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1.1 Basic Anatomy
and Histology

The kidneys are paired retroperitoneal organs
that normally extend from 12th thoracic verte-
bra to the 3rd lumbar vertebra. The average
adult kidney is 11-12 cm long. It weighs 125—
170 g in men and 115-155 g in women.

The three defined regions, upper polo, middle
zone and lower pole usually reflect regions
drained by three lobar veins.

The normal adult kidney has a minimum of
10-14 lobes, each composed of medullary
pyramid surrounded by a cap of cortex.

The renal parenchyma consists of the cortex
and the medulla. The cortex is the nephron-
containing parenchyma. The renal medulla is
divided into outer medulla and the inner
medulla or papilla. The papilla protrudes into
a minor calyx. Its tip has 20-70 openings of
the papillary collecting ducts (Bellini ducts).
The cortex contains glomeruli, proximal and
distal convoluted tubules, connecting tubules,
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1.11.3 GermCell Tumors . ................. 54
1.11.4  Other Rare Epithelial Tumors
and Renal Cell Carcinoma
inChildren........................ 55
1.11.5  Tumor-Like Conditions . ............. 55
1.12 Secondary Tumors . ................ 56
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and the initial portion of the collecting ducts,
as well as interlobular vessels, arterioles, cap-
illaries, and lymphatics. The interstitial space
is scant; it contains the peritubular capillary
plexus and inconspicuous numbers of intersti-
tial fibroblasts and reticulum cells.

1.2 Overview

The current classification of renal cell tumors
was proposed in 2004 by the World Health
Organization (WHO) and has been recently
updated by the International Society of
Urological Pathologists (Table 1.1). It
describes categories and entities based on
pathological and genetic analyses. A number
of emerging or provisional categories are also
incorporated (Table 1.2)

* Rare new entities and morphologic variants of

common categories have recently been
described and represent important diagnostic
challenges in daily practice.



1.2 Overview 3

Table 1.1 International Society of Urological Table 1.1 (continued)

Pathologists (ISUP) Vancouver modification of WHO H .

(2004) Histologic Classification of Renal Tumors emanglor.na
Lymphangioma

Renal cell tumors
Papillary adenoma
Oncocytoma
Clear cell renal cell carcinoma

Multilocular cystic clear cell renal cell neoplasm
of low malignant potential

Papillary renal cell carcinoma
Chromophobe renal cell carcinoma
Hybrid oncocytic chromophobe tumor
Carcinoma of the collecting ducts of Bellini
Renal medullary carcinoma
MiT family translocation renal cell carcinoma
Xpl1 translocation renal cell carcinoma
t(6;11) renal cell carcinoma
Carcinoma associated with neuroblastoma
Mucinous tubular and spindle cell carcinoma
Tubulocystic renal cell carcinoma

Acquired cystic disease associated renal cell
carcinoma

Clear cell (tubulo) papillary renal cell carcinoma

Hereditary leiomyomatosis renal cell carcinoma
syndrome-associated renal cell carcinoma

Renal cell carcinoma, unclassified
Metanephric tumors

Metanephric adenoma

Metanephric adenofibroma

Metanephric stromal tumor
Nephroblastic tumors

Nephrogenic rests

Nephroblastoma

Cystic partially differentiated nephroblastoma

Mesenchymal tumors occurring mainly in children

Clear cell sarcoma

Rhabdoid tumor

Congenital mesoblastic nephroma

Ossifying renal tumor of infants
Mesenchymal tumors occurring mainly in adults

Leiomyosarcoma (including renal vein)

Angiosarcoma

Rhabdomyosarcoma

Malignant fibrous histiocytoma

Hemangiopericytoma

Osteosarcoma

Synovial sarcoma

Angiomyolipoma

Epithelioid angiomyolipoma
Leiomyoma

Juxtaglomerular cell tumor
Renomedullary interstitial cell tumor
Schwannoma
Solitary fibrous tumor
Mixed mesenchymal and epithelial tumors
Cystic nephroma/mixed epithelial stromal tumor
Neuroendocrine tumors
Carcinoid (low-grade neuroendocrine tumor)

Neuroendocrine carcinoma (high-grade
neuroendocrine tumor)

Primitive neuroectodermal tumor
Neuroblastoma
Pheochromocytoma
Hematopoietic and lymphoid tumors
Lymphoma
Leukemia
Plasmacytoma
Germ cell tumors
Teratoma
Choriocarcinoma
Metastatic tumors
Other tumors

Table 1.2 Proposed New Renal Epithelial Tumors and
emerging Tumor Entities
New epithelial tumors

Tubulocystic renal cell carcinoma

Acquired cystic disease associated renal cell
carcinoma

Clear cell (tubulo) papillary renal cell carcinoma

MiT family translocation renal cell carcinoma
including t(6;11) renal cell carcinoma

Hereditary leiomyomatosis renal cell carcinoma
syndrome associated renal cell carcinoma

Emerging tumor entities
Thyroid-like follicular renal cell carcinoma

Succinic dehydrogenase B deficiency associated
renal cell carcinoma

ALK-translocation renal cell carcinoma

Other
Renal cell carcinoma with smooth muscle stroma
Tuberous Sclerosis-associated Renal Cell Carcinoma
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1.3 Familial Renal Cancer

1.3.1

Hereditary renal cancers show a tendency to
be multiple and bilateral, may have a family
history, and present at an earlier age. Known
inherited syndromes that predispose to renal
tumors are listed in Table 1.3.

Von Hippel-Lindau (VHL) Clear
Cell Renal Cell Carcinoma (RCC)

Like its sporadic counterpart, VHL clear cell
RCC harbors defective VHL tumor suppressor
genes. Genetic alteration in the VHL gene in
the tumor can include deletion, nonsense or
frame-shift mutations, mis-sense mutations or
methylation.

1.3.2 Hereditary Papillary RCC

Hereditary papillary RCC are typically bilat-
eral, multifocal type 1 papillary RCC. Genetic
alterations involve a proto-oncogene, c-MET,
located at 7q31.1. Similar to what is found
in sporadic papillary renal cell carcinoma,
trisomy 7 and 17 are identified.

Table 1.3 Familial renal tumors

Syndrome Gene
Von Hippel-Lindau (VHL) VHL (3p25)
Tuberous Sclerosis TSCI1, TSC2

Familial renal carcinoma
Constitutional chromosome

3 translocation

Hereditary PRCC
Birt-Hogg-Dube (BHD)
Familial oncocytoma

c-MET
BHD

Hereditary leiomyomatosis RCC FH

*VHL gene mutated in some families

Gene not identified
Responsible gene not found?

Loss of multiple chromosomes

1.3.3 Hereditary

Leiomyomatosis RCC

Hereditary leiomyomatosis associated-RCC
patients develop cutaneous and uterine leio-
myomas and one third of patients develop
RCC. It was considered as a variant of type 2
papillary RCC. The pathologic findings in
this disease are caused by germline muta-
tions in the fumarate hydratase gene located
at 1g42.

Architectural patterns are papillary, tubulo-
papillary, tubular, solid or mixed. The
morphologic hallmark of the hereditary leio-
myomatosis-RCC, is the presence of large
nucleus with a very prominent eosinophilic
nucleolus, surrounded by a clear halo. These
tumors are associated with poor prognosis.

It is now recognized a unique morphotype
of RCC. The renal tumors have a papillary,
alveolar, solid or tubular architecture with
the characteristic features being a large
nucleus and a prominent nucleolus, with a
clear peripheral halo These tumors behave
aggressively and have a poor prognosis
when compared to other hereditary forms
of RCC, or clear cell and papillary RCC
(Fig. 1.1).

Tumor

Clear cell

Angiomyolipoma, clear cell, other
Clear cell

Clear cell

Papillary type 1
Chromophobe®
Oncocytoma

Papillary type 2

®Renal oncocytomas, hybrid oncocytic and clear cell carcinomas may occur
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Fig. 1.1 Hereditary
leiomyomatosis associated
renal cell carcinoma

HLRCC leiomyomas frequently have
increased cellularity, multinucleated cells, and
atypia. All cases show tumor nuclei with large
orangeophilic nucleoli surrounded by a peri-
nucleolar halo similar to the changes found
in HLRCC. Occasional mitoses may be seen;
however, the tumors did not fulfill the criteria
for malignancy.

1.3.4 Birt-Hogg-Dube Syndrome

Birt-Hogg-Dubé is an autosomal dominant
cancer syndrome characterized by benign skin
and renal tumors, and spontaneous pneumo-
thorax. The disease related gene has been
mapped to chromosome 17p11.2.

Birt-Hogg-Dub¢€ is characterized by a spec-
trum of mutations, and clinical heterogeneity

Fig. 1.2 Gross features in RCC associated with Birt-
Hogg-Dubé syndrome

among and within families. Renal epithelial
tumors with hybrid features are seen in this
syndrome (Figs. 1.2 and 1.3).
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Fig. 1.3 Hybrid RCC with
oncocytic and clear cells
associated with Birt-Hogg-
Dubé syndrome

1.4 Renal Cell Carcinoma
1.4.1 Clear Cell RCC

* Most clear cell RCC are variably sized soli-
tary cortical neoplasms, rarely bilateral
(<5 %) or multicentric (4 %), typically
golden yellow. Necrosis, cystic degeneration,
hemorrhage, calcification, ossification, and
extension into the renal vein may occur.
Clear cell tumors of any size are considered
malignant.

e Microvascular invasion and microscopic
tumor coagulative necrosis may be relevant
predictors in low stage RCC (Table 1.4). Clear
cell RCC has a worse prognosis when com-
pared with chromophobe or papillary sub-
types, and may progress into a sarcomatoid
carcinoma which is an ominous prognostic
sign (Figs. 1.4 and 1.5).

e The international Society of Urological
Pathologists (ISUP) suggested that clear cell
RCC grading should be based upon nucleolar
features and not Fuhrman grading (Table 1.5).
Sporadic clear cell RCC displays frequent
chromosome 3p losses.

¢ Clearcell RCC mayhaveacidophiliccytoplasm,
hemangioblastoma-like, angioleiomyoma-like

stroma or pseudo-papillary architecture but
retains the characteristic 3p loss.

1.4.2 Multilocular Cystic Clear Cell

Renal Cell Neoplasm of Low
Malignant Potential

The ISUP modification of the current 2004
WHO classification of kidney tumors rec-
ognizes multilocular cystic clear cell renal
cell neoplasm of low malignant potential
(MCNLMP) as a variant of clear cell RCC
with a good prognosis.

This is a tumor entirely composed of cysts of
variable size separated from the kidney by a
fibrous capsule. The cyst are lined by a single
layer of clear to pale cells but occasionally
shows a few small papillae. The septa are com-
posed of fibrous tissue that may have epithelial
cells with clear cytoplasm that resemble those
lining the cysts (Figs. 1.6, 1.7 and 1.8).

Cases with expansive nodules are excluded.
VHL gene mutations in MCNLMP supports
its classification as a type of clear cell
RCC.

No progression of MCNLMP has been
reported.
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Table 1.4 TNM classification of renal cell carcinoma (2010)

PrimaryTumor (T)
TX

TO

T1

Tla

Tlb

T2

T2a

T2b

T3

T3a

T3b
T3c

T4

Regional lymph
nodes (N)

NX

NO

N1

Distant metastasis
(M)

MO

M1

Fig. 1.4 Gross features of

clear cell renal cell
carcinoma

Primary tumor cannot be assessed

No evidence of primary tumor

Tumor <7 cm in greatest dimension, limited to the kidney

Tumor <4 cm in greatest dimension, limited to the kidney

Tumor >4 cm but <7 cm in greatest dimension, limited to the kidney
Tumor >7 cm in greatest dimension, limited to the kidney

Tumor >7 cm but <10 cm in greatest dimension, limited to the kidney
Tumor >10 cm, limited to the kidney

Tumor extends into major veins or perinephric tissues but not into the ipsilateral adrenal gland
and not beyond the Gerota fascia

Tumor grossly extends into the renal vein or its segmental (muscle-containing) branches, or
tumor invades perirenal and/or renal sinus fat but not beyond the Gerota fascia

Tumor grossly extends into the vena cava below the diaphragm

Tumor grossly extends into the vena cava above the diaphragm or invades the wall of the vena
cava

Tumor invades beyond the Gerota fascia (including contiguous extension into the ipsilateral
adrenal gland)

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in regional lymph node(s)

No distant metastasis
Distant metastasis
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Fig. 1.5 Microscopic
features of clear cell renal
cell carcinoma

Table 1.5 International Society of Urological Pathology Nucleolar Grading System

Grade Tumor description

1

2
3
4

Inconspicuous or absent nucleoli at 400x magnification
Nucleoli distinctly visible at 400x but inconspicuous or invisible at 100x magnification
Nucleoli distinctly visible at 100x magnification

Rhabdoid or sarcomatoid differentiation, or containing tumor giant cells or showing extreme nuclear
pleomorphism with clumping of chromatin

Fig. 1.6 Multilocular cystic renal cell neoplasia of low
malignant potential (gross features)

»
>
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Fig. 1.7 Multilocular cystic
renal cell neoplasia of low
malignant potential
(histologic features)

Fig. 1.8 Multilocular cystic
renal cell neoplasia of low
malignant potential.
Expression of CAIX in the
neoplastic cells

1.4.3 Papillary RCC cytoplasm arranged in a single layer in typel,
and tumor cells of higher nuclear grade, eosin-

» Papillary RCC has a less aggressive clinical ophilic cytoplasm and pseudostratified nuclei

course than clear cell RCC. Papillary RCC
has variable proportions of papillae and may
be bilateral or multifocal with hemorrhage,
necrosis or cystic degeneration. The papillae
contain a fibrovascular core with aggregates of
foamy macrophages, calcified concretions and
frequent hemosiderin granules.

Cellular type 1 and type 2 tumors have
papillae covered by small cells with scanty

in type 2. Type 1 tumors have longer survival
(Figs. 1.9, 1.10 and 1.11).

Trisomy or tetrasomy 7, trisomy 17 and loss
of chromosome Y are the cytogenetic signa-
ture. Stage, tumor proliferation and sarcoma-
toid change being correlated with outcome. It
has been suggested that papillary RCC grad-
ing should be based upon nucleolar features
and not Fuhrman grading.
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e Age and sex distribution of papillary RCC is
similar to clear cell RCC. Recent molecular
genetic studies provide evidences for the inde-
pendent origin of multifocal papillary tumors
in patients with papillary RCC. An oncoytic
variant of papillary RCC has been reported.
One patient died of metastases on follow-up
(Figs. 1.12 and 1.13).

Fig. 1.10 Microscopic
features of papillary
carcinoma type 1

Fig. 1.11 Microscopic
features of papillary
carcinoma type 2
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Fig. 1.12 Microscopic
features of the oncocytic type
of papillary carcinoma

Fig. 1.13 Papillary
carcinoma with focal clear
cell change

1.4.4 Chromophobe RCC

* Less aggressive than other RCC, the chromo-
phobe type is characterised by huge pale cells
with reticulated cytoplasm and prominent cell
membrane. It accounts for 5 % of renal epithe-
lial tumors.

Chromophobe RCC is solid and appears
orange turning grey or sandy after fixation.
The eosinophilic variant needs to be differen-
tiated from oncocytoma. Sarcomatoid trans-
formation is associated to aggressive disease.
Diffuse cytoplasmic Hale’s iron colloid stain
is characteristic (Figs. 1.14, 1.15 and 1.16).
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The relationship between oncocytoma and
chromophobe RCC is still unclear. Both seems
to derive from the intercalated cell of the col-
lecting duct, both have rearrangement of
mitochondrial DNA, increased mitochondria
in oncocytoma and numerous mitochondria-
derived microvesicles in chromophobe RCC,
and both are frequently observed in oncocyto-
sis with or without Birt-Hogg-Dubé syndrome.
There are reports of hybrid tumor composed
of oncocytic and chromophobe elements.
Therefore, oncocytoma might be the benign

Fig. 1.14 Gross features of chromophobe renal cell
carcinoma

Fig. 1.15 Microscopic

counterpart of chromophobe RCC. Loss of
several chromosomes characterises chromo-
phobe RCC. Recognising occassional occur-
rence of metastases and 10 % mortality is of
clinical relevance.

At diagnosis most patients are in the sixth
decade, stage T1 or T2 (86 %) and similar gen-
der incidence. Fuhrman grading is not appro-
priated to grade chromophome RCC with an
international consensus on that chromophobe
RCC should not be graded at present.

1.4.5 Hybrid Oncocytic

Chromophobe Tumor (HOCT)

Described as tumors having a mixture of cells
with the morphologic features of those seen in
chromophobe RCC and renal oncocytoma
(Figs. 1.17 and 1.18).

HOCTSs occur in three clinical situations: (i)
being sporadic, (ii) in association with renal
oncocytosis/oncocytomatosis, and (iii) in
patients with the Birt-Hogg-Dubé syndrome
(BHD). It seems that tumors from all three
groups share similar morphologic features but
that they have a differing molecular genetic
background.

features of classic-type
chromophobe renal cell
carcinoma
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Fig. 1.16 Microscopic
features of eosinophilic
chromophobe renal cell
carcinoma

Fig.1.17 Gross features of a case of hybrid chromophobe-
oncocytoma tumor

e Sporadic HOCTs are composed of neo-
plastic cells predominantly arranged in a
solid-alveolar pattern, with nuclei showing

mild nuclear pleomorphism and abundant
granular eosinophilic to oncocytic cytoplasm.
Neoplastic cells have a perinuclear halo and
are occasional binucleate. No raisinoid nuclei
of the type seen in classic chromophobe RCC
are present. Usually tumor cells resemble cells
of oncocytoma with perinuclear cytoplasmic
clearing, and, occasional, small tubules may
be present.

HOCTs in oncocytosis/oncocytomatosis are
almost identical to those tumors that occur
sporadically, being composed of sheets of
cells separated by a delicate vasculature. The
cells are round to polygonal with finely granu-
lar cytoplasm, and the nuclei are slightly pleo-
morphic and irregular with visible nucleoli.
No typical raisinoid nuclei are seen, and
mitotic figures are rare.

HOCTsS associated with BHD typically show
three morphologic patterns: (i) an admixture
of areas typical of oncocytoma and chromo-
phobe RCC; (ii) scattered chromophobe cells
in the background of a typical oncocytoma;
and (iii) large eosinophilic cells with intracy-
toplasmic vacuoles. In these tumors, the nuclei
are often more pleomorphic than other forms
of HOCT and occasionally have a “raisinoid”
morphology.
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