NP — not performed; Neg — negative for
mutation or methylation; D — disomy; P - polysomy

1.00
0.70
0.40
010 o, el
o0l T

-0.51
0.81
-1.11

Log2 Ratio Ch1/Ch2

-1.41
-1.71
-2.01

Chromosomal Position

Figure 11. Array CGH profile of case 7 revealing gains on chromosomes 7 (7pter-7g22.1)
and 17, and loss of chromosome Y.
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5.4  Cystic Chromophobe RCC

5.4.1 Clinico-pathological characteristics

Chromophobe RCC is the third most common kidney cancer, with a frequency
of about 5% of all renal tumors. We analyzed a rare cystic variant of this tumor and

compared it with its common solid form.

We retrieved 10 cases of cystic ChRCC (cChRCC) from our institutional
archives and external consultation cases and compared them with 20 cases of the
conventional solid variant of this tumor. The patients' mean age was 68 years (range 50-
89 years) in the cChRCC group and 61.4 years (range 17-83 years) in the conventional
ChRCC variant. There were 6 (60%) male and 4 (40%) female patients in this cChRCC
group (M:F ratio 1.5) and 11 (55%) male and 9 (45%) females in the conventional ChRCC
group (ratio M:F 1.25). The average size of the tumors was 53.22 mm (range 12-200 mm)
in the cChRCC, and 53-6 mm in the conventional ChRCC group (p>0.05). Six of ten
cases (60%) were pT1la stage, 2/10 (20%) were pT1b, 1/10 (10%) was pT2 stage, while
the staging was missing for one case for cChRCC. Eight of 20 cases were pTla (40%),
6/20 (29%) cases were pT1b, 5/20 (25%) pT2, and 1/20 (3%) was pT3 in conventional

ChRCC group.

In the cChRCC group, the average follow-up duration was 66 months (range 12—
128). None of the patients died of kidney cancer. Six patients (60%) were alive and well
at the time of the study; one died of an unrelated disease (10%), and three were lost for
follow-up. In the ChRCC group, the average follow-up duration was 40.7 months (range

25-110). The majority of the patients (14/20, 70%) were alive and well at the time of the
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study, 3/20 (15%) died of a condition unrelated to kidney cancer, and another 3/20 (15%)

died of the disease.

Grossly, cChRCC were well-demarcated. Invasion into the blood vessels, renal
sinus, pelvicalyceal system, or perirenal fat was not found. The tumor cut surface was

brown or tan/yellow or gray.

The cells of most of the tumors were eosinophilic/oncocytic (6/10) or pale and
leaf-like (3/10), while one case showed a mixed cell population. All the cases
demonstrated typical morphological signs of chRCC, such as raisinoid nuclei and
perinuclear halo. Binucleated cells were seen occasionally. According to the Paner
grading system (grade 1 or 2), all the cases were low grade, without grade 3, or

sarcomatoid differentiation.

Histologically, the tumors showed a prominent multicystic pattern with
irregularly sized and shaped cysts and focal glandular cribriform pattern. Septa of the
cysts were thin, lined mainly by a single layer of neoplastic cells. Occasionally larger
aggregates of mostly eosinophilic/oncocytic cells were present within the septa. Deposits
of dark brown pigment (lipofuscin and hemosiderin) were focally present in half of the
cases. Dystrophic calcification was noted in four cases, while necrosis was not present
(Figure 12 A-B). A smaller number of tumors (3/10) had a more solid appearance due to
compressed elongated tubules resembling a solid architectural appearance. However, no
proper solid areas were seen (Figure 12 E-F). The lumina of the compressed elongated

tubules displayed a slit-like pattern (Figure 12 F).
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Figure 12. Morphology of the cystic chromophobe Renal cell carcinoma. (A) Multicystic
architecture in a cystic variant of chromophobe renal cell carcinoma. (B) Dark brown
lipochrome pigment was present within cystic spaces. (C, D) Tumors were composed of
large eosinophilic or pale cells with raisinoid nuclei and perinuclear halo. (E, F) Some of

the tumors showed compressed tubular and cystic spaces.
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5.4.2 Immunohistochemical properties

Immunohistochemically, cChRCC were positive for CK7, OSCAR, CD117,
EMA, antimitochondrial antigen, and PAX8. CK7 positivity was moderate to strong, with
a somewhat patchy pattern in seven cases. Immunoreactivity for CD117 was diffuse but
varied in intensity, ranging from weak (three cases) to strong (four cases). As indicated
by nuclear Ki-67 staining, proliferation activity was very low (<1 %) in all cases. All the
cases were negative for vimentin, AMACR, CAIX, TFE3, cathepsin K (Table 15 and

Figure 13).

Table 15. Immunohistochemistry of the cystic chromophobe renal cell carcinoma

Antibody/tumor cCh R((:OC/;)(n:m) ChRC&J;n:ZO) p-value
AMACR 0 12
CK7 100 p 92
CAIX 0 0
CD117 100 100
PAX8 100 w 90
Vimentin 0 0
Cathepsin K 0 0
CD10 10 7
CAM5.2 70 61
AE1/AE3 100 p 92
OSCAR 100 90
TFE3 0 0
EMA 100 84
MIA 100 92
Ki67 1 1

w — weak staining intensity; p — patchy staining; cChRCC — cystic chromophobe renal cell
carcinoma, ChRCC — chromophobe renal cell carcinoma (conventional). p<0.05 was considered
significant and was shown where appropriate.
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Figure 13. Immunohistochemical staining of cystic chromophobe carcinoma shows (A)
consistently positive CK7 staining with a patchy pattern, and (B) CD117 staining.

5.4.3 Molecular genetic properties

We performed an aCGH analysis to analyze the ploidy status of the cChRCC.
Multiple losses of chromosomes 1p, 2q, 6, 13, 17, 21, and X were found in two cases.

Three cases showed no numerical chromosomal aberrations.

5.5 Immunohistochemical profiles of the cystic renal tumors

We pooled the data to compare the immunohistochemistry profiles of the
different cystic renal tumor variants to get a better overview of the biomarkers involved
in pathogenesis and evaluate their diagnostic usefulness. The data are summarized in

Table 16.

PAXS is expressed in all cystic renal tumor types and is considered a helpful
marker for distinguishing metastatic renal neoplasia from other metastases. AMACR is

positive in cPRCC and TCRCC, but is entirely or primarily negative in cRO and cChRCC.
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CAIX is variable positive only in TCRCC, while negative in other cohorts. CK7 was
positive in cChRCC, negative in cRO, and variably positive in cPRCC and TCRCC.
Pankeratin antibodies, EMA, and MIA almost consistently stained all the tumors. CD10
and vimentin were negative in cRO and cChRCC, while mostly positive in cPRCC and
TCRCC. Cathepsin K and TFE3 were invariably negative in all the evaluated cohorts.
Ki67 proliferative index was low in all tumors, except for TCRCC where it was expressed

in more than 17% of the cells.

Table 16. Immunohistochemical profile of the cystic variants of renal tumors

cRO cChRCC cPRCC TCRCC

AMACR o 33 0 ® 100 ® 387
CK7 0 ® 100 O 40 70
CAIX O 5 O 0 o 0 O 43
CcD117 ® 100 ® 100 & 30 () 6
PAX8 ® 80 o 50 ® 9 ® 93
vimentin () 5 0 ® 100 ® 93
cathepsin K O 2 O 0 O 20 O 0
CD10 O 4 ) 10 & 70 o 70
CAMS5.2 ® 100 70 ® 100 ® 100
AE1/AE3 ® 80 50 ) 60 ® 100
OSCAR ® 100 ® 100 ® 100 ® 100
TFE3 O 0 O 0 O 0 O 0
EMA ® 82 ® 100 ® 92 ® 77
MIA ® 96 ® 100 ® 9 ® 100
Ki67 () 4.9 O 1 () 6 ()17.93

cRO - cystic renal oncocytoma; cChRCC — cystic chromophobe carcinoma;
cPRCC - cystic papillary renal cell carcinoma; TCRCC — tubulocystic renal cell
carcinoma. Percentage of cases with positive staining: © 0-25%; © >25-50%;
>50-75%; ® >75%
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5.6  Molecular profiles of the cystic renal tumors

Pooled molecular findings in cystic variants of the common renal tumors
evaluated in this study show variable and inconsistent results. The results are summarized
in Table 17. TCRCC most frequently showed gains of 7, 17, but gains of Y and X were
also present. The most frequent finding in cPRCC are gains of chromosomes 7 and 17
and loss of Y. However, many other chromosomes were found to be altered. cChRCC on

contrast shows only losses, among which -1p, -2q, -6, -13, -17, -21, and -X.

Table 17. Pooled results of molecular genetic analyses of the cystic renal tumor variants.

Tumor type Frequent genetic abnormalities
cRO not analyzed
TCRCC +7,+17,+Y,+X
pRCC +2,+3,+7,+9,+12,+13,+16,+17,+20,+21,+22
-21,-Y
No changes in VHL, nor in LOH 3p
cChRCC -1p, -2q, -6, -13, -17, -21, and -X

5.7  Prognostic value of tubular or cystic architecture across the

RCC subtypes

To check whether cystic and tubular tumor architecture is associated with a
better patient outcome, we analyzed overall survival rates across the tumor types using
Kaplan Mayer survival analysis. The analysis may be limited due to the rarity of these
tumors, and therefore a small number of cases, and lack of matching by age and stage.
Nevertheless, it gives a good indication of whether this question needs further research

and attention. Generally, the survival plots were more favorable in cystic variants of the
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tumors; however, the differences were not statistically significant (Figure 14). The
majority of the patients in the study, across the tumor types, were alive and well on their
last follow-up examination. Several patients eventually died; however, most of them died
of a condition other than kidney cancer. A small number of cases in the cohorts did not

allow disease-specific survival analysis.

1.0 S 1.0 5
0.8 0.8 1
= s
g 06 - Z 06
s 2
= 04 p=0.980 T 04 -
5 2
S 0.2 Q 0.2 *
S RO CRO g TCRCC
0.0 T T T T T 0.0 T T T T T "
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Months Months
m Read survival rate at: | m Read survival rate at:
There are total of Total number Med. Sur. Surv. rate There are total of Total number Med. Sur. Surv. rate
2 groups Allpts: 54 MNR  91.64% 1groups Allpts: 15 MNR  78.00%
RO 30 MNR  92.15% TCRCC 15 MNR  78.00%
A CRO 24 MNR  90.00% B
s S
0.8 - I—n
i 3
% 0.6 o881 % 0.6 p=0667
g 0.4 § 0.4 -
3 45 conv PRCC 3 conv chRCC
: cyst PRCC 0.2 1 cyst chRCC
0.0 T T T J 0.0 T T
0 20 40 60 80 100 0 20 40 60 80 100 120
Months Months
Read survival rate at: Results: | Read survival rate at:
There are total of Total number Med. Sur. Surv. rate There aré total of Total number Med. Sur. Surv. rate
2/groucs Allpts: 37 MNR 78.45% 2groups Allpts: 30 MNR  88.64%
C conv PRCC 27 MNR 77.16% conv chRCC 20 MNR 88.89%
cyst PRCC 10 MNR  85.71% cyst chRCC 10 MNR  88.89%

Figure 14. Kaplan Mayer survival plots of the investigated cohorts of renal tumors. (A)
Cystic RO vs. conventional RO. The overall survival rates at 60 months were similar, and
the difference was not significant (p=0.98). (B) Overall survival for TCRCC at 60 months
(*including 4 cases that were subsequently molecularly reclassified as non-TCRCC)
reveals an excellent prognosis of this tumor TRCC. (C) The overall survival rate of cystic
PRCC is more favorable than conventional PRCC; however, the difference was not
statistically significant (p=0.881). (D) The overall survival rate of cystic ChRCC shows a
more favorable outcome for these patients at 60 months, compared to conventional
ChRCC. Nevertheless, the difference was not statistically significant (p=0.667). The

small number of cases due to the rarity of these tumors affected the statistical power and
results.

56



6 DISCUSSION

Renal neoplasms are histologically heterogeneous and often present with mixed
morphology, creating difficulties in the diagnostics and classification of these tumors.
The same tumor type morphology may range from solid to cystic, clear cells to
eosinophilic cells, low grade to high grade, with significant overlapping and mixed
morphologies. In line with the morphology, the genetics of these tumors is also
heterogeneous. Recently, tremendous efforts have been made in dissecting the molecular
biology of the three major types of renal cell carcinoma, namely the clear cell RCC,

PRCC, ChRCC (32, 33, 69).

Besides the TCRCC, a rare tumor of which less than 100 cases were reported so
far, our study included small cohorts of the rare cystic or tubulocystic forms of common
renal tumors collected in-house and through consultations from multiple institutions
worldwide. Cystic forms of renal tumors have been rising interest over the past years as
they appear to have better disease-free and overall survival than their grossly solid forms
(70, 71). However, the cause and the mechanism of tubulocystic tumor growth are still
unclear and whether the morphology affects the tumor behavior. In addition, do the cystic
tumors differ in biomarker characteristics compared to their conventional forms, and
whether the expression of common biomarkers affects the tumor aggressiveness in cystic

forms.

Our investigations revealed that TCRCC has a distinct morphology,
immunophenotype, and molecular-genetic features that confirm this tumor is a separate
entity. Further, TCRCC is often associated with PRCC-like areas or high-grade RCC-like

areas. Those cases should be carefully evaluated and the diagnosis of TCRCC excluded
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if the associated areas are of high-grade solid morphology, show unusual
immunophenotype or molecular genetic characteristics for TCRCC. Pure TCRCC bears

an excellent prognosis when more aggressive mimickers are excluded.

A cystic form of RO represents a significant diagnostic challenge, especially on
a small biopsy. This benign entity may closely represent malignant TCRCC, and those
two should be correctly distinguished. Except for the architectural pattern, cystic RO is
not significantly different from its solid form regarding immunohistochemistry and
molecular genetic features. The outcome of this benign entity remains excellent. Cystic
ChRCC is a rare and unusual morphological variant. Similar to its solid form, the cystic
variant shows characteristic multiple chromosomal losses, in contrast to other renal
tumors, which often show gains. Except for the cystic architecture, these tumors have a
similar profile and molecular features as their solid forms, but the outcome seems to be
better, although not statistically significant in this study. The same applies to the cystic

form of the PRCC. The main findings of this study will be further discussed below.

RO is a benign renal neoplasm, and despite occasional vascular or fat tissue
extension, hemorrhage, oncoblasts, microscopic necrosis, pleomorphic nuclei, or a few
mitoses, no local recurrence, distant metastasis, or death due to tumor is reported in recent
studies with a follow-up of at least five years (72). RO may mimic malignant renal tumors
when solid and nested growth patterns are seen (49% to 89% cases), which are also
featured in other oncocytic/eosinophilic renal tumors, such as a granular variant of clear
cell RCC, ChRCC, hybrid oncocytic/chromophobe tumors, and an oncocytic variant of
PRCC. Less commonly, RO presents with tubulocystic architecture (3% to 7%), a
morphology that may mimic TCRCC. This study compared the morphology and

immunohistochemistry of 24 cROs and 15 TCRCCs to establish the most useful features
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that distinguish between these two entities. The presence of at least focal solid nests or
islands of tumor cells, which were observed in all cases of cRO in this study, were much
less common and quite limited in TCRCC and may also help differentiate between these
tumors. The type of intervening stroma can be another helpful morphologic feature
because loose stroma was regularly seen in cRO, whereas TCRCC usually contained
fibrotic and more compact stromal components. In addition, no mitotic figures were found
in any of the CROs, and the majority of them demonstrated lower nucleolar grades (1 or
2). In contrast, TCRCC showed focal mitotic figures in about a quarter of the cases, and
nucleolar grade 3 was present in 60% of TCRCC. Microscopic necrosis was not seen in
any cRO, but was found in about a third of TCRCC. The development of radiologically
guided percutaneous needle biopsies, which provide small amounts of tissue or cellular
material for assessing renal masses, has introduced novel diagnostic challenges for the
pathologist. In such circumstances, many morphologic features may not be available for
evaluation in the limited tissue, and the supplementary immunohistochemistry may help
establish the diagnosis. In this study, none of the evaluated antibodies showed exclusive
specificity for either CRO or TCRCC; although CD117 was highly discriminative, as all
CROs were diffusely positive, whereas only 1 case of TCRCC showed weak cytoplasmic
staining. We found TCRCC to be more frequently positive for vimentin, CD10, AMACR,
and CK7 and had a higher proliferative index by Ki-67 (> 15%). Vimentin was very
useful, as it was either negative or scattered cell positive in cRO, in contrast to TCRCC,
in which it was strongly and diffusely expressed (42). Our study results are in concordance
with the data mentioned above (half of the cRO showed scattered positivity, and more
than 80% of TCRCC showed diffuse strong positivity). CD10 and AMACR were often

negative in cRO, whereas diffuse or focal positivity was observed in TCRCC. cRO also
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consistently expressed CK7 in isolated cells or scattered pattern, much less than observed
in TCRCC. Proliferation activity in CRO was also lower (< 5% cells), whereas TCRCC
demonstrated higher expression (> 15% cells). CAIX, AE1/AE3, CAM5.2, OSCAR,
MIA, EMA were of limited diagnostic value. Performing additional studies for
differentiation of these tumors, including genetic and molecular, may rarely be necessary,
but it may be helpful in most difficult cases. Cytogenetic changes found most frequently
in RO include losses of chromosome 1 or Y and balanced translocation of the 11q13
breakpoint region (72). The most frequent cytogenetic change in TCRCC includes the
gain of chromosome 7, although occasionally gains of both chromosomes 7 and 17 may
occur (73, 74). To conclude, cRO and TCRCC may be challenging to distinguish.
However, careful morphologic assessment for the presence of solid tumor growth or
islands, the type of tumor stroma, nucleolar grade, mitotic activity, and necrosis, and
aided by a limited immunopanel that includes vimentin, CD10, CD117, AMACR, CKZ7,

and Ki-67, will lead to establishing a correct diagnosis.

TC-RCC is a rare tumor with ultrastructural and immunohistochemical results
showing mixed features of proximal and distal tubules (73, 75). Gains of chromosomes 7
or 17 are characteristic of TC-RCC (76, 77). About 100 cases of TC-RCC are published
previously, with a few studies suggesting a relationship between TC-RCC and PRCC
(45). Nevertheless, no discriminating immunohistochemical markers exist, and the
immunoprofiles of TCRCC and PRCC are similar. AMACR is usually diffusely and
strongly positive in both TCRCC and PRCC. Other markers, including PAX-2, CD10,
34bE12, cytokeratin 19, and cytokeratin 7, were evaluated in the previous studies and
showed limited usefulness in establishing a correct diagnosis in complicated cases (74,

77). Our cohort consisted of 15 cases with a tubulocystic pattern, including 7 with foci of
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PRCC-like features and 1 with PRCC/RAT-like features. Another two cases had small
areas of high-grade RCC NOS. We analyzed separately distinct histologic components.
FISH analysis of chromosomes 7, 17, and Y was variable. The majority of cases showed
disomy of chromosome 7, whereas half of the cases showed polysomy or gain of
chromosome 17, and in one case, there was a loss of the Y chromosome in the TCRCC
area. Three of 7 possible cases with PRCC components were suitable for molecular
analysis and revealed different profiles than TCRCC component. All three cases showed
polysomies of chromosome 17, and one showed polysomy of chromosome 7. In one case,
polysomy of chromosome X (XXY) was found. The case, which has later proven to be
HLRCC, showed polysomy of 7, 17, and Y in TCRCC-like areas and disomy of 7 and
polysomy of 17 with disomy of Y in PRCC-like areas. In a recent study, a unique
molecular signature of TCRCC was reported using comparative genomic microarray
analysis (74). TCRCC showed gains of chromosome 17 but not chromosome 7, whereas
most PRCCs show gains in both chromosomes 7 and 17. A recent study by Zhou et al.
included 12 cases of TCRCC, of which 10/12 had a chromosome 7 gain, 8/12 had a
chromosome 17 gain, and 8/9 cases had a loss of Y. The authors concluded that these
tumors are closely related entities (45). However, the pattern of chromosomal
abnormalities present in our cases showed the heterogenic nature of TCRCC even within

a single tumorous lesion.

Moreover, gains of chromosomes 7 and 17 were found only in one case with
areas morphologically resembling PRCC. Our FISH analysis raised the question of
whether PRCC-like areas are part of morphologic heterogeneity or represent
differentiation toward PRCC. Unfortunately, the number of analyzable cases in our study

was limited, and we could not elucidate this phenomenon further. We further analyzed
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three cases with an aggressive form of TCRCC in patients under 45 years of age for
possible FH gene mutation. One of the cases with a predominantly tubulocystic pattern
(95%) and only a small area of papillary architecture (5%), was positive for FH gene
mutation. Genetic heterogeneity and unfavorable outcomes in 3 of 9 patients with
heterogenous tumor raise questions about diagnosing TC-RCC in cases with
heterogeneous histologic patterns. Our analysis revealed that TCRCC has variable
chromosome 7 and 17 status. Recently, a possible relationship between TCRCC and
collecting duct carcinoma (CDC) has been revisited (78, 79); however, a distinct
immunohistochemical profile was reported in a different study with TCRCC
overexpressing vimentin, p53, and AMACR compared to CDC (80). Our data strongly
suggest that TCRCC with a heterogeneous component should not be diagnosed as such
and may have an adverse outcome. For cases with heterogeneous components,
unclassified RCC may be a better diagnostic category. Hereditary leiomyomatosis-related
RCC can be morphologically indistinguishable from “high-grade” TC-RCC; therefore, in

TCRCC cases with high-grade features, the status of the FH gene should be tested.

Type 1 PRCC is currently considered a distinct entity with defined histologic
and immunohistochemical features and typical molecular-genetic profile. Our small
cohort consisted of a homogenous subset of type 1 PRCC with large unilocular cystic
necrotic tumors encapsulated by thick fibrous tissue, morphologically,
immunohistochemically, and genetically consistent with PRCC type 1. Tumor necrosis
represents an interesting parameter in the assessment of prognosis, owing to its easy and
reproducible identification in the routine histopathologic examination. However,
conflicting results have been published to date, as there are no uniformly established

criteria (81, 82). Although tumor necrosis is often reported as an adverse prognostic
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factor, its significance is only well established in clear cell RCC (83, 84). A recently
proposed grading system for clear cell RCC considers only coagulative-type necrosis as
a significant prognostic marker. No such criteria have been established for PRCC. In
coagulative type necrosis architecture with neoplastic cells showing no nuclei and with
minor structural damage is preserved, giving the appearance of so-called “ghost cells.”
On the contrary, in liquefactive necrosis, dead cells are digested, resulting in the
transformation of the tissue into a liquid, viscous mass. In our cohort, the necrosis was of
a liquefactive type, as large parts of the tumors were altered into a liquid thick, largely
hemorrhagic mass. None of the tumors demonstrated aggressive behavior in our series of

10, mostly necrotic PRCC type 1.

ChRCC represents approximately 5% of all renal cell carcinomas. Two
morphological variants are traditionally recognized: the classical and the eosinophilic
variant (85). In addition, several variants have been described. We carefully selected a
cohort of ChRCC with large cystic spaces, slightly irregular in shape and size, and three
cases of similar tumors but with compressed cystic and tubular spaces, resulting in a
growth pattern with slit-like spaces. The raisinoid nuclei with perinuclear clearing (halo)
were present in all the cases. Our cases were positive for PAX8, MIA, CD117, CK 7,
EMA, and OSCAR with low Ki67 proliferation index in all cases, showing a similar
immunophenotype to that of conventional ChRCC (86). Five of our cases were suitable
for aCGH analysis, revealing multiple losses of chromosomes 1p, 2q, 6, 13, 17, 21, and
X in two cases, while the remaining three cases showed no numerical chromosomal
aberrations. Nevertheless, cases of ChRCC with normal chromosomal status have been

reported previously (87).
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The following renal cell lesions should be considered in the differential diagnosis
of cChRCC the following diagnoses should be considered: cystic/multicystic variant of
renal oncocytoma, multilocular cystic clear cell carcinoma/neoplasm of low malignant
potential (MCCCC), granular/eosinophilic high-grade variant of clear cell RCC, TCRCC,
and mixed epithelial stromal tumor (MEST)/cystic nephroma (CN). The Kaplan Mayer
curve showed a somewhat better outcome for the patients in the cChRCC group;
nevertheless, the differences were not statistically significant. A low number of cases may
be one reason for the low statistical power of the test, and the results should be validated

in a more extensive series.

6.1  Limitations of the study

Our study investigates rare morphologic variants of several types of
conventional renal lesions, as well as one recently recognized entity with a similar
architectural pattern. Although the number of cases in our cohorts is small, important
morphological, immunohistochemical and molecular genetic results were retrieved.
However, a small number of cases may be a limiting factor, and caution is required to
interpret and generalize the results. Future studies on larger cohorts will eventually

validate the results.
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7 CONCLUSIONS

We characterized morphological features, immunoprofile, and molecular genetic
features of the newly established kidney tumor, the TCRCC. In addition, we characterized
highly unusual tubulocystic/cystic forms of the RO, ChRCC, PRCC and compared them

with their conventional counterparts.

1. TCRCC is a distinct kidney tumor with defined morphology, but currently,
none of the immunohistochemical and molecular biomarkers are strictly
specific for this tumor. A combination of morphological and
immunohistochemical features should be informative in most cases.

2. The presence of associated high-grade tumor areas in TCRCC necessitates
careful evaluation and exclusion of more aggressive tumor types, often
requiring molecular-genetic analysis. However, with the exclusion of the
non-pure TCRCC cases, this entity has an excellent prognosis, based on the
data on a limited number of cases.

3. Cystic wvariants of RO, ChRCC, and PRCC have similar
immunohistochemical properties and molecular features compared to their
conventional variants.

4. Cystic and tubulocystic morphology indicates better outcomes compared to
conventional solid variants. However, the differences between the variants
were not statistically significant and require validation on larger cohorts.

5. AMACR, CK7, CAIX, CD117, Vimentin, CD10, and Ki67

immunohistochemistry, combined with morphological features, may be
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sufficient to differentiate most of the cases of cystic and conventional
variants of RO, TCRCC, PRCC, and ChRCC.

Molecular genetic alterations in renal tumors are heterogeneous, ranging
from none detectable to multiple chromosomal gains or losses. Nevertheless,
the genetic pattern of PRCC type 1 and ChRCC is more distinguishable and
may help diagnostic decisions in complex cases. In addition, defined

molecular genetic properties may provide therapeutic guidance.
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8 SUMMARY

Renal tumors are a heterogeneous group of neoplasms recently subjected to
intensive research, resulting in several new entities and reclassification. Therefore, we
aimed to characterize the morphological features, immunoprofile, and molecular genetic
profile of a new entity, namely the tubulocystic renal cell carcinoma. Additionally, we
aimed to characterize tubulocystic/cystic variants of selected common renal tumor
subtypes and determine the most useful properties for the differentiation of these tumors
in diagnostic practice. Finally, we aimed to evaluate the effect of tubulocystic histological

pattern on the patients' survival.

We selected 24 renal oncocytomas (RO), 10 papillary renal cell carcinomas
(PRCC), 10 chromophobe renal carcinomas (ChRCC), and 15 tubulocystic renal cell
carcinomas (TCRCC) with a predominantly (more than 50%) cystic architecture and
compared them with a control cohort of their conventional counterparts. We used light
microscopy, immunohistochemistry, array comparative genomic hybridization, PCR, and
Sanger sequencing to evaluate the tumors for morphology, immunophenotype,

chromosomal aberrations, and mutational analyses.

Tubulocystic renal cell carcinoma showed distinctive pathological and
molecular characteristics and is a separate tumor entity. Nevertheless, 5/11 TCRCC cases
were associated with PRCC-like, high grade or CCPRCC/RAT-like areas, and cases with
high grade or RAT-like morphology showed less favorable outcomes.
Immunohistochemically, TCRCC showed diffuse staining for CAM5.2, MIA, OSCAR,;
vimentin and AMACR mainly were positive; EMA and CA-IX showed variable

positivity; CD117 was negative in 93.3% of cases, and average Ki-67 proliferative index
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was 17.93. Gain of chromosomes 7, 17 and Y was present but not consistently found
across the cases. Cystic variants of RO, PRCC, ChRCC show similar immunophenotype
and molecular genetic characteristics compared to their conventional counterparts. The
most valuable antibodies in diagnosing cystic renal tumors are AMACR, CK7, CAIX,
CD117, Vimentin, CD10, and Ki67 in combination with tumor morphology. Overall
survival plots of Cystic RO vs. conventional RO at 60 months were similar, and the
difference was not significant (p=0.98). Overall survival for TCRCC at 60 months reveals
an excellent prognosis of this tumor TRCC. The overall survival rate of cystic PRCC is
more favorable than conventional PRCC; however, the difference was not statistically
significant (p=0.881). The overall survival rate of cystic ChRCC shows a more favorable
outcome for these patients compared to conventional ChRCC, but the difference was not
statistically significant (p=0.667). Molecular genetic alterations in renal tumors are

heterogeneous, ranging from none detected to multiple chromosomal gains or losses.

KEYWORDS: tubulocystic renal cell carcinoma, renal oncocytoma, papillary renal cell
carcinoma, chromophobe renal cell carcinoma, immunophenotype, chromosomal

aberrations, outcome, cystic variants
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9 SAZETAK

Klini¢ko-patoloska i molekularna karakterizacija

tubulocisti¢nih varijanti tumora bubrega

Faruk Skenderi, Zagreb 2021

Bubrezni tumori heterogena su skupina novotvorina koje su odnedavno
intenzivno istrazivane, §to je rezultiralo s nekoliko novih entiteta i promjenom
klasifikacije. Stoga, na$ cilj je bio karakterizirati morfoloske znacajke, imunoprofil i
molekularno-genetski profil novog entiteta, tubulocisti¢énog karcinoma bubreznih stanica.
Pored toga, htjeli smo karakterizirati tubulocisti¢ne/cisticne varijante odabranih
uobicajenih podtipova tumora bubrega i odrediti najkorisnija svojstva za diferencijaciju
ovih tumora u dijagnostickoj praksi. Kona¢no, imali smo za cilj procijeniti u¢inak

tubulocisti¢nog histoloSkog obrasca na prezivljavanje pacijenata.

Odabrali smo 24 bubrezna onkocitoma (RO), 10 papilarnih karcinoma bubreznih
stanica (PRCC), 10 kromofobnih karcinoma bubrega (ChRCC) i 15 tubulocisti¢nih
karcinoma bubreznih stanica (TCRCC) s pretezno (vise od 50%) cisticnom arhitekturom
i usporedili ih s kontrolnim kohortama njihovih konvencionalnih varijanti. Koristili smo
svjetlosnu mikroskopiju, imunohistokemiju, usporednu genomsku hibridizaciju, PCR i
Sanger sekvenciranje za analizu morfologije, imunofenotipa, kromosomskih aberacija i

mutacijskih analiza.

Tubulocisti¢ni karcinom bubrega pokazao je prepoznatljive patoloske i
molekularne karakteristike i zaseban je tumorski entitet. Ipak, 5/11 slucajeva TCRCC

sadrzavalo je podrucja nalik PRCC-u, visokog stupnja ili CCPRCC-u /RAT-u, a slu¢ajevi
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s morfologijom visokog stupnja ili RAT-u pokazali su losiji ishod. Imunohistokemijski,
TCRCC je pokazao difuzno bojenje na CAMS5.2, MIA, OSCAR; vimentin i AMACR bili
su uglavnom pozitivni; EMA i CA-1X pokazali su promjenjivu pozitivnost; CD117 je bio
negativan u 93,3% slucajeva, a prosjecni indeks proliferacije Ki-67 bio je 17,93. Visak
kromosoma 7, 17 1Y je bio prisutan, ali nije dosljedno naden u svim slu¢ajevima. Cisti¢ne
ina¢ice RO, PRCC, ChRCC pokazuju sli¢ne imunofenotipske i molekularno-genetske
znacajke u usporedbi s njihovim konvencionalnim varijantama. Najkorisnija protutijela u
dijagnosticiranju cisticnih bubreznih tumora su AMACR, CK7, CAIX, CDI117,
Vimentin, CD10 i Ki67 u kombinaciji s morfologijom tumora. Krivulje ukupnog
prezivljenja kod cisti¢cnog RO u odnosu na konvencionalni RO nakon 60 mjeseci su bile
sli¢ne i razlika nije bila znacajna (p = 0,98). Krivulje ukupnog prezivljenja kod TCRCC-
a nakon 60 mjeseci pokazuju izvrsnu prognozu kod ovog tumora. Ukupna stopa
prezivljenja kod cisti¢nog PRCC bolja je u odnosu na konvencionalni PRCC; medutim,
razlika nije bila statisticki znacajna (p=0,881). Ukupna stopa prezivljenja kod cisti¢nog
ChRCC-a pokazuje povoljniji ishod za ove bolesnike u usporedbi s konvencionalnim
ChRCC-om, ali razlika nije bila statisti¢ki znacajna (p=0,667). Molekularno genetske
promjene u bubreznim tumorima su heterogene, u rasponu od nijedne otkrivene do

viSestrukih kromosomskih dobitaka ili gubitaka.

KLJUCNE RIJECI: tubulocistiéni karcinom bubrega, bubrezni onkocitom, papilarni
karcinom bubrega, kromofobni karcinom bubrega, imunofenotip, kromosomske

aberacije, ishod, cisti¢ne varijante
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