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Preface

Since 1890, when in Paris urology became a separate course of study
from general surgery, this speciality has developed into a field of
medicine in which science, technical developments, diagnostic pro-
cedures, and invasive as well as non-invasive therapeutic measures
have reached their highest levels. Urologic admissions and surgical
procedures are among the most frequently performed interventions
in current hospital care. In 1992, a century later, pathologists dealing
with urologic problems founded an international society of this sub-
specialization. Long before, however, outstanding pathologists on both
sides of the Atlantic devoted their lives to the study of urologic disease,
mainly tumors arising in the genitourinary system. Pathologists and
urologists have learned in recent decades to discuss very open-
mindedly the common issues and have achieved in many institutions
an exemplary degree of reciprocal understanding. The cooperation
is not limited to daily diagnostics but rather, extends to common
scientific approaches and work.

The efforts of the uropathologists led to new generally accepted
WHO classifications of urologic tumors, which are indispensable for
therapy planning and for the comparison of the results among 
different institutions. Many of the new morphologic tumor classifi-
cations are already based on knowledge achieved through new
methods, which allow the pathologists to analyze chromosomes and
genes as well as their aberrations and mutations even in the ‘dead’
cells of paraffin-embedded tissue. Alterations of the tumor cell
genome are entering into daily pathologic routines and will in the
near future permit a more individual therapeutic approach. Never-
theless, at present surgery is still the first and most important proce-
dure in the basic therapy of urologic tumors and biopsy the most
important diagnostic approach (1 million prostate biopsies world-
wide!). Even for chemotherapy treatment, morphology is used for
the choice of drugs and for the assessment of their effectiveness.

This book is not intended as a ‘workbench’ book or an atlas for
pathologists – there are numerous outstanding publications dealing
with the pathologic diagnostic of single genitourinary organs. Its
objective is to give urologists and other interested clinicians an

overview of the morphology of the tumors of the genitourinary
system. The international classifications, grading, and staging pro-
cedures which are included, as well as the rules for sampling and
handling of the biopsy and surgical specimens, should permit a
better understanding of the morphologic assessment of the tumor
diseases. The uses of modern morphologic techniques for differential
diagnostic purposes are presented in order to show clinicians what
the current possibilities and limits of a pathologic diagnosis are.

A book written by many authors has both weaknesses and
strengths. We take into account that the single chapters differ in
style, which may disturb some readers. Yet we regard this also as a
strength because the very personal approach of the authors reflects
their longstanding diagnostic and scientific careers, which have
undergone much scrutiny and testing at international congresses
and classification committees, and in scientific papers and books.
Moreover, tumors of the genitourinary system cannot be com-
pared with those of other systems. Gastrointestinal tract tumors,
for example, have a very similar morphology and prognostic
assessment observes the same rules for all single segments. Prostate
and testis tumors do not have anything in common except the
gender of the patients. The bare history of the grading of bladder
cancer, which has changed three times in the last 10 years, would
deserve its own chapter. Kidney tumors are the first example of a
classification based on the karyotype of the tumor. Tumors of the
adrenals are still a diagnostic problem because they are so rare. Last
but not least, the penis carcinoma, which is practically unknown in
Europe and the US, requires an expert who confronts this problem
daily.

On behalf of all the authors, I venture to extend a debt of grati-
tude to all those anonymous colleagues and friends who with their
comments and questions have enlarged and enriched our experience.
I also thank all our partners who over the last few months spent their
evenings alone, even more frequently than usual.

Gregor Mikuz
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Part 1
Epidemiology, etiology, and clinical history

Renal cell carcinoma represents on average over 90% of all malig-
nancies of the kidney that occur in adults in both sexes. Renal cell
cancer is the seventh leading malignant condition among men and
the twelfth among women, accounting for 2.6% of all cancers. A
1.6:1.0 male predominance exists and the peak incidence is in the
sixth and seventh decades. About 2% of cases of renal cancer are
associated with inherited syndromes. The American Cancer Society
estimated 38 890 (24 650 in males and 14 240 in females) new renal
cancers and 12 840 (8 130 males and 4 710 females) deaths in the
United States during 2006.1

Tobacco smoking is a major cause of kidney cancer and accounts
for at least 39% of all cases in males. Exposure to carcinogenic
arsenic compounds in industrial processes or through drinking
water increases the risk of renal cancer by 30%. Several other envi-
ronmental chemicals have been addressed as possible carcinogens,
including asbestos, cadmium, some organic solvents, pesticides, and
fungal toxins. Estrogens could be involved in the mechanism that
induces renal cell carcinoma in overweight and obese individuals.2

The incidence of renal cell carcinoma in obese people is double that
of normal individuals and it is also significantly increased in people
with a history of blood hypertension. Other exposures that have
been addressed are a family history of kidney cancer, birth weight,
low consumption of fruits and vegetables, and the use of antihyper-
tensive drugs other than diuretics.3,4

The classic symptomatic presentation includes the triad hema-
turia, flank pain, and palpable abdominal mass. Other common pre-
senting features may be not specific, such as fatigue, weight loss, and
anemia. Currently only a few patients present in this manner and

roughly half of the cases are now detected because a renal mass 
is incidentally identified on ultrasound (Figure 1.1) or computed
tomography (CT) scan examination (Figure 1.2). It has been reported
that the percentage of incidental renal cancers increased from 
17% between 1976 and 1980, rising to 58% over recent years.5

Moreover, Patard et al proposed classifying patients with renal 
cancer according to the mode of presentation: S1, symptomatic; 
S2, patients with local symptoms; and S3, patients with systemic
symptoms.6 Elevation of the erythrocyte sedimentation rate occurs
in approximately 50% of cases. Renal cell carcinoma may induce
paraneoplastic endocrine syndromes, including pseudohyper-
parathyroidism, erythrocytosis, hypertension, and gynecomastia.
Hypercalcemia without bone metastases occurs in approximately
10% of patients and in nearly 20% of patients with disseminated
carcinoma. In about 66% of patients, erythropoietin concentration
is elevated. Renal cell carcinoma also is known for presenting as
metastatic carcinoma of an unknown primary, sometimes in
unusual sites. Radiologic criteria established by Bosniak assist the
management of renal masses.7,8

Ultrasonography is useful for detecting renal lesions and if it 
is not diagnostic of a simple cyst, CT before and after intravenous
contrast is required. Plain CT may confirm a benign diagnosis 
by identifying fat in angiomyolipoma. Lesions without enhance-
ment require nothing further, but those with enhancement require
follow-up at 6 months, 1 year, and then annually.9–16

Figure 1.1
Ultrasonography: small cortical renal nodule.

Figure 1.2
CT scan after intravenous contrast showing a renal cortical mass.
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Part 2
Pathology

The neoplasms of the kidney are classified by using the World
Health Organization (WHO) 2004 system,17 which represents the
evolution of the 1997 Consensus Classifications of Heidelberg and
Rochester.18,19 The WHO 2004 system defines tumor subtypes with
distinct histopathologic features, clinical behavior, and genetic alter-
ations. This classification is critical for clinical management of renal
tumors and emergence of molecular therapies directed at tumor

gene activity.20 Both benign and malignant neoplasms are listed as
well as a diagnostic category named ‘renal cell carcinoma, unclassi-
fied’, to which can be assigned tumors which do not fit into any of
the established categories (Figure 1.3).

In the next paragraphs we will describe how to handle the speci-
mens from patients with renal tumors, the macroscopic and histo-
logic features of the renal neoplasms, and the most important

Renal cell neoplasms

Metanephric neoplasms

Clear cell renal cell carcinoma

Multilocular clear cell renal cell carcinoma

Papillary renal cell carcinoma

Chromophobe renal cell carcinoma

Carcinoma of the collecting ducts of Bellini

Renal medullary carcinoma

Xp11 translocation carcinomas

Carcinoma associated with neuroblastoma

Mucinous tubular and spindle cell carcinoma

Renal cell carcinoma, unclassified

Papillary adenoma

Oncocytoma

Metanephric adenoma

Metanephric adenofibroma

Metanephric stromal tumor

Nephroblastic neoplasms

Nephrogenic rests

Nephroblastoma

Cystic partially differentiated nephroblastoma  

Mesenchymal neoplasms

Clear cell sarcoma

Rhabdoid tumor

Congenital mesoblastic nephroma

Ossifying renal tumor of infants

Leiomyosarcoma

Angiosarcoma

Rhabdomyosarcoma

Malignant fibrous histiocytoma

Hemangiopericytoma

Osteosarcoma

Angiomyolipoma

Epithelioid angiomyolipoma

Leiomyoma

Hemangioma

Lymphangioma

Juxtaglomerular cell tumor

Renomedullary interstitial cell tumor

Schwannoma

Solitary fibrous tumor

Mixed mesenchymal and epithelial neoplasms

Cystic nephroma

Mixed epithelial and stromal tumor

Synovial sarcoma

Neuroendocrine neoplasms

Carcinoid

Neuroendocrine carcinoma

others

Hematopoietic and lymphoid neoplasms

Germ cell neoplasms

Metastatic neoplasms

Lymphoma

others

Figure 1.3
The WHO classification of tumors of the kidney, 2004 (modified).
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4 Clinical Pathology of Urologic Tumors

tumor-like lesions occurring in the kidney or in the perinephric fat.
We divided the renal neoplasms into two groups named frequent
tumors and other tumors. In the last one both the rarest tumors of
the WHO 2004 classification and entities reported after the publica-
tion of this classification system have been included.

Gross and microscopic features

Handling of renal tumor specimens
The correct handling of the renal tumorectomy (Figure 1.4) or par-
tial and radical nephrectomy by urologists and pathologists is essen-
tial in order to retrieve all the information useful for diagnosis and
prognosis. The specimen should be brought immediately to the lab-
oratory, fresh and without any cut from the operating room, to
avoid any artifact which can cause inadequate sampling of the spec-
imen, in particular regarding the evaluation of the surgical margins
and the possible neoplastic infiltration of the perinephric fat. If for
surgical reasons it is necessary to separate the perinephric adipose
tissue, it must be sent indicating the zone of tumoral contact. The
surgical margin in the nephron-sparing surgery specimens and the
surface of the whole specimen, particularly the areas where the rad-
icality is dubious, should be inked by the pathologist (Figure 1.4).
After inspection of the renal vein, the pathologist should dissect the
specimen obtained by a radical nephrectomy with a bivalving inci-
sion which should pass through the midline of the kidney in the
coronal plane, photograph the bivalved kidney, take fresh neoplastic
and normal tissues, and measure the diameter of the tumor. After-
wards some pathologists remove the perirenal fat (Gerota’s fascia)
with blunt dissection from the capsule and, if parts of the capsule are
adherent to the tumor, dissect around them, leaving them in place
so that they can be taken for histologic examination. Others leave
the perirenal fat in place, directly make a series of parallel slabs in the
sagittal plane at 2–3 cm intervals, and place the entire specimen in a
container of buffered formalin for fixation overnight. The next step
is the gross description of the tumor, which must include side, size,
shape (ball-shaped, polygonal, uni- or multinodular, uni- or multi-
focal), border (sharpness of margins, pseudocapsule), color (yellow,
gray-white, brown, tan-brown, beige), structural features, signs of
regression (necrosis, hemorrhage, scars, pseudocysts), and exten-
sion (restricted to the kidney, infiltration of the perirenal adipose
tissue or the hilar region (renal sinus), macroscopic invasion of hilar
veins or pelvis, presence of lymph nodes and/or adrenal gland).

For histologic study the tissue samples have to be selected and
separately identified from each centimeter of the largest diameter of
the tumor, in particular from areas that differ in color, especially

from areas which are white and gray, and from the periphery to doc-
ument the interface with the normal renal parenchyma. The renal
sinus is the fatty compartment located within the confines of the
kidney not delineated from the renal cortex by a fibrous capsule.
Because it contains numerous veins and lymphatics, invasion into
this compartment may permit dissemination of a tumor otherwise
regarded as renal-limited; more sections including the interface
between the tumor and renal sinus have to be included. Again, addi-
tional sections should include the renal pelvis, renal artery and vein,
ureter, lymph nodes, adrenal, and normal kidney (Figure 1.5).

Frequent tumors

CClleeaarr  cceellll  rreennaall  cceellll  ccaarrcciinnoommaa
Clear cell renal cell carcinoma comprises 70% of all renal cell neo-
plasms and its male:female ratio is 2:1.

Grossly, it usually presents as a solitary, well-circumscribed 
(Figure 1.6) or multinodular, yellowish mass with additional gray
and white foci; a pseudocapsule can sometimes be clearly evident
(Figure 1.7). The yellow part corresponds to well-differentiated
tumor areas, whereas the latter ones are less well differentiated. They
are usually solid, but a few cases display a cystic growth pattern.
White sclerotic septa (Figure 1.8), focal calcifications, necrosis, and
irregular hemorrhage can be seen.21 Under the light microscope,
clear cell renal cell carcinoma shows solid, alveolar, and acinar pat-
terns, the most common. The alveolar and acinar structures can be
dilated and filled with red blood cells. Clear cell renal cell carcinoma
contains a prominent, fine, delicate network of small thin-walled
blood vessels (Figure 1.9). The clearing cytoplasm of the neoplastic
cells is the result of an intensive accumulation of glycogen and lipids,
which are dissolved in routine histologic processing. Many tumors
contain neoplastic cells with eosinophilic cytoplasm due to increased
numbers of mitochondria; this is particularly common in high grade

Figure 1.4
Renal tumorectomy: well-demarcated small brown nodule.

Figure 1.5
Sampling of renal tumor specimens. 1: Tumor and adjacent
normal renal parenchyma; 2: tumor and adjacent renal sinus
(multiple sections); 3: tumor and adjacent perirenal fat; 4:
section per each particular area that differs in color (hemorrage,
necrosis or scar); 5: normal cortical and medullary renal
parenchyma; 6: section of the hilar region including ureter,
branches of small arteries, veins and adipose tissue of the sinus.
This section was taken before bevalving the specimen.
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Renal tumors 5

tumors and in neoplastic cells adjacent to necrotic or hemorrhagic
areas. Sarcomatoid change occurs in 5% of clear cell renal cell carci-
nomas and is associated with a poorer prognosis. Stage, nuclear
grade, and necrosis are the most important prognostic features of
this tumor.17,21

Rarely, the clear cell renal cell carcinoma presents as a mass
entirely composed of cysts (Figure 1.10) lined for the most part by a
single layer of clear epithelial cells and septa with no expansile solid
nodules but containing aggregates of epithelial cells with clear cyto-
plasm, so called multilocular cystic renal cell carcinoma. These
tumors are usually of low nuclear grade, confined to the kidney, and
associated with an excellent prognosis. Approximately 40 cases have
been described exclusively in adults, showing a predominance of
males over females (3:1). Immunohistochemistry can be helpful in
confirming the epithelial nature of the cells within the septa and lin-
ing the cysts.22,23

Figure 1.6
Clear cell renal cell carcinoma: a well-circumscibed, solitary, 
and yellowish large tumor.

Figure 1.7
Clear cell renal cell carcinoma: tumor with a thick
pseudocapsule and a variegation of color from yellowish to thin
whitish areas and focal hemorrhage.

Figure 1.8
Clear cell renal cell carcinoma: tumor with large sclerotic areas.

Figure 1.9
Clear cell renal cell carcinoma: a neoplasm with a solid-acinar
pattern with a prominent, fine, delicate network of small thin-
walled blood vessels.
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6 Clinical Pathology of Urologic Tumors

PPaappiillllaarryy  rreennaall  cceellll  nneeooppllaassmmss
Papillary renal cell neoplasms are grossly characterized by a spheri-
cal boundary and a beige to white color. Tumors with a diameter up
to 5 mm are considered adenomas (Figure 1.11). They are often
incidental findings and occur in up to 23% of autopsy patients. The
larger tumors are viewed as carcinomas, comprise 15% of all of sur-
gically removed renal cell neoplasms, and the male to female ratio is
2:1. They can exhibit central necrosis resulting from a poor vascular
supply and frequent hemorrhages (Figure 1.12). In some cases this
feature can be so extensive as to mimic a cyst both radiologically 
and grossly.

Microscopically, papillary renal cell neoplasms are characterized
by papillary or tubulo-papillary architecture.24 The epithelial neo-
plastic cells line a delicate fibrovascular core in which aggregates of
foamy macrophages can be found. The core can be expanded by
edema. In carcinomas cholesterol crystals, necrosis, and hemor-
rhage are frequently seen and hemosiderin granules may be present
in macrophages, stroma, and tumor cell cytoplasm.

Two well-recognized morphologic types of papillary renal cell
carcinomas have been described. Type 1 tumors have papillae cov-
ered by small cells with scanty cytoplasm, arranged in a single layer
on the papillary basement membrane with low nuclear grade 
(Figure 1.13); type 2 tumors are composed of cells with higher
nuclear grade, eosinophilic cytoplasm, and pseudostratified nuclei
on papillary cores (Figure 1.14). Type 1 tumors are more frequently
multifocal. Psammoma bodies are common.19,25,26 Longer survival

has been described for type 1 papillary renal cell carcinoma when
compared with type 2.27,28 A papillary renal cell carcinoma entirely
composed of oncocytes has been described.29 This subset of papillary
tumors shows clinico-pathologic features different from type 1 and
type 2 papillary renal cell carcinomas and has been proposed to be a
third group, being intermediate between type 1 and type 2.

Sarcomatoid dedifferentiation is seen in approximately 5% of
papillary renal cell carcinomas and has been associated with both
type 1 and type 2 tumors.30,31

CChhrroommoopphhoobbee  rreennaall  cceellll  ccaarrcciinnoommaa
Chromophobe renal cell carcinoma accounts for 5% of all cases of
surgically removed renal epithelial tumors, without any difference
between males and females.32

Figure 1.10
Multicystic clear cell renal cell carcinoma: mass entirely
composed of cysts.

Figure 1.11
Papillary renal cell adenoma: small cortical tubulo-papillary
neoplasm with a diameter less than or equal to 5 mm.

Figure 1.12
Papillary renal cell carcinoma exhibiting a central hemorrhage.
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Renal tumors 7

Grossly, it is a solid, well-circumscribed neoplasm with a light
brown color on the cut surface (Figure 1.15). The morphologic fea-
tures of chromophobe renal cell carcinoma include a solid, ‘cobble-
stone’ growth pattern, whereas the acinar architecture surrounded
by a rich vascular network as seen in clear cell renal cell carcinoma is
lacking. A tubular architecture may be occasionally seen.33 Focal cal-
cifications and broad fibrotic septa are frequently present. The cyto-
plasm of a typical chromophobe is pale pink and flocculent and 
the peripheral portion of the cytoplasm shows a variable degree of
granularity and eosinophilia, resulting in an accentuation of the cel-
lular membrane. A perinuclear ‘halo’ may be observed (Figure 1.16).
Nuclei range from vesicular to wrinkled and can exhibit marked
pleomorphism. The neoplastic cells can display binucleation. Mitotic

figures can be found in a variable amount ranging from none to
twenty-five � 50 high power fields.34–39

At electron microscopy chromophobe renal cell carcinoma is 
typically characterized by a cytoplasm containing scant numbers 

Figure 1.13
Papillary renal cell carcinoma: type 1 tumors have papillae
covered by small cells with scanty cytoplasm, arranged in a
single layer on the papillary basement membrane, and low
nuclear grade.

Figure 1.14
Papillary renal cell carcinoma: type 2 tumors are composed of
cells with higher nuclear grade, eosinophilic cytoplasm, and
pseudostratified nuclei on papillary cores.

Figure 1.15
Chromophobe renal cell carcinoma: solid well-circumscribed
mass with a light brown color on the cut surface.

Figure 1.16
Chromophobe renal cell carcinoma: microscopically shows a
solid, ‘cobblestone’ growth pattern whereas the acinar
architecture surrounded by a rich vascular network as seen in
clear cell renal cell carcinoma is lacking. The cytoplasm of a
typical chromophobe is pale pink and flocculent and the
peripheral portion of the cytoplasm shows a variable degree of
granularity and eosinophilia, resulting in an accentuation of the
cellular membrane. A perinuclear ‘halo’ may be observed.
Nuclei range from vesicular to wrinkled and can exhibit
pleomorphism. The neoplastic cells can display binucleation.
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8 Clinical Pathology of Urologic Tumors

of mitochondria, which have tubulo-vesicular cristae, and by the
presence of innumerable 150–300 micron microvesicles scattered
between the mitochondria.33,40,41 These microvesicles are responsible
for the perinuclear halo and flocculent cytoplasm in the chromo-
phobic neoplastic cells and can be used as a diagnostic finding.41

In 1988, 10 cases of eosinophilic variant out of 32 chromophobe
renal cell carcinomas were identified.34,42 This morphologic variant
represents roughly 10% of this histotype (Figure 1.17). Chromo-
phobe renal cell carcinoma is a low-grade malignancy; however, sar-
comatoid transformation occurs in 8% of cases.

A diffuse cytoplasmic staining reaction with Hale’s iron colloid
stain has, for a long time, been considered a characteristic feature of
this special tumor type only,43 but it has recently been observed in
acquired cystic disease-associated renal cell carcinomas.44

CCoolllleeccttiinngg  dduucctt  ccaarrcciinnoommaa  ((ssoo--ccaalllleedd
BBeelllliinnii  dduucctt  ccaarrcciinnoommaa))
The group of tumors with collecting duct differentiation is undergo-
ing considerable change and redefinition. The recommendation is
to restrict the term ‘collecting duct carcinoma’ to the whitish and
firm tumors grossly located in the medulla or central parts of the
kidney. They are usually large and infiltrative with extension into the
perinephric fat and invasion of the renal pelvis (Figure 1.18). Histo-
logically, they are high-grade and highly aggressive carcinomas with
papillary ductal architecture, stromal desmoplasia, and granulocytic
infiltration (Figure 1.19). Lymph node metastases are common.45

Some of them are associated with sickle cell trait and are grouped
separately under the term medullary carcinoma.46–48

OOnnccooccyyttoommaa
Renal oncocytomas are benign neoplasms. They comprise 5% of
adult renal epithelial tumors in surgical series and the male to female
ratio is 2:1.

The oncocytoma is a well-circumscribed large tumor with a stellate
central scar and is a uniform mahogany brown color (Figure 1.20).
Foci of hemorrhage can be observed, but necrosis is consistently
absent.

Microscopically, oncocytoma displays a compact solid or nesting
arrangement of large cells in an edematous and hyalinized stroma.
Neoplastic cells have abundant granular eosinophilic cytoplasm,49

reflecting the presence of the numerous mitochondria visible on

Figure 1.17
Chromophobe renal cell carcinoma: eosinophilic variant 
showing neoplastic cells with prevalent degree of granularity
and eosinophilia.

Figure 1.18
Collecting duct carcinoma (so-called Bellini duct carcinoma):
large gray-whitish bulging tumor arising from the medulla.

Figure 1.19
Collecting duct carcinoma: microscopically, it shows highly
irregular duct-like structures, nests, and cords of cells in an
abundant desmoplastic stroma.
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ultrastructural analysis. The nuclei of renal oncocytoma cells are
regular and round, with a nucleolus often evident (Figure 1.21).
Rarely, occasional degenerative bizarre nuclei or scattered nests of
small cells, so called oncoblasts, can be found. A tubulo-cystic pat-
tern of growth can be prevalent in a few cases (Figure 1.22). The
extension of oncocytoma cells into perirenal adipose tissue can
occur in rare cases.50–52

The iron colloidal staining in renal oncocytoma is weak, distrib-
uted in focal areas, and in the form of fine, dust-like granules;43 some
authors have reported an apical positivity with Hale’s colloidal iron
staining in a group of renal oncocytomas.53,54

MMeettaanneepphhrriicc  aaddeennoommaa
The family of metanephric neoplasms comprises a spectrum of lesions
that are derived from the metanephric blastema such as metanephric
adenoma, metanephric adenofibroma, and the metanephric stromal
tumor.

Metanephric adenoma is the most frequently occurring member
of this family. It is a benign tumor which occurs most commonly in
women during their fifth decade of life. Approximately 10% of
patients with this neoplasm present with polycythemia due to
increased erythropoietin production.

Grossly, this tumor presents as a single, solid, well-circumscribed
nodule with light brown to sandy cut surfaces of glassy quality 
(Figure 1.23). The tumors are sharply demarcated from adjacent
parenchyma; hemorrhagic ones can be present. Necrosis and soften-
ing are not found, although cystic regression may occur in the center.

Histologically, metanephric adenoma consistently lacks a fibrous
pseudocapsule. It is composed of densely packed, small, neoplastic
cells with overlapping nuclei and invisible cell borders in solid-
appearing areas, turning to a polar orientation in areas of more dif-
ferentiated tubular, tubulo-papillary, or glomeruloid structures. The
nuclei are innocent looking and mitoses are uncommon (Figure 1.24).
It may contain psammoma bodies, especially in the peripheral scle-
rotic zones.55–57

AAnnggiioommyyoolliippoommaa
Angiomyolipoma is the most common mesenchymal neoplasm of
the kidney. It is classically composed of a variable mixture of 
fat, spindle and epithelioid smooth muscle cells, and abnormal
thick-walled blood vessels. The perivascular epithelioid cell is con-
sidered to be the cell of origin for this and other related tumors58

(Figure 1.25). Angiomyolipoma has, for a long time, been considered
to be a hamartoma rather than a true tumor, but its clonal nature
has been recently demonstrated. Angiomyolipoma can be sporadic
or occurring in patients with tuberous sclerosis, an inherited syn-
drome. In patients with tuberous sclerosis, renal angiomyolipomas
are found in both sexes, in the third and fourth decades of life; they are
usually asymptomatic, bilateral, small, and multifocal (Figure 1.26).59

Sporadic angiomyolipomas occur in older patients, in the fourth to
sixth decades of life, with a female predominance; they are single,

Figure 1.20
Renal oncocytoma: well-demarcated solid nodule with a tan
color appearance and a stellate central scar.

Figure 1.21
Renal oncocytoma: this tumor displays a compact solid or
nesting arrangement of large cells with abundant granular
cytoplasm; the nuclei of neoplastic cells are regular and round,
with a nucleolus often evident.

Figure 1.22
Renal oncocytoma: a tubulo-cystic pattern of growth can be
observed in a few cases.
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10 Clinical Pathology of Urologic Tumors

unilateral, and larger than those associated with tuberous sclerosis.
Classic angiomyolipoma contains more than one cell type, but 
occasionally adipocytes (lipoma-like angiomyolipoma) or spindle
smooth muscle cells (leiomyoma-like angiomyolipoma) predomi-
nate in particular lesions.

Classic angiomyolipoma has a benign outcome. Multifocality and
regional lymph node involvement can occur and this is considered
to represent a multifocal growth pattern rather than metastasis.60

Three cases of sarcoma developing in sporadic angiomyolipoma
have been reported.61

Angiomyolipoma frequently shows loss of heterozygosity of vari-
able portions of the TSC2 gene locus in both sporadic and tuberous
sclerosis-associated tumors, but loss of heterozygosity of the TSC1
gene is only occasionally found.62

Microscopic angiomyolipomas (so-called microhamartomas) are
small nodules often present in the renal parenchyma bearing
angiomyolipomas. They are dishomogeneous in appearance and
display all the varied histologic features of angiomyolipoma less the
thick-walled blood vessels.63

Intraglomerular lesions with features overlapping with those of
angiomyolipoma have been reported in patients with and without
tuberous sclerosis and in the TSC2/PKD1 contiguous gene syn-
drome, a disease with a deletion disrupting both TSC2 and PKD1
(autosomal dominant polycystic disease gene).64

Epithelioid angiomyolipoma is now a well-recognized variant of
angiomyolipoma.65–67 This tumor is composed of purely epithelioid
cells (Figure 1.27) with melanogenesis markers immunoreactivity,
such as HMB45 and melan-A arranged in sheets and characterized
by the absence of both adipocytes and abnormal blood vessels. The
neoplastic cells display a cytoplasm varying from faintly eosinophilic
to clear, and with considerable nuclear atypia. Epithelioid angiomy-
olipoma closely resembles high-grade or sarcomatoid renal cell car-
cinomas and it is responsible for the occasionally misdiagnosed
angiomyolipoma. It can recur locally, metastasize, and cause death.
At the present time, on the basis of histology alone, it is not possible
to predict malignant behavior in these neoplasms and all epithelioid
angiomyolipomas should be closely followed clinically. Epithelioid
angiomyolipoma has been described in patients with and without

Figure 1.23
Metanephric adenoma: tumor well circumscribed but not
encapsulated.

Figure 1.24
Metanephric adenoma: it is composed of densely packed small
neoplastic cells with overlapping nuclei and invisible cell
borders.

Figure 1.25
Renal angiomyolipoma: it is classically composed of a variable
mixture of fat, spindle and epithelioid smooth muscle cells, 
and abnormal thick-walled blood vessels.

Figure 1.26
Renal angiomyolipoma: multiple renal tumors with variable
maximum size.

MIKUZ_Ch01.qxp  8/2/2007  5:50 PM  Page 10



Renal tumors 11

evidence of tuberous sclerosis,66,67 and in the TSC2/PKD1 contigu-
ous gene syndrome.64 Loss of heterozygosity of TSC2 has been
reported in two cases of sporadic epithelioid angiomyolipoma.66,68

Neoplasms composed of a population of HMB45 positive poly-
gonal cells (Figure 1.28) with deeply eosinophilic cytoplasm have
been identified in patients with and without tuberous sclerosis and
called oncocytoma-like angiomyolipoma.69

Cystic angiomyolipoma (or angiomyolipoma with epithelial
cysts) is a recently described variant of angiomyolipoma.70 At gross
examination, it has a composite aspect: solid and cystic. Microscop-
ically, it shows three components:

1. epithelial cysts lined by cuboidal to hobnail cells, positive for
cytokeratin;

2. a compact subepithelial ‘cambium-like’ layer of stromal cells
positive for HMB45, melan-A, estrogen receptors, progesterone
receptors, and CD10; and

3. a solid extracystic component with the morphology of a muscle-
predominant angiomyolipoma.

Only 1 of the 15 cases described to date had a known history of
tuberous sclerosis.70,71

Rare tumors

RReennaall  ccaarrcciinnoommaass  aassssoocciiaatteedd  wwiitthh  
XXpp1111..22  ttrraannssllooccaattiioonnss
Most renal carcinomas with Xp11 translocations have occurred in
children and young adults; occasional adult cases have also been
reported. Xp11.2-associated carcinomas likely comprise approxi-
mately one-third of pediatric renal cell carcinomas. Several Xp11
translocation carcinomas have arisen in patients previously exposed
to chemotherapy.

Grossly, they display features similar to clear cell renal cell carci-
noma. Histologically, a papillary carcinoma composed of clear 
cells with a variable number of psammoma bodies is the most 
distinctive histopathologic appearance of an Xp11 translocation car-
cinoma (Figure 1.29), however the morphologic features of Xp11-
translocation carcinomas associated with specific chromosome
translocation breakpoints differ (Figure 1.30). The most distinctive
immunohistochemical feature of all these neoplasms is nuclear
labeling for TFE3 protein using an antibody to the C-terminal 

Figure 1.27
Epithelioid renal angiomyolipoma: epithelioid neoplastic cells
with considerable nuclear atypia.

Figure 1.28
Epithelioid renal angiomyolipoma: HMB45 diffuse positive
immunoexpression in both epithelioid and spindle cells.

Figure 1.29
Renal cell carcinoma with Xp11 translocation: a papillary
carcinoma composed of clear cells with a variable number of
psammoma bodies is its most distinctive histopathologic
appearance.
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12 Clinical Pathology of Urologic Tumors

portion of TFE3, which is retained in the gene fusions.72–75 Their
clinical behavior remains to be determined.

A group of renal tumors characterized by another translocation,
t(6;11)(p21;q12), has been recently identified. These neoplasms are
composed of nests and tubules of polygonal epithelioid cells with
clear to granular eosinophilic cytoplasm and round nuclei with
small nucleoli. A second population of smaller epithelioid cells is
also characteristic, typically clustered around nodules of hyaline
basement membrane material76 (Figure 1.31). The cases examined
have generally been negative for cytokeratins by immunohisto-
chemistry, but all have labeled at least focally for the melanogenesis
markers, HMB45 and melan A. Recently, the immunohistochemical
expression of TFEB protein has been described and suggested as a
useful tool for the diagnosis of this neoplasm (Figure 1.32).77

RReennaall  cceellll  ccaarrcciinnoommaass  aafftteerr
nneeuurroobbllaassttoommaa
These rare tumors typically affect children (median age 13.5 years)
who are long-term survivors of neuroblastoma. They feature onco-
cytoid cytoplasm that is often voluminous, and have solid and pap-
illary architecture. Several cases have arisen in children who never
received chemotherapy for their neuroblastoma so it is possibly a
genetic susceptibility.78,79

MMuucciinnoouuss  ttuubbuullaarr  aanndd  ssppiinnddllee  
cceellll  ccaarrcciinnoommaa
Mucinous tubular and spindle cell carcinoma has been reported
with different terminology in the literature, such as low-grade myx-
oid renal epithelial neoplasm of distal nephron differentiation, low-
grade tubular-mucinous renal neoplasm, and Henle loopoma. It
arises during the sixth decade of life with a sharp prevalence for the
female sex (male to female ratio is 1:4). Grossly, it is a solid, pale tan
to yellow to gray-white lesion that may have slight focal areas 
of necrosis or hemorrhage. This tumor is circumscribed and 

Figure 1.30
Renal cell carcinoma with translocation: TFE3-positive nuclear
immunoexpression.

Figure 1.31
Renal cell neoplasm with t(6;11) translocation: this tumor is
composed of nests and tubules of polygonal epithelioid cells
with clear to granular eosinophilic cytoplasm and round nuclei
with small nucleoli. A second population of smaller epithelioid
cells is also characteristic, typically clustered around nodules of
hyaline basement membrane material.

Figure 1.32
Renal cell neoplasm with t(6;11): TFEB-positive nuclear
immunoexpression.

features branching, elongated tubules in a bubbly, basophilic, myx-
oid stroma (Figure 1.33). Tumor cells are predominantly cuboidal
with scant, clear to pale, acidophilic cytoplasms and low-grade
nuclear features.78,80–82
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Only rare cases have metastasized to lymph nodes: most are cured
by excision and no tumor-related deaths are on record.83

RReennoommeedduullllaarryy  iinntteerrssttiittiiaall  cceellll  ttuummoorrss
aanndd  ootthheerr  mmeesseenncchhyymmaall  ttuummoorrss
Renomedullary interstitial cell tumors (medullary fibromas) are
well-circumscribed, small (�1 cm), gray-white nodules in the renal
medulla, often multiple, which are found in as many as 50% of
autopsied kidneys. They are benign lesions composed of small spin-
dle cells in a loose basophilic stroma (Figure 1.34). Other benign
(juxtaglomerular cell tumor, leiomyoma, lipoma, hemangioma,
lymphangioma) and malignant (leiomyosarcoma, liposarcoma,
solitary fibrous tumor, hemangiopericytoma, fibrosarcoma, fibrous
histiocytoma) mesenchymal neoplasms are extremely rare.

CCyyssttiicc  nneepphhrroommaa
Cystic nephromas are benign neoplasms occurring predominantly
in women (female to male ratio is 8:1) and are often found inciden-
tally by radiologic examinations for other conditions. They may pre-
sent as a single, rarely bilateral mass with pain or hematuria. Grossly,
cystic nephromas are well demarcated from adjacent normal kidney
by a thick fibrous pseudocapsule and herniate into the renal sinus or
bulge from the convexity of the renal cortex. The tumor is com-
pletely cystic and there are no solid nodules (Figure 1.35). The cysts
contain clear or hemorrhagic fluid and range in size from micro-
scopic to 5 cm or greater. The septal stroma consists of fibrous tissue
which varies from myxoid to collagenous and occasionally it is cel-
lular and has a wavy appearance resembling ovarian stroma. Necro-
sis and hemorrhage are rare. The cysts are lined by flattened,
cuboidal, or hobnail epithelium, occasionally with a clear cytoplasm
(Figure 1.36). Mitotic figures are very rare. Rarely sarcoma arising in
cystic nephroma has been reported.22,84

Figure 1.33
Mucinous tubular and spindle cell carcinoma: it shows
branching, elongated tubules in a bubbly, basophilic, myxoid
stroma. Tumor cells are predominantly cuboidal with scant,
clear to pale, acidophilic cytoplasm and low grade nuclear
features.

Figure 1.34
Renomedullary interstitial cell tumors: small medullary
interstitial proliferation surrounded by normal parenchyma.

Figure 1.35
Cystic nephroma: encapsulated mass entirely composed of cysts
ranging in size from a few millimeters to some centimeters.

Figure 1.36
Cystic nephroma: the cysts are lined by a single layer of hobnail
epithelium.
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MMiixxeedd  eeppiitthheelliiaall  aanndd  ssttrroommaall  ttuummoorrss
This tumor has been previously reported as cystic hamartoma of 
the renal pelvis and mesoblastic nephroma of adults. It shows a
strong predominance in women during the perimenopausal period.
Most of the tumors appear to arise in the middle kidney, often 
with herniation into the renal pelvic cavity, and to grow as a well-
circumscribed, unencapsulated mass.

Grossly, it is composed of multiple cysts and solid areas 
(Figure 1.37). Histologically it displays a mixture of neoplastic
epithelial components and spindle cells (Figure 1.38). The spindle
cell proliferation resembles ovarian stroma and it is intermixed with
cysts lined by flat, cuboidal, or hobnailed epithelial cells, typical of
collecting-duct epithelium. Urothelium, which may be hyperplastic,
may also line some of the cysts. Blood vessels with thick walls and fat
cells may be present.85,86

NNeeuurrooeennddooccrriinnee  rreennaall  ttuummoorrss
Although neuroendocrine cells have not been documented in the
normal renal parenchyma, a few neuroendocrine neoplasms arise in
the kidney. These rare tumors include carcinoids and small cell neu-
roendocrine carcinomas, whereas pure intrarenal neuroblastoma and
paraganglioma/pheochromocytoma are exceedingly rare findings.

Carcinoids are well-differentiated neuroendocrine tumors which
seem to show a striking association with horseshoe kidney. They occur
in patients over 40 years of age as solitary, solid, well-circumscribed
yellowish nodules. About 30% of these tumors metastasize. Small
cell neuroendocrine carcinomas are large, whitish, invasive masses
arising in patients with an average age of 60 years and their progno-
sis is extremely poor. Both carcinoids and small cell neuroendocrine
carcinomas do not differ morphologically from similar tumors
located at other sites87–89 (Figures 1.39 and 1.40).

Figure 1.37
Mixed epithelial and stromal tumors: the tumors are typically
composed of multiple cysts and solid areas.

Figure 1.38
Mixed epithelial and stromal tumor: it is composed of large
cysts and stroma comprising a variable cellular population of
spindle cells.

Figure 1.39
Carcinoid renal tumor: this does not differ morphologically from
similar tumors located at other sites.

Figure 1.40
Carcinoid renal tumor: positive immunoexpression of
chromogranin.
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LLyymmpphhoopprroolliiffeerraattiivvee  ddiisseeaasseess
Both primary and secondary lymphomas and involvement by 
plasmacytomas and leukemias can be observed in the kidney. The
patterns of renal involvement can be either diffuse or with the for-
mation of masses or intravascular90 (Figures 1.41 and 1.42).

MMeettaassttaattiicc  ttuummoorrss
In the advanced stages of evolution of malignant neoplasms at other
locations, renal metastases can occur; however, infrequently they are
the primary manifestation of the disease (Figures 1.43 and 1.44).

Figure 1.41
Primary renal lymphoma: diffuse pattern of neoplastic 
lymphoid renal involvement.

Figure 1.42
Primary renal lymphoma: CD20-positive immunoexpression of
lymphoid neoplastic proliferation.

Figure 1.43
Follicular thyroid carcinoma metastatic to the kidney.

Figure 1.44
Renal metastasis of a carcinoma of the thyroid: TTF-1
immunoexpression in the metastatic thyroid tumor.

Figure 1.45
Renal cell neoplasm in end-stage renal disease: clear cell
papillary renal cell carcinoma of the end-stage renal disease
kidney is composed of clear cells with low grade nuclei arranged
in a solid-acinar, tubular, microcystic, or papillary architecture.
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16 Clinical Pathology of Urologic Tumors

RReennaall  cceellll  nneeooppllaassmmss  iinn  eenndd--ssttaaggee  
rreennaall  ddiisseeaassee
End-stage renal disease is known to be associated with an increased
risk of developing renal cell neoplasms, particularly in patients with
acquired cystic disease secondary to long-term hemodialysis.
Tumors arising in kidneys with end-stage renal disease include those
resembling sporadic renal tumors, such as clear cell, papillary and
chromophobe renal cell carcinomas, and tumors distinct from them
named acquired cystic disease-associated renal cell carcinoma and
clear cell papillary renal cell carcinoma of the end-stage renal 
kidneys (Figure 1.45).50 The last two groups of neoplasms seem to
display distinctive histologic features not easily referable to the 
histotypes described in the WHO 2004 classification system. The

acquired cystic disease-associated renal cell carcinoma is character-
ized by abundant eosinophilic cytoplasm, a variably solid, cribri-
form tubulo-cystic and papillary pattern, and by deposits of calcium
oxalate crystals.

Clear cell papillary renal cell carcinomas of the end-stage renal
kidneys are composed of clear cells with low grade nuclei arranged
in a solid-acinar, tubular, microcystic, or macrocystic architecture
with prevalently cytokeratin 7 immunoexpression (Figure 1.46).
Occasional tumors like these have been observed in a non end-stage
renal disease setting. A peculiar morphologic feature is the polariza-
tion of the nuclei in a linear array away from the basal aspects of 
the cells.

Figure 1.46
Renal cell neoplasm in end-stage renal disease: CK7-positive
immunoexpression in clear cell papillary renal cell carcinoma.

Figure 1.47
Xanthogranulomatous pyelonephritis is a tumor-forming
subacute or chronic inflammation which can be associated 
with nephrolithiasis.

Figure 1.48
Xanthogranulomatous pyelonephritis is a tumor-forming
subacute or chronic inflammation; it is composed of lipid-laden
macrophages (xanthoma cells) which may mimic the neoplastic
cells of clear cell renal cell carcinoma. Multinucleated giant
cells, spindled fibroblasts, and inflammatory cells, in particular
granulocytes, are frequently present.

Figure 1.49
Xanthogranulomatous pyelonephritis: CD68-positive
immunoexpression of macrophages (xanthoma cells).
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Figure 1.50
Xanthogranulomatous pyelonephritis: absence of cytokeratin 
8-18 (CK8-18) immunoexpression of macrophages; entrapped
normal renal tubules immunostain for CK8-18.

Figure 1.51
Hemorrhagic cyst: a perirenal cyst that can radiologically mimic
a solid mass or a complicated cyst.

Figure 1.52
Hemorrhagic cyst: the morphologic hallmark of this cyst without
identifiable epithelium is the presence of numerous round
laminated bodies in the inflammatory wall, called Liesegang rings.

Figure 1.53
Malakoplakia: grossly it may present as a plaque or nodule
(left); microscopically, a whole histologic section mimics renal
cell carcinoma (right).

Figure 1.54
Malakoplakia: it can present as a renal solid mass which is
composed of eosinophilic macrophages with intracytoplasmic
Michaelis–Gutman bodies.

Figure 1.55
Malakoplakia: evidence of eosinophilic macrophages with
intracytoplasmic Michaelis–Gutman PAS-positive bodies.
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Figure 1.56
Pseudotumor due to Tamm–Horsfall extravasation: the extravasation
of large amounts of this protein in the adipose tissue of the sinus
simulates clinically and radiologically a tumor of the renal pelvis.

Figure 1.57
The immunostain of Tamm–Horsfall protein
demonstrates the nature of the amorphous
eosinophilic material present in the adipose
tissue of the renal sinus.

Tumor-like lesions
The lesions that most frequently simulate neoplasms clinically and
radiologically are xanthogranulomatous pyelonephritis, perirenal
and intrarenal hemorrhagic cysts, malakoplakia, and pseudotumor
due to Tamm–Horsfall extravasation.

Xanthogranulomatous pyelonephritis is a tumor-forming subacute
or chronic inflammation which can be associated with nephrolithiasis
(Figure 1.47) to a variable degree, ranging from 20 to 70% of the cases.
Grossly it appears as golden yellow nodules which are histologically
composed of lipid-laden macrophages (xantoma cells) (Figure 1.48).
However, these cells immunostain for CD68 (Figure 1.49), but not
for cytokeratin 8-18 (Figure 1.50), and may mimic the neoplastic
cells of clear cell renal cell carcinoma. Multinucleated giant cells and
spindled fibroblast and inflammatory cells, in particular granulo-
cytes, are frequently present.

Perirenal and intrarenal hemorrhagic cysts can radiologically
mimic a solid mass or a complicated cyst (Figure 1.51). The mor-
phologic hallmark of this cyst, frequently without identifiable
epithelium, is the presence of numerous round laminated bodies
called Liesegang rings in the inflammatory wall91,92 (Figure 1.52).

Malakoplakia can present as a renal solid mass (Figure 1.53)
which is composed of eosinophilic macrophages (Figure 1.54) 
with intracytoplasmic Michaelis–Gutman PAS-positive bodies 
(Figure 1.55).93

Tamm–Horsfall protein is a kidney-specific protein which is pro-
duced in the Henle’s loop. The extravasation of large amounts of
this protein in the interstitium or in the adipose tissue of the sinus
can be clinically and radiologically misdiagnosed for a tumor
(pseudotumor due to Tamm–Horsfall extravasation) (Figures 1.56
and 1.57).94,95
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Part 3
Tumor genetics

The genetic studies of renal tumor have resulted in improved under-
standing of the biologic mechanisms that are responsible for neo-
plastic development and progression. It has also been revealed that
several different and specific genetic events are responsible for
tumorigenesis in the various categories and subcategories of renal
neoplasms. The ultimate goal of research on the molecular pathol-
ogy of renal neoplasms is a complete understanding of the genetics
of these tumors, which will, in turn, aid in making the correct diag-
nosis, accurately assessing prognosis, and selecting appropriate and
targeted therapeutic options.

Renal tumors occur predominantly as a sporadic disease, but also
have familial forms. In the former, the kidney is affected by a solitary
renal nodule; in the latter, the kidney/s are affected by multiple and
bilateral neoplasms (Figure 1.58). Most genetic analyses show that
both sporadic and familial tumors arise as the result of the same
chromosomal abnormalities.

Clear cell renal cell carcinomas show a highly specific deletion of
chromosome 3p (Figure 1.59), which is considered one of the pri-
mary events in the development of this tumor. Allelic losses of 3p
have been mapped to three distinct chromosomal regions, 3p14
(FHIT gene), 3p21.3, and 3p.25, both in sporadic and hereditary
forms of this cancer. Mutation of the Von Hippel–Lindau syndrome
(VHL) gene (3p25) occurs exclusively in this type of renal tumor but
it is not associated with tumor stage or grade.96–100

Von Hippel–Lindau disease is a rare, autosomal dominant, famil-
ial cancer syndrome consisting chiefly of retinal angiomas, heman-
gioblastomas of the central nervous system, pheochromocytomas,
and clear cell renal cell carcinoma. In this disease, one VHL allele is
inherited with a mutation. Associated focal lesions, such as renal cell
carcinoma, arise from the inactivation or silencing of the remaining
normal (wild-type) VHL allele (Figure 1.60).101,102 Remarkably,
defects in the VHL gene also appear to be responsible for about 60%
of the cases of sporadic clear cell renal cell carcinoma.102–104

Papillary renal cell carcinoma is characterized by trisomy 
(Figures 1.61 and 1.62) of chromosomes 3q, 7, 8, 12, 16, 17, and 20
and loss of the Y chromosome; these most consistent genetic abnor-
malities are present in both solitary and multifocal papillary renal
cell carcinomas and they occur early in the evolution of this neo-
plasm.99,105–107 Some authors have suggested genetic differences
between type 1 and type 2; type 1 papillary renal cell carcinoma cases
seem to have a significantly higher frequency of allelic imbalance on
17q than type 2 cases, and type 2 cases a higher frequency of allelic

Figure 1.58
Multifocal papillary cell renal cell carcinoma: multiple
parenchymal tumors.
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Figure 1.59
Clear cell renal cell carcinoma: karyotype
showing loss of chromosome 3p.
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20 Clinical Pathology of Urologic Tumors

cell carcinoma with type 2 histologic features. Fumarate hydratase
gene, the gene that causes this autosomal dominant syndrome,
encodes fumarate hydratase, a Krebs-cycle enzyme.112–114

Chromophobe renal cell carcinoma is characterized by a combina-
tion of loss of chromosomes Y, 1, 2, 6, 10, 17, and 21 detected by
classic cytogenetic analysis (Figure 1.63), loss of heterozygosity,
comparative genomic hybridization, microsatellite markers, and
fluorescent in situ hybridization (Figure 1.64).115–118 Both classic and
eosinophilic variants of chromophobe renal cell carcinoma share the
same chromosomal losses.119 Sarcomatoid chromophobe renal cell
carcinomas are characterized by multiple chromosomal gains in
both epithelial and sarcomatoid components.

Birt–Hogg–Dubè syndrome is a genodermatosis inherited as an
autosomal dominant trait. This disorder is characterized by the

VHL gene on chromosome 3

VHL Mutation

CGG

del C

Normal

Mutated

Loss of VHL

Figure 1.60
The upper part of the figure illustrates the general mechanism
of VHL gene inactivation, consisting of the mutation of one
allele and the loss of the second. The lower part shows the VHL
mutation detected in a clear cell renal cell carcinoma that
consists of the deletion of one cytosine residue. (Courtesy of Prof
Aldo Scarpa, Department of Pathology, University of Verona.)
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Figure 1.61
Papillary renal cell carcinoma: karyotype showing gain of
chromosome 7.

Figure 1.62
Papillary renal cell carcinoma: interphase cytogenetics (FISH)
showing three fluorescence signals for chromosome 7.
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imbalance on 9p than type 1 cases.108,109 The c-Met proto-oncogene
mutation on chromosome 7 characterizes hereditary and a subset of
sporadic papillary renal cell carcinomas.101,110,111 Patients with the
hereditary leiomyomatosis and renal cell cancer syndrome are at risk
for cutaneous and uterine leiomyomas and solitary papillary renal

Figure 1.63
Chromophobe renal cell carcinoma: karyotyping showing
multiple losses of chromosomes.
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carcinoma seems highly suggestive in renal tumors occurring in
patients with Birt–Hogg–Dubè syndrome, some data obtained from
sporadic chromophobe renal cell carcinomas, sporadic oncocy-
tomas, and renal oncocytosis in patients without Birt–Hogg–Dubè
syndrome are not in accord with this hypothesis.122,123,125

Collecting duct renal carcinoma shows a high frequency (60%) 
of loss of heterozygosity in 1q32.1–32.2 by microsatellite analysis;
others have shown monosomies for chromosomes 1, 6, 14, 15, 
and 22.48,126

Renal oncocytoma falls into three categories, namely characterized
by normal karyotype (Figures 1.65 and 1.66), monosomy of chro-
mosomes 1 and/or 14, often with Y chromosome loss, and structural
abnormalities of 11q13 (Figure 1.67).119,127–130

Renal oncocytomatosis is a rare condition described by Warfel
and Eble in 1982.131 It is characterized by the presence of numerous
bilateral oncocytomas and oncocytic changes in the renal tubules.
Tickoo et al reported a group of patients with multiple oncocytic
lesions and they called this disease oncocytosis. Some of these
tumors had a morphology hybrid between oncocytoma and chro-
mophobe renal cell carcinoma, suggesting that these neoplasms can
be related and that chromophobe renal cell carcinoma can represent
a progression from oncocytoma.122

No consistent cytogenetic anomalies have been demonstrated in
metanephric adenoma. However, it has been shown that metanephric
adenoma lacks the gains of chromosomes 7 and 17 and the loss of Y
that are typical of papillary renal cell carcinoma and papillary ade-
noma; these data suggest that the supposed relationship between
metanephric adenoma and the papillary renal cell neoplasms is 
missing.132

Angiomyolipoma can be sporadic or occurring in patients with
tuberous sclerosis, a syndrome due to losses of TSC1 (9q34) or 
TSC2 (16p13.3) genes. Tuberous sclerosis is a complex disease 
characterized by mental retardation, seizures, and cellular pro-
liferation, including angiomyolipomas, subependymal giant cell
tumors, cutaneous angiofibromas, cardiac rhabdomyomas, lymph-
angioleiomyomatosis, and pulmonary multifocal micronodular
hyperplasia.62,133–135
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presence of multiple fibrofolliculomas on the skin of the head and
neck accompanied by acrochordons and trichodiscomas.120 Later,
pulmonary cysts with spontaneous pneumothorax and multifocal
renal tumors was recognized in patients affected by this syndrome.
The most common renal tumor was a hybrid tumor showing com-
bined zones of chromophobe renal cell carcinoma and oncocytoma
patterns. The other tumors were chromophobe renal cell carcinoma
(35%), clear cell renal cell carcinoma (9%), oncocytomas (5%), and
papillary renal cell carcinoma (2%).121,122

The gene responsible for this syndrome has been localized on
chromosome 17p11.2 by linkage analysis in Birt–Hogg–Dubè syn-
drome families and it encodes a protein called folliculin.123,124

Although the progression oncocytoma/chromophobe renal cell 

Figure 1.64
Chromophobe renal cell carcinoma: interphase fluorescence in
situ hybridization analysis showing loss of chromosome 17 in
neoplastic nuclei.

Figure 1.65
Renal oncocytoma: tumor showing normal
karyotype pattern.
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Renal carcinomas with Xp11 translocations have different types 
of translocation occurring in this chromosomal region. The most
common Xp11.2 translocations are the t(X;1)(p11.2;q21), which
fuses the PRCC and TFE3 genes, and the t(X;17)(p11.2;q25), which
fuses the ASPL and TFE3 genes. Other translocations are the t(X;1)
(p11.2;p34), fusing the PSF and TFE3 genes (Figure 1.68), the inv
(X)(p11;q12), fusing the NonO (p54nrb) and TFE3 genes, and the
t(X;17)(p11.2;q23), fusing the CLTC and TFE3 genes.72,73,136,137

Data regarding mucinous tubular spindle cell carcinomas indicate
various chromosomal losses and gains, but no loss of 3p or trisomy
7 and/or trisomy 17.80,81,138,139

Fluorescence in situ hybridization analyses of acquired cystic dis-
ease-associated renal cell carcinoma with centromeric probes showed
nuclei with three hybridization signals for chromosomes 1, 2, and 6,
but not for chromosomes 10 and 17, whereas no genetic data are
available regarding clear cell papillary renal cell carcinoma of the
end-stage kidneys.44,140

chromosome Xp11 TFE3

chromosome 1q34 PSF

t(X;1)(p11;q34) PSF-TFE3

Figure 1.66
Renal oncocytoma: interphase fluorescence in situ hybridization
showing two fluorescent signals on neoplastic nuclei for
chromosome 6.

Figura 1.67
Renal oncocytoma: 11q13 genetic rearrangement by interphase
cytogenetic using break-apart probes (SpectrumOrange and
SpectrumGreen probes spanning the 11q13 region).

Figure 1.68
Renal cell carcinoma with Xp11 translocation: an example of
t(X;1)(p11.2;q34), fusing the PSF and TFE3 genes.

MIKUZ_Ch01.qxp  8/2/2007  5:51 PM  Page 22



Part 4
Differential diagnosis and use of ancillary 
methods for diagnosis
Adequate sampling and a good understanding of the morphologic
features observed in the renal tumors usually minimize errors in
their recognition and diagnosis. Nonetheless, the distinction of indi-
vidual types, particularly in the category of renal cell neoplasms, can
sometimes be very difficult because of the overlapping morphologic
features, including variable cytoplasmic staining and architectural
patterns. This can be a problem in core needle biopsies of renal
masses (Figure 1.69), a procedure that is being increasingly per-
formed with the advent of new minimally invasive forms of thera-
pies, such as cryotherapy and diathermocoagulation, which require
a preoperative diagnosis.

The major differential diagnoses based on the common histologic
features include those tumors which display light-staining cyto-
plasm, those with eosinophilic granular cytoplasm, and those with
papillary, tubular, or tubulopapillary architecture. The first group of
neoplasms includes clear cell renal cell carcinoma, chromophobe
renal cell carcinoma, renal carcinomas associated with Xp11.2 and
6,11 translocations, clear cell papillary renal cell carcinoma in end-
stage kidneys, and epithelioid angiomyolipoma. The second group
gathers the eosinophilic variant of chromophobe renal cell carci-
noma, renal oncocytoma, clear cell renal cell carcinoma with large
areas showing granular cytoplasm, renal carcinoma associated 
with t(6;11), acquired cystic disease-associated renal cell carcinoma,
oncocytoma-like angiomyolipoma, and epithelioid angiomyolipoma.
The third group collects papillary renal cell carcinoma, metanephric
adenoma, mucinous tubular spindle cell carcinoma, and collecting
duct carcinoma.

In order to further define ambiguous cases falling in the groups
previously mentioned, it is necessary to apply new ancillary methods
such as immunohistochemical and cytogenetic analyses.

In the recent literature numerous new immunohistochemical
markers have been studied in the different renal histotypes and a
large amount of data have been collected on this topic.

Among the broad spectrum of immunomarkers suggested in 
the literature, we propose a panel including CD10, parvalbumin,
antiracemase, cytokeratin 7, and S100A1 (Figures 1.70 and 1.71)141

as the most promising and accurate diagnostic. HMB45 and, in par-
ticular circumstances, WT1, TFE3, and TFEB can be useful.

CD10 is a cell surface metalloproteinase, expressed by hema-
tolymphoid and non-hematolymphoid tissues including the normal
proximal nephron. It can be recognized in the majority of clear cell
and papillary renal cell carcinomas, and a minority of chromophobe
renal cell carcinomas and oncocytomas, and therefore may be useful
in the distinction between these tumor types.142–144

Figure 1.69
Renal biopsy of a cortical renal mass: 1.4 cm core biopsy of
neoplastic renal tissue available in formalin-fixed and paraffin-
embedded tissue.

Figure 1.70
Renal cell epithelial neoplasms (major histotypes):
immunohistochemical panel including CD10, parvalbumin,
racemase, CK7, and S100A1. Clear cell renal cell carcinoma (A),
CD10+ (B), PV� (C), papillary renal cell carcinoma (D), CD10+
(E), CK7+ (F), chromophobe renal cell carcinoma (G), PV+ (H),
S100A1 � (I), renal oncocytoma (J), PV+ (K), CK7– (L).

MIKUZ_Ch01.qxp  8/2/2007  5:51 PM  Page 23



24 Clinical Pathology of Urologic Tumors

Parvalbumin is a cytosolic calcium-binding protein that is localized
to the normal distal nephron. It is present in all chromophobe renal
cell carcinomas and in a large percentage of oncocytomas142 and
acquired cystic disease-associated renal cell carcinomas, but it is con-
stantly absent in clear cell and papillary renal cell carcinomas.50,145–147

Antiracemase stained all the papillary renal cell carcinomas 
and is almost constantly absent in metanephric adenomas, oncocy-
tomas, and clear cell and chromophobe renal cell carcinomas.148–150

However, mucinous tubular and spindle cell carcinomas and acquired
cystic disease-associated renal cell carcinomas are positive for this
marker.44,138,151

CK7 is commonly expressed by papillary and chromophobe 
renal cell carcinomas and clear cell papillary renal cell carcinomas in
end-stage kidneys, whereas a limited number of oncocytomas can
show immunoreactivity for this marker in scattered neoplastic
cells.146 Finally CK7 expression is very limited in clear cell renal cell
carcinoma.27,152

S100A1 is another calcium-binding protein whose expression
seems very useful in the differential diagnosis between chromo-
phobe renal cell carcinomas and oncocytomas. Ninty-two percent 
of oncocytomas are positive for this marker, whereas 96% of 
chromophobe renal cell carcinomas do not stain for it.153 The
Wilms’ tumor (WT) gene WT1 encodes a transcription factor
demonstrated to be expressed in metanephric adenoma, but not in
papillary renal cell carcinoma or mucinous tubular spindle cell car-
cinoma.149,154 HMB45 is a well-recognized marker for all the variants

of angiomyolipoma.66,69,155 However, recently its expression has been
demonstrated in carcinomas with t(6;11)76 and rarely in those with 
Xp11 translocation.156 In this particular differential diagnosis the
immunohistochemical analysis with antibodies recognizing TFEB
and TFE3 can be very useful.

The immunohistochemical method should be applied with par-
ticular attention because of the high levels of endogenous biotin
found in normal renal parenchyma and numerous renal neoplasms.
Moreover the use of a panel of antibodies is preferred over a single
stain, and immunohistochemical results must be interpreted in light
of the morphologic findings.

The classic cytogenetic analysis can be useful in the differential
diagnosis of particular tumors.99 However, it is limited for practical
histopathologists and this method has to be applied at the beginning
of the study of every renal tumor in the routine practice. Recently,
fluorescence in situ hybridization on formalin fixed, paraffin
embedded tissues, using centromeric probes to evaluate the gains
and losses of the chromosomes, has been proposed as a useful diag-
nostic tool in selected diagnostic problems such as oncocytoma 
versus chromophobe renal cell carcinoma,119 papillary renal cell
neoplasms versus metanephric adenoma, or mucinous tubular spin-
dle cell carcinoma, and acquired cystic disease-associated renal cell
carcinoma,132,138 and the other tumors with pink granular cytoplasm
(oncocytoma, eosinophilic variant of chromophobe renal cell carci-
noma, papillary renal cell carcinoma type 2, and clear cell renal cell
carcinoma with extensive granular areas).44

Histotype
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Figure 1.71
Immunohistochemical panel suggested
in routine differential diagnosis of the
most frequent renal epithelial
histotypes.
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Part 5
Principles of staging and grading

Staging
In 1958 Flocks and Kadesky proposed the first classification of renal
cell carcinoma according to the anatomic extension of tumors:
tumors limited to the renal capsule (stage I), invasion of the renal
pedicle and/or renal fat (stage II), regional lymph node involvement
(stage III), and demonstrable distant metastasis (stage IV).157,158

In 1969 Robson et al proposed a new staging system grouping all
localized renal cell carcinomas in a single group (stage I) and distin-
guished the tumors infiltrating perirenal fat (stage II), involving the
gross renal vein or inferior vena cava (stage 3A), or lymph nodes
(stage 3B), from those extending outside the Gerota’s fascia (stage
IVA) or with distant metastasis (stage IVB).159

This staging system was widely used until the early 1990s, when it
was progressively replaced by the tumor nodes metastasis (TNM)
system proposed by the Union International Contre le Cancer
(UICC) and the American Joint Committee on Cancer (AJCC).

Renal cell carcinoma found a place in the second edition of TNM
published by the UICC in 1974. Figure 1.72 summarizes the main

changes adopted by UICC/AJCC to obtain a better patient stratifica-
tion and to distinguish more efficaciously subgroups of patients
with different prognoses.159a Figure 1.73 shows the TNM stage
grouping according to the latest 2002 version.159b

The latest version of the TNM staging system introduced a sub-
classification of stage I renal cell carcinoma into two subgroups,
applying the breakpoint of 4 cm: T1a �4 cm; T1b �4 cm but
�7 cm. This update was mainly aimed at an easier clinical identifi-
cation of the patients suitable for elective nephron-sparing surgery.
In 1999, Hafez et al published the data on 485 patients who had
undergone nephron-sparing surgery at the Cleveland Clinic, reporting
10-year cancer-specific survival rates of 90% for patients in the �4 cm
subgroup, 71% in the 4.1–7 cm and 62% subgroup, �7 cm.158

This issue had been assuming a greater relevance, considering 
the major increase in the percentage of incidentally detected kidney
cancers, which paralleled the higher number of �4 cm renal cell 
carcinomas suitable for elective nephron-sparing surgery. A recent
multicenter, multinational, European study showed that the 2002
TNM version allowed stratification of localized renal cell carcinomas

Tumor classification

T1 Tumor ≤ 2.5 cm, limited to kidney Tumor ≤ 7 cm, limited to kidney

Tumor ≤ 4 cm, limited to kidney

Tumor > 4 cm ≤ 7 cm, limited to kidney

Tumor > 2.5 cm, limited to kidney Tumor > 7 cm, limited to kidney Tumor > 7 cm, limited to kidney

Perinephric or adrenal extension Perinephric or adrenal extension Perinephric or adrenal extension

Renal vein involvement Renal vein or vena cava involvement
below diaphragm

Renal vein or vena cava involvement
below diaphragm

Vena cava involvement below diaphragm Vena cava involvement above diaphragm Vena cava involvement above diaphragm

Outside Gerota’s fascia

Outside Gerota’s fascia Outside Gerota’s fascia

Vena cava involvement above diaphragm

Tumor extends into major veins or
invades adrenal or perinephric tissues but
not beyond Gerota’s fascia

Tumor extends into major veins or
invades adrenal or perinephric tissues but
not beyond Gerota’s fascia

Tumor extends into major veins or
invades adrenal or perinephric tissues but
not beyond Gerota’s fascia

T1a

T1b

T2

T3

T3a

T3b

T3c

T4

T4a

T4b

1987 TNM 1997 TNM 2002 TNM

Figure 1.72
Tumor classification in TNM staging systems for renal cell carcinoma.
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into subgroups with significantly different disease-specific survival
rates160 (Figure 1.74).

The pathologic stage of renal cell carcinoma is the most impor-
tant predictor of survival. Five-year cause-specific survival of
patients with localized disease has been reported to range from 90 to
100% for stage I (T1N0M0) and from 74 to 95% for stage II
(T1N0M0).161–163 Survival data from a multicenter European study
showed that 5-year and 10-year disease-specific survival probabilities
were 95.3% and 91.4%, respectively, for patients with pT1a tumors;
91.4% and 83.4%, respectively, for patients with pT1b tumors, and
81.6% and 75.2%, respectively, for patients with pT2 tumors (log
rank p value �0.0001). Moreover, this study demonstrated that the
application of the 2002 TNM staging system allowed statistically 
significant stratification of the cancer-related outcome in the sub-
group of patients with clear cell renal cell carcinoma (log rank 
p value �0.0001). Conversely, the 2002 TNM staging system did not
appropriately stratify the cancer-related outcome of the patients
with papillary renal cell carcinoma (log rank p value � 0.08).163

The invasion of perinephric or renal sinus fat and/or the ispilat-
eral adrenal gland, renal vein or inferior vena cava involvement, 

and the presence of metastasis in a single lymph node (stage III) 
significantly worsen prognosis. The 5-year cause-specific survival 
of patients with stage III renal cell carcinoma ranges from 60 to
70%.161,164 In particular, perinephric or renal sinus fat invasion
causes a 15–20% reduction in survival in comparison with organ-
confined tumors. In this subgroup of patients, 5-year cancer-specific
survival decreases to 51–68%.163,164

Neoplastic extension to the renal vein or to the inferior vena 
cava is found in 10–20% and 4–10% of the cases, respectively. In a
high number of patients, venous involvement is associated with the
simultaneous presence of local invasion by the primary tumor and
involvement of regional lymph nodes. Moreover, cranial extension
of the tumor thrombus into the vena cava is reported to be associ-
ated with a higher probability of metastatic spread.

Complete removal of the tumor thrombus in patients without
other prognostic factors is associated with 5-year cause-specific sur-
vival rates of 47–68%. Survival rates dramatically decrease in the
patients with positive lymph nodes or distant metastases to figures
lower than 20%. An additional negative prognostic factor in this
stage of the disease is the infiltration of the venous wall by the 
neoplastic thrombus. In this subcategory of patients the 5-year 
cancer-specific survival is reduced to 25%. However, surgical
removal of the caval infiltrated segment could increase the 5-year
survival rate to 57%.163–165

The involvement of regional lymph nodes affects survival more
than previous anatomic prognostic factors. The 5-year cancer-
specific survival rate in patients with lymph node involvement is
only 8–35%. Metastatic spread of the disease is the worst prognostic
factor. The 5- and 10-year cancer-specific survival rates are 5–10%
and 0–7%, respectively. Patients with a single metastasis have a bet-
ter long-term prognosis.166,167

Despite all the implemented and proposed modifications, the
optimal stratification of renal cell carcinoma patients in the context
of the TNM staging system is still controversial, both for localized
and locally advanced tumors.

Some authors proposed an ideal breakpoint ranging from 4.5 to
5.5 cm to stratify outcomes in patients with confined renal cell car-
cinoma.166 Moreover, in addition to tumor size, data supported the
integration of symptoms into the primary tumor classification. Data
from a multicenter European database, which analyzed clinical
records of 1138 patients with a mean follow-up duration of 87
months after partial or radical nephrectomy, showed that confined
renal cell carcinoma should be subdivided into three subgroups
according to tumor size and mode of presentation:

1. patients with �5.5 cm incidentally detected renal cell carcinoma
(Figure 1.75);

2. patients with �5.5 cm symptomatic renal cell carcinoma; and
3. patients with �5.5 cm renal cell carcinoma.

Stage T
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T1,T2,T3
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Any T
Any T
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M0

M0
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N1

M

Stage I

Stage II
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Stage IV

Figure 1.73
TNM stage grouping according to 2002
version.
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Figure 1.74
Comparison of disease-specific survival probabilities stratified by
pathologic status (2002 TNM version). The 10-year disease-
specific survival probabilities were 91% for patients with pT1a,
83% for patients with pT1b, and 75% for patients with pT2 (from
Cancer 2005; 104: 968–74).160
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The authors proposed changing the classification of localized
renal cell carcinoma according to this last finding.168

Moreover, refinements remain to be performed for pT3 tumors.
Local tumor extension into the ipsilateral adrenal gland is currently
classified as pT3a, as well as renal cell carcinoma invading peri-
nephric or renal sinus fat. Many studies suggested that renal cell car-
cinoma with direct ipsilateral adrenal invasion behaved more
aggressively than tumors involving perinephric or renal sinus fat.169

Moreover, the renal cell carcinomas invading the adrenal gland had
similar outcomes to those of the patients with tumors extending
beyond Gerota’s fascia or into adjacent organs. Recently, it has been
proposed to classify them as pT4.170,171

For renal sinus fat invasion only, it has not been established
whether this carries the same prognostic information as does peri-
nephric fat invasion. The renal sinus contains a large number 
of veins and lymphatics. Tumor invasion into this compartment
might permit a higher potential dissemination compared to the
extension into the perinephric fat, where veins and lymphatics are
less abundant.172

A recent analysis of 205 patients without direct adrenal invasion,
who had undergone radical nephrectomy for pT3a clear cell carci-
noma, highlighted that tumors invading the renal sinus fat were
more aggressive than those with perinephric fat involvement.169

Another critical point in the TNM classification concerns
patients with venous involvement. The 2002 TNM version does not
distinguish between patients with tumor thrombus involving the
renal vein only, and those with inferior vena cava tumor thrombus
below the diaphragm (pT3b). In a series of 422 pT3b patients, Lei-
bovich et al demonstrated that patients with thrombus involvement
of the renal vein only were less likely to die from renal cell carcinoma

than patients harboring a larger tumor thrombus burden.171 More-
over, the primary tumor classification made no distinction accord-
ing to the level of IVC thrombus below the diaphragm. Data from
Moinzadeh and Libertino showed that the level of tumor thrombus
into the inferior vena cava did not significantly affect long-term 
survival.172 The most relevant finding regarding venous involvement
is that patients with tumor thrombus in the inferior vena cava below
the level of the diaphragm have a significantly decreased survival
compared to those with tumor thrombus in the renal vein.

Even the classification of the lymph node (N) parameter has
undergone several changes over the years. The most important con-
troversy concerned the ability to stratify patients with lymph node
involvement in different prognostic categories. The 2002 regional
lymph node classification for renal cell carcinoma is based on the
number of positive hilar, abdominal para-aortic, and paracaval
lymph nodes that are identified during lymphadenectomy. How-
ever, some authors suggested that outcome is not significantly dif-
ferent between patients with pN1 and pN2 disease.173,174

Recently, Terrone et al proposed reassigning pN substratification
according to either a cut-off of four positive lymph nodes or 60%
lymph node density.174 In contrast, the Mayo Clinic team suggested
that notation regarding the presence or absence of extranodal 
extension improves the prognostic accuracy of the current regional
lymph node classification. In fact, extranodal extension provides
prognostic information in carcinomas at other sites such as breast,
head, and neck.173

For adequate M-staging of patients with renal cell carcinoma the
abdominal CT and MRI are recommended. Moreover, a plain chest
X-ray can be sufficient for assessment of the lung in low-risk
patients also if chest CT is considered most sensitive. Bone scan and
brain CT are indicated only in symptomatic patients.175

Grading
In 1932, Hand and Broders were the first to report a relationship
between histologic grade and cancer-specific survival in patients
with renal cell carcinoma, showing that patients with high-grade
renal cell carcinoma were more likely to die, and died sooner after
diagnosis than those with low-grade tumors.175a After the proposals
of Arner et al in 1965, Skinner et al in 1971, and Syrjanen and Hjelt
in 1978, Fuhrman et al proposed a new grading system in 1982.176

The system was based exclusively on the nuclear features of renal cell
carcinoma cells. Figure 1.76 summarizes the characteristics of the
different grading systems available in renal cell carcinoma.

The Fuhrman nuclear grading system is used by most uropathol-
ogists in North America and Europe. Such widespread diffusion and
popularity are attributable primarily to the system’s simplicity and
its proven correlation with other pathologic variables. This four-
tiered grading system is essentially based on nuclear size and mor-
phology and on the presence or absence of nucleoli.

Grade 1 tumors consist of cells with small (approximately 10
�m), round, uniform nuclei with inconspicuous or absent nucleoli
(Figure 1.77); Grade 2 tumors have larger nuclei (approximately 
15 �m) with irregular morphology and small nucleoli when exam-
ined under high power (�400 magnification); Grade 3 tumors have
even larger nuclei (approximately 20 �m) with irregular outlines
and large, prominent nucleoli that are evident even at low power 
(�100 magnification); and Grade 4 tumors differ from Grade 3
lesions in that they contain bizarre, multilobed nuclei and heavy
chromatin clumps (Figure 1.78).
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Figure 1.75
Cancer-specific survival stratified by the 5.5 cm tumor size and
symptom classification. The 10-year cancer-specific survival
probabilities were 91% in the first group (black curve), 83% in
the second group (red curve), and 73.5% in the third group
(green curve) (from Cancer 2005; 15: 104: 2116–23).

MIKUZ_Ch01.qxp  8/2/2007  5:52 PM  Page 27



28 Clinical Pathology of Urologic Tumors

Arner system (1965)

Skinner system (1971)

Syrianen and Hjelt system (1978)

Each of the above categories is divided into “A”, well demarcated and “B”, poorly demarcated

Fuhrman nuclear grading system (1982)

Thoenes system (1986)

Delahunt ad Nacey system (1987)

Mayo Clinic “standardized nuclear grade” (2000)

- grade 1: tumor cells with small (approximately 10 µm), round nuiform nuclei without nucleoli
- grade 2: tumor cells with larger nuclei (approximately 15 µm), with irregularities in
                outline and nucleoli when examined under high power (400 x)   
- grade 3: tumor cells with even larger nuclei (approximately 20 µm), with an obviously irregular
                outline and prominent larger nucleoli even at low power (100 x)
- grade 4: tumor cells with bizarre, multilobed nuclei and heavy clumps of chromatin

- grade 1: small nuclei, similar to normal tubular cell nuclei; chromatic delicate or condensed up to pyknosis  
- grade 2: larger nuclei, varying moderately in size and shape  
- grade 3: highly enlarged nuclei, polymorphous or spindle-shaped, varying in size up to giant nuclei. Chromatin highly coarsened
                Single or multiple nucleoli, mostly extremely enlarged. Frequent mitoses, often atypical

- grade 1: small nuclei, indistinguishable from normal tubular cell nuclei
- grade 2: slightly irregular, frequently pyknotic, but no nucleoli
- grade 3: large, irregular, pleomorphic nuclei with prominent nucleoli
- grade 4: extremely bizarre nuclei

- grade 1: spherical nuclei of equal size, delicate chromatin, inconspicuous nucleoli, rare mitoses
- grade 2: slightly larger spherical nuclei with distinct nucleoli and a few scattered mitoses
- grade 3: prominent anisonucleosis and nucleoli, frequent mitoses
- grade 4: many bizarre nuclei and frequent mitoses; frequent spindle-shaped cells

- grade 1: Well differentiated, well demarcated, no polymorphism
- grade 2A: Moderately differentiated, locally circumscribed, not necessarily capsulated
- grade 2B: Poorly circumscribed but not infiltrating, marked polymorphism, mitoses present
- grade 3: Poorly differentiated, markedly pleomorphous, infiltrating, tumor found in capillaries

- grade 1: small nucleus, uniform in size and shape; small nucleolus, round and basophilic
- grade 2: moderate grade of variation in nucleous size and shape, with some angularity of the nuclear margins; chromatin
                clumping at the nuclear membrane. Brightly eosinophilic nucleolus prominent within the nucleus
- grade 3: pronounced variation in nucleus size, with giant forms and/or multinucleate tumor giant
                cells. Large and angulated nucleolus, with multiple nucleoli in the same nucleous

- grade 1: tumor cells with small, round nuclei, with inconspicuous nucleoli (visible at 400x)
- grade 2: tumor cells with round to slightly irregular nuclei, with mildly enlarged nucleoli (visible at 200x)
- grade 3: tumor cells with round to irregular nuclei, with prominent nucleoli visible at 100 x
- grade 4: tumor cells with enlarged, pleomorphic or giant cells.

Figure 1.76
Grading systems proposed for renal cell carcinoma. Reproduced with permission from Novara G, Martignoni G, Artibani W, Ficarra V.
Grading systems in renal cell carcinoma. J Urol 2007; 177 (2): 430–6.

Figure 1.77
Clear cell renal cell carcinoma. Fuhrman Grade 1.

Figure 1.79 summarizes cancer-specific survival probabilities
stratified by tumor grades as reported in the most relevant published
papers. In 2000, Tsui et al reported on 643 renal cell carcinoma
patients treated at UCLA with both radical and partial nephrectomy,
finding significant survival differences both between grade 1 and
grade 2 and between grade 2 and grade 3–4 tumors. In addition, the
paper confirmed the correlation of nuclear grade and pathologic
stage, there being 91% of grade 1 or 2 renal cell carcinomas in stage
I and 61% of grade 3 or 4 cancer in stage IV, respectively.177

In 2001, Ficarra et al analyzed 333 patients who had undergone
radical nephrectomy for renal cell carcinoma and confirmed the
correlation between Fuhrman nuclear grade and the other patho-
logic variables, such as pathologic stage of the primary tumor,
pathologic lymph node involvement, presence of metastases, and
invasion of the venous system. Moreover, the authors showed that
the survival probabilities of grade 1 and grade 2 tumors were over-
lapping, while a significantly different outcome was registered
between grade 1–2, grade 3, and grade 4 neoplasms.178

Similar survival figures were reported by Frank et al, who ana-
lyzed 1801 patients treated at the Mayo Clinic for clear cell renal cell
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carcinoma. After a mean follow-up period of almost 10 years, the
authors showed similar survival rates for grade 1 and 2 tumors,
which were significantly better than those of grade 3.179

No paper showed unequivocally the independent predictive value
of nuclear grading systems regardless of pathologic tumor stage
until 2000, when the UCLA team reported a multivariate analysis of
the prognostic factors in renal cell carcinoma using the Cox propor-
tional hazard model. The authors generated a multivariate model
including Eastern Cooperative Oncology Group performance status,
stage of the primary tumor according to the 1997 TNM staging sys-
tem, overall TNM pathologic stage, and nuclear grade. The Fuhrman
nuclear grading system, after clustering grades 3 and 4, proved to be
an independent predictor of cancer-specific survival (p � 0.001) as
well as the overall 1997 pathologic stage (p � 0.001).177

In 2001, Ficarra et al reported a multivariate model including
only pathologic variables. The Fuhrman nuclear grading system
proved significant after grouping grades 1 and 2 (p � 0.002), and 
T stage (p � 0.0001), N stage (p � 0.009), and M stage (p � 0.0001)
were also statistically significant.178

In 2002, the Mayo Clinic team provided a Cox proportional 
hazard model using bootstrap methodology. Also in this case 
after combining grades 1 and 2, nuclear grading turned out to be 
an independent predictor of cancer-specific survival, with a risk
ratio of 1.50 (p � 0.001) and 3.01 (p � 0.001) for grades 3 and 4,
respectively.179

Figure 1.78
Clear cell renal cell carcinoma. Fuhrman Grade 4.
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Cancer-specific survival
probabilities stratified by nuclear
grade. Critical literature analysis.
Reproduced with permission
from Novara G, Martignoni G,
Artibani W, Ficarra V. Grading
systems in renal cell carcinoma.
J Urol 2007; 177(2): 430–6.
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To our knowledge, only a few papers have demonstrated a signif-
icant prognostic value for the Fuhrman system without clustering
groups of patients with different grades.

Ficarra et al reported 1446 renal cell carcinomas treated with both
radical nephrectomy and nephron-sparing surgery at two Italian
urologic centers. The 5- and 10-year cancer-specific survival rates
were 86.1% and 77.2% for grade 1, 79.7% and 67.7% for grade 2,
59.4% and 45.9% for grade 3, and 29.4% and 18.5% for grade 4
renal cell carcinoma, respectively. Patients with grade 1 had better
survival rates than those with grade 2 renal cell carcinoma (p � 0.02).
Similarly, the curve of grade 2 cancer was significantly different from
that of grade 3 (p � 0.0001) and, likewise, the curve of grade 3 from
that of grade 4 (p � 0.0001) tumors (Figure 1.80).

Multivariate analysis confirmed the independent predictive 
value of the Fuhrman nuclear grading system (p � 0.001), as well as
of the pathologic stage (p � 0.001), pathologic size (vs �4 cm; 
p � 0.003), venous involvement (p � 0.001), and mode of presenta-
tion (p � 0.001). However, although the survival difference between
grade 1 and grade 2 tumors was statistically significant, the data
might be clinically irrelevant. The univariate analysis demonstrated
only a 10% difference in 10-year cancer-specific survival, which
might have turned out statistically significant only because of the
extremely high number of censored cases rather than because of a
clinically relevant difference.5 Similarly, Patard et al published a
large multicenter study, including more than 4000 patients from
eight international, academic centers, from Europe and the USA.
The study was focused on the assessment of the independent predic-
tive value of tumor histologic subtypes. In univariate analysis,
Fuhrman nuclear grades were statistically significant, with 5- and
10-year cancer-specific survival rates of 89.1% and 81% for grade 1;
72.1% and 56.5% for grade 2; 49.8% and 30.1% for grade 3; and

28% and 18.8% for grade 4 tumors (p � 0.0001). Moreover, the
Fuhrman nuclear grading system was shown to be an independent
predictor of cancer-specific survival in multivariate analysis, as well
as TNM stage and ECOG performance status.180

The reported 5-year cancer-specific survival probabilities accord-
ing to Fuhrman nuclear grading are extremely variable: 50 to 100%
in grade 1; 30 to 94% in grade 2; 10 to 80% in grade 3, and 9 to 66%
in grade 4 tumors. The wide variability of the reported data could be
explained in several ways.

First of all, many authors pointed out the moderate interobserver
reproducibility of the Fuhrman nuclear grading system. Lanigan 
et al were the first to analyze the level of agreement among four
pathologists assigning renal cell carcinoma grades according to 
four different systems (Arner, Skinner, Syrjanen-Hjelt, and Fuhrman
systems). The interobserver agreement was shown to be moderate
for all systems.181

In the larger study in the field, Lohse et al compared original
nuclear grades assigned at the moment of the initial pathologic diag-
nosis to the standardized grades reassigned after slide review of more
than 2000 cases at the Mayo Clinic. The paper provided separate
analyses for clear cell, papillary, and chromophobe renal cell carci-
nomas. Among clear cell renal cell carcinoma, the nuclear grade
remained unchanged on review in 56.3% of cases, while it was
upshifted in 35.2% by one or more grades and downshifted in 8.4%.
Among papillary histologic subtypes, 49% of original grades were
reconfirmed, while 44.1% and 6.8% were upshifted and down-
shifted, respectively. Similarly, among chromophobe tumors, 55%,
38%, and 7% were confirmed, upgraded, and downgraded on
review, respectively. More importantly, the authors demonstrated
for each histologic subtype that the revised nuclear grades were pow-
erful predictors of cancer-specific survival, also after adjusting for
the 1997 TNM stage.182

In a similar European study, Ficarra et al compared original and
reviewed Fuhrman nuclear grading in a series of 388 conventional
clear cell renal carcinomas. The concordance was moderate, with
original grade 1 tumors upshifted by one grade in 38.7% of cases, by
two in 18.9%, and by three in 2.7%. The original grade 2 tumors
were upgraded by one grade in 34% of cases and by two in 4.3%.
Original grade 3 and grade 4 tumors remained unchanged in 73.1%
and 89.3% of cases, respectively.183

Again, the variability of the cancer-specific survival probabilities
stratified by grade could depend on the heterogeneity of renal cell
carcinoma, which often presents areas with different grades in the
same tumor. Al-Aynati et al reported the presence of more than one
grade even in 53% of cases, with heterogeneity being the rule more
than the exception.184 Hence, some pathologists would upgrade a
grade 2 tumor according to a small focus of higher grade nuclei
detected at high power, while others would resist this temptation.
Although nuclear grade should be based on the worst identified
area, there is still a lack of consensus about the minimal size in order
to be considered significant. The Mayo Clinic group proposed record-
ing the highest grade occupying at least one high-power field.182

Thirdly, suboptimal tissue fixation, different fixation solution,
and fixation protocols can markedly affect nuclear grading attribu-
tion. After suboptimal fixation, Goldstein reported nucleoli dis-
appearance and chromatin modification being coarser and less
hyperchromatic, which might cause grade migration.185

An additional explanation of the variability of the reported 
cancer-specific survival probabilities is the histotype. Although
UICC and AJCC recommended assignment of nuclear grades only
in clear cell and papillary renal cell carcinomas, most of the papers
presented data on series including all histologic subtypes of renal cell
carcinoma, without stratification.
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Figure 1.80
Cancer-specific survival probabilities according to Fuhrman
nuclear grade. Analysis performed on 1188 renal cell carcinoma
patients who undergone radical or partial nephrectomy at
Verona and Padua University (Italy).5 (G1=blue; G2=green;
G3=Yellow; G4=Violet).
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In a large series from the Mayo Clinic, Cheville et al underlined
the survival difference among different histotypes. Stratifying by his-
tologic subtype and nuclear grade, overlapping survival probabilities
were shown between grade 1 and 2 tumors, regardless of tumor his-
tologic subtype. Similarly, patients with grade 3 clear cell renal cell
carcinoma had a worse outcome than both grade 3 papillary and
chromophobe renal cell carcinomas, while the prognosis was poor
for grade 4 renal cell carcinoma of any histologic subtype.186

With the intent to improve the prognostic accuracy of nuclear
grade, nuclear morphometry has been developed. With the use of
computer imaging technology, image-based morphometry aims at
assessing quantitatively nuclear descriptor factors such as nuclear
diameters, nuclear perimeter, nuclear area, roundness factor, and
nucleolar area. Although a few papers have shown the prognostic
relevance of nuclear morphometry, this methodology has not
gained wide acceptance.

Other morphologic 
prognostic factors
Other important morphologic prognostic factors are histologic sub-
type, tumor necrosis, presence of sarcomatoid features, and collect-
ing system invasion.

Histologic subtype
Although molecular studies have extensively clarified the existence
of genetic differences among the different morphologic variants of

renal cell carcinomas, the independent prognostic value of the his-
totype remains controversial (Figure 1.81).

In 1999, Ljungberg et al were the first to observe significantly dif-
ferent cancer-specific survivals in the three main renal cell carci-
noma histotypes. In that series, patients with chromophobe renal
cell carcinomas had significantly longer survival, compared with 
the patients with conventional clear cell renal cell carcinomas, as 
did patients with papillary renal cell carcinoma.187 Also Moch et al
showed that patients with chromophobe renal cell carcinoma had 
a significantly improved prognosis, compared with patients with
clear cell carcinoma. In contrast, they did not find significant 
differences in outcome between patients with chromophobe and
papillary renal cell carcinoma.188 The prognostic role of the histo-
logic subtype classification was also confirmed on univariate analy-
sis by Amin et al in 2002. Nevertheless, in this study the histologic
subtype did not turn out to be statistically significant on multivari-
ate analysis.189

TNM stage, nuclear grade, and tumor necrosis were independent
predictive factors of cancer-specific survival. A possible statistical
explanation is that, given the predominance of clear cell renal cell
carcinoma in most surgical series, differences in cancer-specific sur-
vival probabilities among the main histologic subtypes of renal cell
carcinoma cannot be evaluated easily when stratified by tumor stage
and nuclear grade. In a large series of 2528 patients from the Mayo
Clinic, Cheville et al reported that patients with conventional renal
cell carcinoma had a significantly poorer outcome, compared with
patients with tumors of the two other types, even when the analysis
was adjusted for TNM stage and nuclear grade. Also, in that series
no survival difference was observed between papillary and chromo-
phobe renal cell carcinoma.186

In 2005 Patard et al published a retrospective, multicenter study,
analyzing 4063 patients surgically treated for renal cell carcinoma in
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Figure 1.81
Frequency of different histologic subtypes and cause-specific survival in the published series. Reproduced with permission from
reference 190.
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six European and two American centers. The authors of that study
observed significantly higher cancer-specific survival for patients
with chromophobe renal cell carcinoma than for patients with both
papillary and conventional renal cell carcinoma. Disease-specific
survival in the two main histologic subtypes proved to be similar,
both in the subgroups of patients with localized as well as metastatic
renal cell carcinoma. On multivariate analysis only pathologic stage,
nuclear grading, and ECOG performance status were independent
prognostic values. The authors recognized the absence of a central-
ized pathologic slide review as the main limitation of their study. 
In fact, even though every participating center had its diagnoses
reported by a limited number of experienced uropathologists, it was
not possible to state with certainty that the different centers used the
same criteria in assigning the different histotypes.180

These two large studies have an important methodologic differ-
ence in the pathologic evaluation: in the paper from the Mayo
Clinic, a single pathologist reviewed all the pathologic slides to reas-
sign the histotype, while there was no centralized slide review in
Patard’s multicentric series.

Concordance between the original histologic classification and
the histotype assigned after slide revision can be significantly
affected by the year of treatment.190 In our experience, a moderate
concordance index was shown for the tumors diagnosed between
1984 and 1997, while we demonstrated an almost perfect concor-
dance between original and reviewed histotype for the neoplasms
observed after 1997. In our experience, after revision of the patho-
logic slides by a single experienced uropathologist, concordance
with the initial diagnosis was 88.1% for conventional renal cell 
carcinomas treated before 1997 and 93% for those operated on

thereafter. Moreover, the most relevant data were that the concor-
dance rate between initial diagnoses and those reported after revi-
sion in the papillary renal cell carcinoma subgroup increased from
71.4% in the 1984–97 period to 91% in the following period. More-
over, histologic subtype reassignment allowed a better prognostic
stratification of the three most frequent histotypes. Patients with con-
ventional renal cell carcinoma had a lower cancer-specific survival
than those with papillary and chromophobe renal cell carcinoma,
while no significant difference was reported between papillary and
chromophobe renal cell carcinoma (Figure 1.82). Specifically, the
subgroup of patients with locally advanced (pT3–4) or high-grade
(G3–4) conventional renal cell carcinoma had lower cancer-specific
survival probabilities, compared with those with papillary and chro-
mophobe renal cell carcinoma.190

Presence of sarcomatoid features
The presence of sarcomatoid differentiation in renal cell carcinoma
(Figure 1.83) is associated with a median survival of less than 1
year.31,191 In cases of renal cell carcinoma with sarcomatoid features,
de Peralta-Venturina et al reported 5- and 10-year survival rates of
22% and 13%, respectively. Although these authors reported an
association between the amount of sarcomatoid differentiation and
outcome in a univariate setting, this difference was not statistically
significant after adjusting for stage.31 Other authors have not identi-
fied a significant association, even in univariate analysis.191,192

The Mayo Clinic team reported cancer-specific survival rates at 2
years following surgery for patients with clear cell, papillary, and
chromophobe renal cell carcinoma with sarcomatoid differentiation
(Figure 1.84) of 30%, 40%, and 25%, respectively, compared with
84%, 96%, and 96%, respectively, for patients with clear cell, papil-
lary, and chromophobe renal cell carcinoma without sarcomatoid
differentiation.173
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Figure 1.82
Cancer-specific survival according to the reviewed histologic
subtypes (log-rank p value was 0.009). Patients with
conventional RCC (red curve) had the worst cancer-related
outcome, compared with the patients with papillary (blue curve;
p � 0.03) or chromophobe RCC (green curve; p � 0.01). No
statistically significant difference was observed between the
prognosis of papillary and chromophobe RCC (p � 0.13).190

Figure 1.83
Clear cell renal cell carcinoma with sarcomatoid transformation:
macroscopic appearance of a whitish-gray bulging tumor.
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Histologic tumor necrosis
The limited number of studies that have examined necrosis as a
potential prognostic variable, the potential different impact of
necrosis by histologic subtype, and the multiplicity of definitions 
of necrosis represented the main factors that explained the lack of
recognition of tumor necrosis as a prognostic variable for renal cell
carcinoma.193

The most common form of necrosis observed in renal cell carci-
noma tumors is coagulative necrosis (Figure 1.85), characterized by
homogeneous clusters and sheets of dead and degraded tumor cells
that coalesce into an amorphous coagulum. This form of histologic
coagulative necrosis produced an independent predictor of malig-
nant progression and death from cancer in clear cell carcinoma.160,179

However, the impact of histologic tumor necrosis on patient out-
come varies by histologic subtype. Recently, Sengupta et al reported
that although patients who have papillary renal cell carcinoma are
more likely to have necrotic tumors compared with patients who
have clear cell renal cell carcinoma or chromophobe renal cell carci-
noma, the finding of necrosis in a papillary renal cell carcinoma is
not associated significantly with death from disease. In contrast, the
finding of histologic tumor necrosis in clear cell renal cell carcinoma
or chromophobe renal cell carcinoma is indicative of aggressive
tumor behavior.193

Ficarra et al demonstrated that histologic necrosis was present in
11% of patients with clear cell renal cell carcinoma.183 The 5- and 10-
year cancer-specific survival rates were 86% and 75%, respectively,
in patients without coagulative necrosis, and 48% and 37% in
patients with necrosis (log rank p value � 0.0001) (Figure 1.86).
This histologic prognostic factor turned out significant at multivari-
ate analysis.194 However, the use of tumor necrosis as a prognostic
factor remains controversial. Sorbellini et al found that the absence
of tumor necrosis was associated with disease recurrence in patients
with conventional renal cell carcinoma, although this association
was not statistically significant on multivariate analysis.194 Further-
more, the incidence of tumor necrosis was reported to be only 3%
compared with 12% in the series reported by Ficarra et al160 and 31%
by Frank et al179 in the cohort used to develop the Stage, Size, Grad-
ing and Necrosis (SSIGN) score.

Collecting system invasion
Urinary collecting system involvement is not included in the current
TNM staging system. Tumors invading the urinary collecting system
are usually symptomatic, with a higher stage and nuclear grade. It
was reported that the presence of a collecting system invasion in
high-stage tumors did not support a significantly worse prognosis,
whereas in low-stage tumors this prognostic factor can negatively
influence the cancer-specific survival rate.195 Palapattu et al reported

Figure 1.84
Sarcomatoid chromophobe renal cell carcinoma: admixture of
sarcoma-like neoplastic areas with epithelial chromophobic
neoplastic cells.

Figure 1.85
Clear cell renal cell carcinoma: necrosis.
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Figure 1.86
Cancer-specific survival probabilities according to presence of
necrosis. Data extrapolated from 388 conventional RCC is treated
at University of Verona (Cancer 103; 68: 2005).
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that patients with collecting system invasion had a significantly
lower 3-year cancer-specific survival rate than their counterparts
who did not have involvement. In this study, multivariate analysis
showed that collecting system invasion was an independent predic-
tor of survival.196

In 2004, Terrone et al evaluated the pathologic reports of 671
patients who underwent radical nephrectomy for renal cell carci-
noma. The 5-year cancer-specific survival rate was 45.5% in patients
with urinary collecting system invasion and 64.7% in those without.
Moreover, after stratification according to pathologic stage, the 5-
year cancer-specific survival rate was significantly different only for
the pT2 category. However, in this series urinary collecting system
invasion did not result in an independent prognostic factor.197

Outcome predictive models have been developed with the intent
to integrate known clinical and pathologic prognostic factors into a
single system which might facilitate classification of patients into
different prognostic categories. This system could be used to coun-
sel patients, determine the need for adjuvant therapy, stratify
patients for clinical trials, and develop appropriate postoperative
surveillance programs that are tailored to a patient’s risk for disease
progression. The most important predictive models were developed
in recent years by the Memorial Sloan-Kettering Cancer Cen-
ter,194,198 University of California – Los Angeles (UCLA),199 and the
Mayo Clinic.179 All the models include histologic variables.

In 2001 Kattan et al proposed a nomogram to predict the 5-year
probability of treatment failure in patients with newly diagnosed
renal cell carcinoma. Their algorithm includes incidental, local, or
systemic patient symptoms at presentation, histologic subtype,
tumor size, and pathologic stage, and it resulted in a cancer specific
survival index of 0.74.198 However, since papillary and chromo-
phobe tumors were not routinely assigned a nuclear grade, this fea-
ture was not included in their analysis despite the finding that
nuclear grade provides important prognostic information in
patients with clear cell renal cell carcinoma. To address this limita-
tion Sorbellini et al recently presented a new prognostic nomogram
focusing on the clear cell renal cell carcinoma variant that includes
patient symptoms at presentation, tumor size, pathologic stage,
Fuhrman nuclear grade, tumor necrosis, and microvascular inva-
sion. The cancer specific survival index resulting from this nomo-
gram was 0.82.194

In 2001, Zisman et al proposed a prognostic algorithm designed
to predict overall survival in patients with and without metastatic
renal cell carcinoma.199 The UCLA Integrated Staging System (UISS)
incorporates pathologic stage, ECOG performance status, and
Fuhrman grade to classify patients into five prognostic categories,
which are then used to predict overall survival 2 and 5 years follow-
ing surgery. Subsequently, the same group proposed two simplified
algorithms, one for N0M0 and one for N� and/or M� renal cell 
carcinoma, including only three risk groups.200 The UISS predictive
model was validated in patients with localized and metastatic tumors
in two multicenter studies.6,201

In 2002, Frank et al introduced a further model to predict the
prognosis of patients who have undergone radical nephrectomy for
clear cell renal cell carcinoma.179 Analyzing a cohort of 1800 patients
treated at the Mayo Clinic from 1970 to 1998, the authors provided
a multivariate analysis which indicated TNM stage, nuclear grade,
tumor necrosis, and pathologic tumor size (�5 cm) as independent

predictive variables of cancer-specific survival. These variables were
included into an algorithm, where each variable was scored accord-
ing to the risk ratio of the bootstrap analysis. It resulted in the Stage,
Size, Grade, and Necrosis (SSIGN) score used to estimate 1-, 3-, 5-,
7- and 10-year cancer-specific survival. The score is calculated as 
�1 (pT2), �2 (pT3a, pT3b, pT3c), �2 (pN1, pN2), �4 (M1), �2
(tumor size 5 cm or more), �1 (grade 3), �3 (grade 4), �2 (necro-
sis), and 0 otherwise.

The application of this prognostic algorithm to a series of 388
patients with conventional renal cell carcinoma proved to be partic-
ularly useful to predict outcome (Figure 1.87).202 For example,
patients with favorable SSIGN scores of 0 to 2 and 3 or 4 had 5-year
cancer-specific survival rates of 100% and 91%, respectively. In con-
trast, patients with moderate and high scores of 5 or 6 and 7 to 9 had
5-year cancer-specific survival rates of 64% and 47%, respectively.
All patients with a score of 10 or more died of disease within 2 years
of surgery. In addition, all pathologic features in the SSIGN score
algorithm except tumor size were significantly associated with
patient outcome in a multivariate setting. Lastly, the cancer specific
survival index or measure of predictive ability of the SSIGN score
was 0.88, which was considerably higher than that achieved using
any single feature.203–212

The SSIGN score has limitations. First, the SSIGN score only
applies to patients who have clear cell renal cell carcinoma. How-
ever, the Mayo Clinic team believes that it is inappropriate to use a
single prognostic algorithm for all histologic subtypes. Second, the
SSIGN score could be improved by incorporating recent changes to
the TNM classification, including the pT1a and pT1b subclassifica-
tions, the stratification of high-stage tumors by fat invasion and
tumor thrombus level, and the assessment of extranodal extension.173
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Figure 1.87
Estimated cancer-specific survival by the Mayo Clinic SSIGN score
groupings in 388 patients with conventional RCC. In consideration
of the limited number of patients in each SSIGN score category
we sought to optimize patient stratification by collapsing the
scores into fewer categories. Pairwise comparisons of outcome
among adjacent scores suggested that patients could be stratified
into 5 groups, that is SSIGN scores 0 to 2, 3 and 4, 5 and 6, 7 to
9, and 10 or greater.202a
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Part 6
Pediatric tumors

Nephroblastoma (Wilms’ tumor) comprises more than 85% of pedi-
atric renal tumors and 5% of childhood cancers. It is usually found
in children 2 to 4 years old; it is relatively uncommon in the first 
six months of life and in children older than 6 years, whereas it 
is rare in the neonatal period. The male to female ratio is 1:1. Five
percent of the tumors are multicentric and bilateral. The associa-
tions with cryptorchidism, hypospadias, other genital anomalies,
hemihypertrophy, and aniridia are well recognized and described in
different genetic syndromes such as the Beckwith–Wiedemann,
Wilms–aniridia–genital anomaly–retardation, and Denys–Drash
syndromes due to different genetic alterations. Nephroblastoma
rarely occurs in adults.

Grossly it presents as a mass, usually larger than 5 cm, with a
solid, soft, and grayish or pinkish appearance, resembling brain tis-
sue (Figure 1.88). Hemorrhage and necrosis are frequently present.
The tumor is usually surrounded by a prominent pseudocapsule
composed of compressed renal and perirenal tissues. Cystic tumors
macroscopically indistinguishable from cystic nephromas, which
present small foci of blastema, immature appearing stromal cells
and primitive epithelium, are classified as cystic, partially differenti-
ated nephroblastomas.

Microscopically, nephroblastoma is typically triphasic, being
composed of variable admixtures of blastema, epithelium, and
stroma (Figure 1.89). However, in some neoplasms only two, and
occasionally only one, components are present. The blastemal com-
ponent can grow in three different patterns: nodular, serpentine,
and diffuse. The blastemal cells are small, densely packed, and show
oval to elongated nuclei with numerous mitoses. The epithelial
component usually consists of small tubules lined by primitive
columnar cells and abortive glomeruli. The stromal component can

differentiate along the lines of almost any type of soft tissue: loose
myxoid, fibroblastic spindle cell stroma, and skeletal muscle are the
most common.

Nephroblastomas are divided into two categories: favorable and
unfavorable histologies, based on the absence or presence of anapla-
sia. Anaplasia has been defined as the combination of cells with very
large hyperchromatic nuclei and multipolar mitotic figures. Anaplasia
is found in approximately 6% of Wilms’ tumors; it is rare in patients
younger than 1 year and more than 80% of patients are older than 2.
Even small foci of anaplasia can be associated with an adverse 
outcome. Thus, it is important to sample Wilms’ tumor specimens
extensively. Some Wilms’ tumors have a monomorphous epithelial
appearance and can pose difficult diagnostic problems in their 
distinction from renal cell carcinoma.203,209,212,213

Mesoblastic nephroma is the most common kidney tumor in the
first 3 months of life, and is uncommon after 6 months. It comprises
5% of pediatric renal neoplasms. Mesoblastic nephroma is benign
but it has infiltrative borders which must be studied carefully
because the risk of recurrence appears to be dependent upon the
completeness of the resection.

Grossly this neoplasm is usually large and its cut surface resem-
bles that of a leiomyoma (Figure 1.90): firm, whorled or trabecu-
lated, and light colored. The tumor is not encapsulated and typically
interdigitates with the surrounding renal parenchyma. Histologi-
cally it is a moderately cellular proliferation of thick interlacing bun-
dles of spindle cells with elongate nuclei which usually infiltrate

Figure 1.88
Wilms’ tumor: large tumor resembling a cerebral mass.

Figure 1.89
Wilms’ tumor: nephroblastoma is typically triphasic, being
composed of variable admixtures of blastema, epithelium, and
stroma.
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renal and perirenal tissues resembling a fibromatosis or a leiomy-
oma (Figure 1.91). Glomeruli and renal tubules are commonly
entrapped. Mitotic figures are usually rare. Another pattern consists
of a densely cellular proliferation of polygonal cells with more fre-
quent mitotic figures (8–30 per 10 high-power fields). These tumors
are called ‘cellular mesoblastic nephromas’.214,215

Clear cell sarcoma of the kidney (so-called bone-metastasizing renal
tumor of childhood) comprises 4% of pediatric renal tumors; its male
to female ratio is 1.6:1. It occurs usually at 2–3 years of age and it is
extremely rare before 6 months. This tumor is highly aggressive with
a high mortality rate. Grossly clear cell sarcoma presents as a well-
circumscribed, firm, gray mass. Histologically, it displays a variable
pattern of growth (epithelioid, spindle, sclerosing, myxoid, pal-
isanding) and it is composed of monomorphic, small, round or
spindle or epithelioid cells intermingled with a prominent network
of vascular septa.216

Rhabdoid tumor of the kidney comprises 2% of pediatric renal
neoplasms. Its male to female ratio is 1.5:1. Ninety percent of the cases
occur in patients before 3 years of age. The patients frequently die
within 1 year of diagnosis. It is an infiltrative, necrotic hemorrhagic
tumor composed of sheets of large discohesive polygonal cells with
large vesicular nuclei showing a prominent central nucleolus.217,218

A fifth pediatric kidney tumor is called ossifying tumor and is
extremely rare.219
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Section 2
Adrenal glands

Marina Scarpelli

Normal adrenal gland
Normal adult adrenal glands are composed of cortex and medulla.
Embryologically, the adrenal cortex develops from the mesoderm
while the medulla takes origin from primitive neuroectodermal
cells. The adrenal cortex secretes three classes of steroid hormones:
glucocorticoids, mineralocorticoids, and sex steroids. The adrenal
medulla secretes predominantly epinephrine. The weight of the gland
varies with age and functional status and, according to different
sources, ranges between 4 and 6 g in normal adults.1 When sectioned
perpendicular to the long axis the cortex is 1–2 cm thick and bright
yellow due to the lipid content, while the medulla is gray-white and
concentrated in the head and body of the gland.

Microscopically, the cortex is subdivided into three zones: zona
glomerulosa, zona fasciculata, and zona reticularis. Mineralocorti-
coids are produced in the zona glomerulosa, glucocorticoids in the
zona fasciculata, and sex steroids in the zona reticularis. The zona
fasciculata makes up about 70% of the cortex and is formed by cords
of cells with abundant lipid-filled cytoplasm and is responsible for
the bright yellow color of the cortex. The cells of the zona reticularis
have lipid-poor cytoplasm and usually contain variable amounts of
lipochrome pigment which contribute to its brown color. The zona
glomerulosa is a thin and discontinuous subcapsular rim of cells
having scant, lipid-poor cytoplasm. The medulla is made of round
cells with basophilic cytoplasm (chromaffin cells) arranged in nests
and anastomosing cords. At the periphery of the nests there are spin-
dle cells known as sustentacular cells. Ganglion cells are also found
with variable frequency. The junction between the cortex and
medulla is mostly smooth, but nodules of chromaffin cells can be
seen normally in the cortical mantle and islands of cortical cells usu-
ally surround the central vein.

The arterial blood supply is offered by the inferior phrenic artery,
aorta, and renal artery. The arteries in the capsule divide to give rise
to capsular capillaries which are in continuity with the sinusoids of
the zonae glomerulosa, fasciculata, and reticularis. The capsular
arteries also branch into medullary arteries which traverse the cortex
before opening into capillaries in the medulla. Direct connections
between cortical and medullary sinusoids have been demonstrated
by the use of immunohistochemical markers for endothelial cells.2

Innervation is offered by large nerve trunks extending to the
medulla; nerve bundles and individual nerve fibers have also been
demonstrated by immunohistochemistry in the cortex as well as in the
medulla.3 In the adrenal cortex of adult patients it is not unusual to
observe some nodularity. Most commonly, small nodules of 1–3 mm
completely or partially surrounded by a fibrous capsule are seen
protruding in the periadrenal adipose tissue; they can lie completely
free in the adipose tissue and are referred to as extrusions or acces-
sory cortical nodules.

Optimal information can be obtained from the adrenalectomy
specimens by using a standardized approach (see Appendix).4

Incidental adrenal masses
Incidental adrenal masses, also known as incidentalomas, are dis-
covered during diagnostic testing for a pathologic condition unre-
lated to an adrenal disorder or at autopsy. Adrenal nodules of 1 to 
2 cm are found in 2–3% of adults older than 50 years of age who are
examined at autopsy and are particularly frequent in patients with
hypertension, obesity, and diabetes mellitus. The prevalence of these
incidental nodules increases with age and approaches 7% among
people older than 70 years of age. Conversely, it is less than 1% in
patients younger than 30 years of age.5 The prevalence of inciden-
tally discovered adrenal masses and the likelihood of underlying
pathologies vary according to the defining criteria. In studies of the
general population, most incidentally discovered adrenal masses are
adrenocortical adenomas while adrenal medullary tumors are less
frequent and are represented mainly by pheochromocytomas. The
reported prevalence of adrenal adenomas and nodules in autopsy
and tissue pathology series varies widely, reflecting the fact that a
sharp distinction between accessory cortical nodules, nodular
hyperplasia, and true adenomas cannot always be made on morpho-
logic basis. The inconsistency most significantly impacts on the
reporting of small lesions of less than 1 cm.6

The prevalence of primary adrenal cortical carcinoma is related
mainly to the size of the nodule. The risk increases from 2% for
tumors less than or equal to 4 cm to 25% for tumors greater than 
6 cm. Neoplasms from 4 to 6 cm in size have a risk of 6% of being a
carcinoma. Other adrenal lesions such as myelolipomas, lipomas,
cysts, ganglioneuromas, hemangiomas, angiosarcomas, and lym-
phomas are exceptional. The prevalence of metastases varies in dif-
ferent series, accounting for about 2% in studies not including
cancer patients and 30–70% in series including patients with known
extra-adrenal cancers. Recent reports suggest that up to 20% of
patients with adrenal incidentalomas have some hormonal dysfunc-
tion, subclinical hypercortisolism being the most common. The
recently proposed term of subclinical autonomous glucocorticoid
hypersecretion (SAGE) defines an autonomous cortisol secretion
by an adrenal tumor in patients without symptoms of Cushing’s
syndrome. Given the high prevalence of this condition and the sig-
nificance of hypertension and diabetes as causes of cardiovascular
diseases the management of clinically inapparent adrenal masses is
an important aspect of health care.7 The best diagnostic approach is to
use an algorithm that includes an endocrine work-up and imaging
by CT or MRI. Surgery is the best choice for lesions with apparent
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hypersecretion, suspect for malignancy, or larger than 6 cm (Table 2.1).
The use of fine needle aspiration biopsy performed under either CT
or US guidance is not recommended as a standard procedure in the
diagnostic work-up. However, it may be helpful in the diagnostic
evaluation of patients with a history of malignancy.8

Adrenal nodular hyperplasia
Adrenal nodular hyperplasia can be found in the setting of a pituitary-
dependent or -independent ACTH overproduction. Macronodular
hyperplasia occurs in 10–20% of patients with Cushing’s disease
caused by a pituitary adenoma and, in some patients, the dominant
macronodule is monolateral, thus mimicking an adrenal cortical
adenoma. Patients with Cushing’s disease and macronodular hyper-
plasia are significantly older and with a longer duration of disease
than patients with diffuse hyperplasia9 (Figures 2.1 and 2.2).

ACTH-independent macronodular adrenal hyperplasia (AIMAH)
can be discovered either incidentally or because of the investigation
of an adrenal hypersecretion syndrome, mainly Cushing’s syn-
drome. On CT scan the adrenal glands show bilateral nodular
enlargement. The asymmetric appearance of adrenal macronodules
in AIMAH has been described and may lead to the erroneous diag-
nosis of unilateral autonomous adenoma.10 The combined adrenal
weight is usually greater than 60 g and can be more than 200 g/gland.
On cut sections the nodules are bright yellow to orange and, on
microscopic examination, are composed of lipid-rich cortical cells
and nests of cells with compact, lipid-poor cytoplasm. Most patients
with AIMAH seem to have an aberrant stimulation of cortisol, sug-
gesting the expression of an illicit receptor in their adrenal glands.11

Primary pigmented nodular adrenocortical disease (PPNAD) is
observed in children and young adults, with a peak during the sec-
ond decade in patients with Carney complex, i.e. a dominantly inher-
ited syndrome having spotty skin pigmentation, endocrine overactivity,
and cardiac myxomas.12 Adrenal glands from patients with PPNAD
are usually normal in size and weigh between 4 and 17 g. Macroscop-
ically there are multiple cortical black nodules, usually less than 2 mm
in diameter; the internodular cortex is atrophic (Figure 2.3). Macro-
nodules up to 3 cm have been described, particularly in older patients,13

and should be distinct from bilateral adenomas. Microscopically the

??

< 4 cm 4–6 cm
> 6 cm

Clinically inapparent
adrenal masses

Endocrine work-up

Imaging Surgery

Lesion size

Follow-up Surgery

No hypersecretion Apparent hypersecretion

SAGH

Suspected malignacy

•Search for extra adrenal malignancy
•Percutaneous biopsy

Table 2.1 Algorithm for practical management of incidental/
adrenal massess.

Figure 2.1
Serial sections of adrenal cortical hyperplasia incidentally
detected in a patient with hypertension. The adrenal weight was
13.53 g and the maximum diameter was 6.5 cm. The nodules
are bright yellow and confluent.

Figure 2.2
Adrenal hyperplasia found in a patient with a previous diagnosis
of colic adenocarcinoma. Nodular enlargement of the gland was
detected 3 years later and was initially interpreted as metastatic
disease.

Figure 2.3
Primary pigmented nodular adrenocortical disease in a 27-year-old
female patient without clinical signs of Carney complex. The
adrenal cortex is studded by deep brown nodules. The
internodular cortex is atrophic.
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cells have compact, eosinophilic cytoplasm and abundant brown
pigment with staining characteristics consistent with lipofuscin;
small clusters of lipid-rich cells may be present.

Cortical tumors

Adenoma
Adrenocortical adenomas (ACAs) are benign cortical neoplasms
most often associated with functional activity. They are typically
unilateral and solitary. Exceptional cases of bilateral adenomas asso-
ciated with Cushing’s syndrome or primary aldosteronism have
been published.14, 15 The most frequent endocrine abnormality asso-
ciated with adenoma is hyperaldosteronism followed by Cushing’s
syndrome and virilization. The hypersecretion may manifest as a
fully developed endocrine syndrome or by abnormal laboratory data.
On CT, adrenal adenomas are generally small, homogeneous, well-
defined lesions with clear margins. Frequently they contain large
amounts of intracytoplasmic lipids which allows a quantitative eval-
uation by measurement of the attenuation value on unenhanced CT,
while delayed enhanced CT is particularly sensitive for adenomas
that are lipid-poor.16–18 MRI is equally effective since adenomas
exhibit a signal drop on chemical shift imaging and have an intensity
similar to that of liver on T2-weighted sequences.19

Macroscopically a cortical adenoma appears as a sharply circum-
scribed or encapsulated nodule. It is practically impossible to predict
the associated endocrine syndrome on the basis of morphology even
though some features are most frequently associated with tumors
producing a specific endocrine syndrome.

Adenomas associated with hyperaldosteronism tend to be homo-
geneous, yellow-orange or canary yellow, small, often 2 cm or less,
and weigh less than 10 g. The residual adrenal cortex is not atrophic
and shows some micronodules (Figures 2.4 and 2.5). Adrenal corti-
cal adenomas associated with Cushing’s syndrome can be homoge-
neous yellow but often have irregular foci of dark discoloration
(Figure 2.6). They tend to be larger than ACAs in hyperaldostero-
nism, with a mean diameter of 3.5 cm and a weight between 10 and
40 g. Very rarely the tumors are diffusely pigmented and are referred
to as ‘black adenomas’ (Figure 2.7). Most black adenomas are asso-
ciated with Cushing’s syndrome, but a few have been associated with
primary hyperaldosteronism.20

Figure 2.4
Adenoma associated with hyperaldosteronism. This adenoma
measured 1.5 cm and the weight was 13 g. The nodule is
homogeneous, bright yellow, and appears to be capsulated. The
remaining cortex is atrophic.

Figure 2.5
Adenoma associated with hyperaldosteronism. This adenoma is
pale yellow and has some suggestion of multinodularity. The
remaining cortex is not atrophic and shows some micronodules.

Figure 2.6
Adenoma in Cushing’s syndrome. This adenoma measured 
3.5 cm and the weight was 16 g. The tumor has well defined
contours and is yellow with multiple areas of brown
discoloration. The residual cortex is atrophic.

Figure 2.7
This black adenoma was resected from a 60-year-old female with
Cushing’s syndrome. The nodule measured 2.8 cm and showed
pigmented, vaguely nodular areas intermixed with a few yellow
spots.
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Microscopically most adenomas have smooth borders but they
are only rarely surrounded by a complete capsule. They grow forming
small nests or alveolar structures and, less frequently, cords and trabec-
ulae. The cells have mostly clear, lipid-rich cytoplasm, resembling
the zona fasciculata, with a variable number of cells having compact,
eosinophilic cytoplasm similar to the zona reticularis (Figures 2.8
and 2.9). They may contain variable amount of lipochrome pig-
ment in the cytoplasm, especially seen in ‘black adenomas’. Hybrid
cells with cytologic features of both zonae glomerulosa and fascic-
ulata are also described, mainly in adenomas associated with 
hyperaldosteronism.21

Oncocytic transformation of the cells, foci of lipomatous or
myelolipomatous metaplasia, and aggregates of mature lymphocytes
are occasionally seen and are particularly frequent in ACAs associ-
ated with Cushing’s syndrome. There may be a mild degree of nuclear
pleomorphism. Mitoses are exceptional. The residual adrenal gland

is mostly atrophic in ACAs associated with Cushing’s syndrome
while it frequently shows hyperplasia of the zona glomerulosa and
small nodules in ACAs associated with hyperaldosteronism. It has
been suggested that the small cortical nodules could be incidental
non-hyperfunctional nodules related to the effects of hyperten-
sion.22 The main differential diagnosis includes hyperplastic nodules
and adrenal cortical carcinoma. As already pointed out, the differen-
tial diagnosis with hyperplastic nodules is sometimes difficult or even
impossible exclusively on a morphologic basis. Different approaches
have been proposed to solve the problem. Studies on tumor clonal-
ity showed that adrenal cortical hyperplasias consist of a polyclonal
population of cells while adenomas are mainly monoclonal.23–25

However, there are exceptions in both groups. A correlation has
been observed between clonal patterns and apoptosis and prolifera-
tion. Diaz-Cano et al26 observed that polyclonal lesions demonstrated
increasing apoptosis as a counterpoise to rising proliferative rates
while monoclonal lesions had progressively lower apoptotic rates as
proliferation increased.

Carcinoma
Adrenocortical carcinoma (ACC) is rare with an approximate inci-
dence rate of 0.5–2 cases per million persons per year in the USA. The
mean age at diagnosis ranges between 20 and 54 years in different
series, probably reflecting the type of endocrine service reporting. In
most of the series the peak of incidence is in the fourth and fifth
decade. In some series, where pediatric cases are included, a peak in
the first decade has been observed.27 As for the gender, in most series
a female prevalence has been reported. A variable percentage of car-
cinomas, ranging from 24 to 96%, is functioning. The most common
clinical presentation is a mixed hormonal syndrome of hypercorti-
solism and virilization and, less commonly, a pure Cushing’s syn-
drome. The syndrome of isolated primary hypermineralocorticism is
quite rare. Non-functioning carcinomas may present with abdomi-
nal pain, palpable tumor mass, weight loss, weakness, non-specific
gastrointestinal symptoms, and myalgias. Adrenal carcinoma can be
associated with other tumors, in particular breast carcinoma, thyroid
carcinoma, and melanoma, with a frequency between 12 and 37%.28

Bilateral cortical carcinoma is extremely rare. Most carcinomas are
sporadic but they can be part of several familial or sporadic genetic
syndromes such as Li–Fraumeni syndrome, Beckwith–Wiedemann
syndrome, and Multiple Endocrine Neoplasia Type 1.29 Adrenal 
carcinomas represent 5% of incidentalomas and mostly are non-
functioning. CT demonstrates usually large, dense, irregular, hetero-
geneous, enhancing lesions. Calcification and necrosis are common.
Malignant tumors less than 6 cm are often homogeneous and may
resemble adenomas. MRI hyperintense signal on T2-weighted images
and avid enhancement with delayed signal are common features in
carcinomas as well as in adrenal metastases.30

Weight and size have important prognostic implications. Malig-
nancy risk rises with the size and weight of the tumor. Weight above
100 g was the most useful criterion in the series of Tang and Gray 31

to distinguish benign from malignant tumors. In the series of Aubert
et al which included 24 malignant tumors a weight �50 g and a
tumor size �6.5 were significant for malignancy with 100% sensi-
tivity and more than 90% specificity.32 However, exceptions do
exist and, as a consequence, tumor size may only have a guiding
value in the assessment of adrenocortical malignancy. The cut sur-
face generally shows a variegate pattern and is multinodular with
individual nodules being soft and friable. Areas of hemorrhage and
necrosis are common (Figures 2.10 and 2.11). The capsule is often

Figure 2.8
Classical microscopic appearance of adrenal adenoma. The cells
have clear, lipid-rich cytoplasm resembling the zona fasciculata
and are organized in small nests separated by scant connective-
vascular stroma.

Figure 2.9
Areas of lipid-rich cells are intermixed with areas of lipid-poor
cells having eosinophilic cytoplasm in this Cushing’s adenoma.
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infiltrated and the tumor can invade adjacent organs or tissues. Most
of the larger tumors can be correctly assumed to be malignant based
upon gross inspection alone. Smaller ACCs may not be as heteroge-
neous (Figures 2.10 and 2.11). Microscopically, most carcinomas have
an architectural pattern that can be classified as trabecular, alveolar,
or diffuse, the trabecular pattern being the most characteristic
and common. Some rare cases are mainly myxoid while others are
pseudoglandular. Most cells are lipid-poor with compact eosinophilic
cytoplasm, but lipid-rich cells can be present. Occasionally, coarse
granular pigment is seen within the cytoplasm. Nuclear pleomor-
phism and hyperchromasia can be striking. Mitotic figures are rela-
tively common and can be atypical. Vascular invasion, venous or
sinusoidal, and capsular invasion are common in the larger examples
(Figures 2.12 and 2.13). Immunohistochemistry can be used in mor-
phologically undifferentiated tumors to differentiate ACC from
metastases and also to distinguish adrenocortical from medullary

lesions. Adrenal carcinomas usually express vimentin, low molecu-
lar weight cytokeratin, inhibin �-subunit, calretinin, and melan-A.33

A high percentage of adrenal carcinomas expresses synaptophysin.34

Adrenal carcinomas are constantly negative for cromogranin and
CD10 and these results help to differentiate pheochromocytoma
and metastatic renal cell carcinoma35 (Figures 2.14–2.16).

Numerous alterations of gene regulation and expression have
been described in sporadic adrenocortical carcinomas but they are
difficult to place in a context of tumor formation and progression
and to apply to clinical practice.

A germline TP53 mutation in exon 10 (R337H) has been described
in Brazilian children with either adenomas or carcinomas but no
other identifiable clinical syndrome.36 The same mutation has been
identified in adult Brazilian patients harboring adrenal tumors. It is
now acknowledged that the R337H mutation is a signature, low-
penetrance allele causing an exclusive predisposition to ACC.37

Figure 2.10
This overly malignant carcinoma measured 15 cm, invaded the
perirenal adipose tissue, and had multiple areas of hemorrhage
and necrosis. The kidney is not infiltrated in this image.

Figure 2.11
This localized carcinoma measured 7.5 cm and weighed 95 g.
The cut surface is multinodular with myxoid areas.

Figure 2.12
Microscopic appearance of adrenocortical carcinoma. The tumor
grows in a diffuse and trabecular pattern. The cells have mostly
eosinophilic cytoplasm; small groups of cells with lipidization of
the cytoplasm are identifiable at this low-power magnification.

Figure 2.13
Multiple foci of necrosis give to this carcinoma a
pseudopapillary pattern. The vascular support is given
by gaping sinusoids.
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Other studies showed mutations in exons 5–8 of TP53 in 20–27% of
ACCs.38, 39 Barzon et al40 found TP53 mutations in tumor DNA in
70% of their adrenocortical carcinomas. LOH at the 17p13 where
the TP53 gene is located has been shown to be a strong predictor of
shorter disease-free survival in patients with sporadic adrenocortical
tumors.41 By immunohistochemistry p53 positivity has been reported
in an extremely variable percentage of carcinomas, ranging from 0.7
to 93%, thus making this marker not very useful to discriminate
between benign and malignant tumors.42

Other specific gene alterations have been found at 11p15.5 where
the IGF-II, H19, and p57/KIP2 genes are mapped. H19 and IGF-II
have been found to show coordinate, reciprocal regulation. Altered
DNA methylation of the H19 promoter seems to be involved in the
abnormal expression of both H19 and IGF-II genes in human
adrenocortical carcinomas.43

The insulin-like growth factor II (IGFII) gene is upregulated in
adrenocortical carcinomas and IGFII was shown to be overex-
pressed by RNA array analysis. Schmitt et al,44 using immunohis-
tochemistry, demonstrated the expression of IGFII in 76.5% of
carcinomas and 4.5% of adenomas as a perinuclear or Golgi pattern
immunoreactivity, while in the series by Erickson et al,45 92.5% of
carcinomas and 54.7% of adenomas were immunoreactive.

In the absence of metastases or obvious local invasion the diag-
nosis of carcinoma is based mainly on histopathologic criteria.
Several multiparametric systems have been described, the one
proposed by Weiss in 1984 being the most widely used.46 It is based
on the following nine criteria: high nuclear grade, mitotic figures
�5/50 high-power fields, atypical mitotic figures, eosinophilic or
compact tumor cell cytoplasm, diffuse architecture, necrosis,
venous invasion, sinusoidal invasion, and capsular invasion. The
presence of three or more of these criteria is considered significant
for a malignant clinical behavior.47 The main drawback is that the
interpretation and application of Weiss histopathologic criteria can
be difficult and subjective. In the experience of Sasano et al,48 nuclear
grade, architecture, and cytoplasm had a rather low interobserver
reproducibility. Furthermore, these criteria are not useful to discern
malignancy in pediatric cases and in oncocytic tumors. In the series
of Aubert et al32 the most reliable criteria were considered mitotic
rate and necrosis, while abnormal mitoses, cytoplasm, and capsular
invasion were slightly less reliable. Additional markers of malig-
nancy have been proposed more recently to achieve more precise
diagnosis. Proliferative activity measured by MIB1 staining is signi-
ficatively higher in carcinomas, but there is uncertainty concerning
the significant threshold. Wachenfeld et al49 found that a cut-off
level of 5% separated benign from malignant adrenocortical tumors
without overlap. By using the same cut-off level, Schmitt et al obtained
a discrimination between benign and malignant tumors with a sen-
sitivity of 87.5% and a specificity of 95.5%.44 Lower degrees of sensi-
tivity and specificity have been reported by others.50

The most widely used staging system for adrenocortical carci-
noma was originally proposed by MacFarlane51 and modified by
Sullivan et al.52 The staging system for adrenal carcinoma is reported
in Table 2.2.53 The correlation between stage and survival after diag-
nosis demonstrated no differences in patients with stage I or II tumors,
but survival was greatly reduced in patients with stage IV tumors
and distant metastases or invasion in adjacent organs. Patients with
stage I or II tumors have the best chance of cure with complete sur-
gical excision.

From a pathologic point of view, low mitotic rate and a low
tumor proliferative fraction evaluated by MIB1 antibody are consid-
ered favorable features. From a genetic point of view, 17p13 LOH and
overexpression of the IGFII gene are strong predictors of shorter
disease-free survival.

Figure 2.14
Intense and diffuse cytoplasmic staining for inhibin �-subunit 
in adrenocortical carcinoma.

Figure 2.15
Dishomogeneous staining for melan-A antibody in another
example of adrenocortical carcinoma.

Figure 2.16
CD10 decorates the cytoplasm of the cells in a case of
metastatic renal cell carcinoma. The residual adrenal cortex 
is not stained.
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Oncocytic adrenocortical
neoplasms
Oncocytic adrenocortical neoplasms are composed predominantly
or exclusively of polygonal oncocytes with abundant granular and
intensely eosinophlic cytoplasm packed with mitochondria. They
are extremely rare and only small series or single case reports have
been published in the literature. Most cases are non-functional, with
single cases associated with virilization or Cushing’s syndrome. The
majority arises in females between 40 and 50 years of age (mean 47.6).
They are well-circumscribed tumors ranging in size from 3 to 15 cm
(mean 8 cm) and with a mean weight of 281 g (Figure 2.17). Histo-
logically the neoplastic cells are arranged in a diffuse or solid pattern.
Stromal degenerative changes are particularly frequent in larger
tumors. Nuclear atypia, characterized by enlarged nuclei with
prominent nucleoli, multinucleation, irregular nuclear contours,
nuclear pseudoinclusions, and hyperchromatic chromatin, are fre-
quent findings54 (Figure 2.18). As for the biological behavior either
oncocytomas or oncocytic neoplasms of uncertain malignancy
potential or carcinomas have been reported. The differential diag-
nosis between benign oncocytomas and oncocytic carcinomas can
be difficult. In general, benign tumors do not have necrosis, capsular
and/or vascular invasion, and mitoses are less than 2 per 50 HPF. In
a series of four oncocytic adrenocortical carcinomas, Hoang et al 55

stated that cytologic atypia or mitotic rate cannot reliably predict the
biologic behavior. They considered features of malignancy to be
large tumor size, extracapsular extension, blood vessel invasion,
necrosis, and metastasis. In their series of 10 adrenocortical oncocytic
tumors including four carcinomas, Bisceglia et al56 adopted major
criteria (high mitotic rate, atypical mitoses, and venous invasion) and
minor criteria (large size, necrosis, capsular invasion, and sinusoidal
invasion) to distinguish benign and malignant tumors. They sug-
gested that the presence of one major criterion indicated malignancy.

Myelolipoma
Myelolipomas are rare tumors composed of mature fat associated
with hematopoietic elements. The estimated incidence at autopsy

varies from 0.08 to 0.2%. Most are asymptomatic and diagnosed
either as incidental radiologic or post-mortem findings. Larger
lesions may present with symptoms, occasionally having significant
retroperitoneal hemorrhage. They are usually diagnosed in the late
adult life without sex differences. Association with other adrenal
conditions, mainly adenomas, occurs in 5–15% of cases. Very rarely,
patients with thalassemia or myelofibrosis present with masses of
extramedullary hemopoiesis in their adrenal glands.

The mean diameter is usually less than 4 cm but giant tumors, up
to 35 cm and weighing more than 5000 g, have been reported.
Macroscopically they are well-circumscribed but rarely encapsulated
masses. The color varies from yellow to red-brown depending on the
relative amount of adipose and hematopoietic elements (Figure 2.19).
On microscopic examination mature adipose tissue is admixed with
hematopoietic tissue having trilineage hematopoiesis with normal
cell morphology and complete maturation.57 There are a number of
theories on the origin of myelolipomas, the most commonly accepted
being that they originate from metaplasia of adrenal cortical cells or
from uncommitted or pluripotential adrenal stromal cells. A recent
study showed that both the hematopoietic elements and the fat have
the same pattern of X-chromosome inactivation, suggesting that

Table 2.2 Staging criteria for adrenal cortical carcinoma

Stage Criteria

TNM definitions
Tumor
T1 Tumor �5 cm, invasion absent
T2 Tumor �5 cm, invasion absent
T3 Tumor outside adrenal in fat
T4 Tumor invading adjacent organs

Lymph nodes
N0 No positive lymph nodes
N1 Positive lymph nodes

Metastases
M0 No distant metastases
M1 Distant metastases

Stage grouping
I
II T2, N0, M0
III T1–2, N1, M0; T3, N0, M0
IV Any T, any M, M1; T3, T4, N1

Figure 2.17
Adrenal oncocytoma. This well-circumscribed nodule measured 
6 cm. The tumor is light brown, similar to oncocytomas in other
anatomic sites. Regressive areas are present.

Figure 2.18
Oncocytoma with solid pattern and striking cytologic atypia.
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myelolipomas are clonal proliferations derived from a common
pluripotential stem cell.58

Pheochromocytoma
Pheochromocytomas arise from the sympathoadrenal system, i.e.,
the adrenal medulla and paraganglion system. It is a widespread
assumption that most pheochromocytomas are sporadic and only
about 10% are hereditary. Hereditary pheochromocytoma can be
a component of multiple endocrine neoplasia type 2, Von Hippel–
Lindau disease, and neurofibromatosis type 1. Germ-line mutations
of the succinate dehydrogenase gene subunits B and D have been
described in a series of non-syndromic, apparently sporadic, pheochro-
mocytomas.59

Sporadic pheochromocytomas occur at all ages but are more
common in the fourth through sixth decades of life. Women and
men are similarly affected. In the majority of the cases they are
monolateral, but in 3–11% of cases they are bilateral. Hypertension,
sustained or paroxysmal, is the hallmark clinical finding. The diag-
nosis of pheochromocytoma is established by the demonstration of
elevated levels of free catecholamines or their metabolites in urine
and blood.60

Pheochromocytomas are generally characterized by low T1 and
bright T2 signal intensities on MRI. Meta-iodobenzylguanidine
(MIBG), a physiologic analog of norepinephrine, is a diagnostic test
for pheochromocytoma and is useful for the detection of extra-
adrenal, metastatic, and recurrent sites of disease.61 The size of the
tumors is variable, the majority being between 3 and 5 cm but with
a tendency for malignant examples to be larger.62 They are usually
encapsulated or well-circumscribed, soft, gray-tan to brown-red
masses with a variegated cut surface showing areas of hemorrhage or
cystic degeneration. Residual cortex can be seen at the periphery.
Some examples show infiltration of the peri-adrenal adipose tissue
(Figures 2.20–2.22).

Under light microscopy the neoplastic cells are arranged in spher-
ical, compact nests separated by a scant vascular stroma forming the
classic ‘zellballen’ pattern (Figure 2.23). The cytoplasm is abundant,
mostly basophilic and granular. Nuclei are centrally located and oval
with finely granular chromatin and small nucleoli. Intracytoplas-
matic hyaline globules and eosinophilic proteinaceous material
resembling colloid are not uncommon. Cells with multiple nuclei or

prominent hyperchromasia and occasional mitoses are encoun-
tered. Unusual features with potential problems for differential
diagnosis are represented by a spindle cell or angiomatous pattern or
by oncocytic transformation of the cells.63, 64 By immunohistochem-
istry all pheochromocytomas are immunoreactive with chromogranin
and the majority with synaptophysin (Figure 2.24). S100-positive
sustentacular cells are seen at the periphery of the cellular nests.
Focal immunoreactivity has been described with cytocheratins 7 and
20. Calretinin and inhibin are constantly negative.33

Figure 2.19
Myelolipoma. Mature adipose tissue and red-brown areas
corresponding to hemopoietic tissue are easily identified.

Figure 2.20
Pheochromocytoma. This very small tumor in a patient with
MEN 2A is completely surrounded by adrenal cortex.

Figure 2.21
Characteristic appearance of a pheochromocytoma. The mass is
homogeneous, soft, and gray-tan.
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Most pheochromocytomas are benign, slowly growing tumors.
The distinction between benign and malignant pheochromocytomas
is an unresolved problem and in most cases the decision is based on
the occurrence of metastases in sites where chromaffin tissue is not
normally found. As a consequence, the percentage of malignant
tumors ranges from 2.4 to 26.65, 66 Although it is commonly believed
that the biological behavior of a pheochromocytoma cannot be pre-
dicted on the basis of microscopic features, certain histologic fea-
tures have been associated more frequently with clinically malignant
tumors. A Pheochromocytoma of the Adrenal gland Scaled Score
(PASS) has been proposed by Thompson67 to separate benign from
malignant tumors. Similar to the Weiss approach for adrenal corti-
cal neoplasms, PASS takes into account several histologic features
such as: growth pattern, tumor necrosis, high cellularity, cellular
monotony, tumor cell spindling, mitotic figures, atypical mitotic
figures, extension into the adipose tissue, vascular invasion, capsular
invasion, profound nuclear pleomorphism, and nuclear hyperchro-
masia. Each feature is given a numerical value when present. In the
original series including 50 histologically benign and 50 histologi-
cally malignant pheochromocytomas, malignant tumors always had
a PASS �4. Limitations in the application of this method do exist
since it is laborious, there is a certain degree of subjectivity in the
evaluation of some of the features, and an intermediate category is
not provided. Salmenkivi et al,68 in their series including 69 adrenal
pheochromocytomas, identified the following as suspicious malig-
nant histologic features: mitotic count (over 5 mitoses/10 HPF),
necrosis, and vascular and capsular invasion. They considered those
tumors that had not metastasized but had at least one suspicious fea-
ture as borderline and in need of a closer follow-up.

The growth fraction assessed by immunohistochemistry using
MIB1 has shown a significant correlation with metastatic potential
with values in most series �5%.69, 70 A number of genetic alterations
have been described in sporadic pheochromocytomas and several
chromosome regions that may harbor genes critically involved 
in their pathogenesis have been identified. However, it is not clear
how these allele losses are involved in tumorigenesis or tumor 
progression.71–73

Composite pheochromocytoma
The term composite pheochromocytoma is applied to tumors with
combined features of ganglioneuroma or ganglioneuroblastoma
and typical pheochromocytoma. The majority consist of pheochro-
mocytoma and ganglioneuroma and occur in middle-aged or
elderly patients. Tumors having a neuroblastic component may give
rise to widespread metastases. Macroscopically they may resemble
typical pheochromocytoma, or have pale areas corresponding to the
ganglioneuroma, or hemorrhagic areas of ganglioneuroblastoma
(Figure 2.25). The ganglioneuromatous component includes a vari-
ably abundant Schwannian stroma and ganglion cells (Figure 2.26).
Variable amounts of neuromelanin may occasionally be found.74,75 A
percentage of patients with composite tumors have type 1 neurofi-
bromatosis and MEN 2A.

Neuroblastic tumors
Under this term are included neuroblastoma, ganglioneuroblastoma,
and ganglioneuroma. Neuroblastoma is the fourth most common
malignant tumor in children under 15 years and more than 80% of

Figure 2.22
This pheochromocytoma has a dishomogeneous cut surface and
a few yellow areas suggesting lipid deposits. The presence of
lipids was confirmed by histochemistry and electron microscopy.

Figure 2.23
Sharp border between adrenal cortex and pheochromocytoma.
The tumor forms small and compact nests separated by scant
vascular stroma (zellballen pattern).

Figure 2.24
Chromogranin stains the pheochromocytoma but not the normal
adrenal cortex.
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the cases are diagnosed during the first 4 years of life.1 About 40% of
neuroblastomas take origin in the adrenal glands.76 Clinically there is
usually a palpable abdominal mass. A number of paraneoplastic syn-
dromes caused by the production by the tumor of specific substances
or by the presence of antibodies against normal cells are not infre-
quent. Imaging studies by CT or MRI give excellent information
about the primary tumor and the state of the regional lymph nodes.77

A diphosphate bone scan and a MIBG scan are used to assess distant
metastases in the bone and bone marrow.78 Urinary catecholamine
secretion is a confirmatory diagnostic marker. Dimensions range
from 1 to 10 cm. Macroscopically the tumors are capsulated or well-
circumscribed and soft, with frequent areas of hemorrhage and
necrosis; calcifications are common (Figure 2.27). With advancing
levels of differentiation the tumors may be firmer. Some examples
are cystic. The microscopic appearance varies depending on the level
of differentiation. Immature neuroblasts are completely undifferenti-
ated small cells and their identification relies on ancillary techniques

such as immunohistochemistry, electron microscopy, and molecular
biology or cytogenetics. Differentiation is seen as synchronous matu-
ration of the nucleus and cytoplasm toward a ganglion cell phenotype,
the appearance of a neuropil, and a Schwannian stroma. There is a ver-
itable continuum between undifferentiated neuroblastomas and well-
differentiated, stroma-rich tumors.

According to the International Neuroblastoma Classification79

four categories are identified:

■ neuroblastoma (Schwannian stroma-poor) including three sub-

types: undifferentiated, poorly differentiated, and differentiating;

■ ganglioneuroblastoma intermixed (Schwannian stroma-rich);

■ ganglioneuroma (Schwannian stroma-dominant) including two

subtypes: maturing and mature;

■ ganglioneuroblastoma nodular (composite Schwannian stroma-

rich/stroma-dominant, and stroma-poor).

Age and stage of disease are two of the most powerful independent
prognostic factors for patients with neuroblastoma and ganglioneu-
roblastoma. The International Neuroblastoma Staging system is
based on the size of the primary tumor, locoregional lymph node
status, and the presence of distant metastases (Table 2.3). Risk group
assessment can be defined by clinical and biological variables.
Genetic changes such as the MYCN status (amplified and non-
amplified) and the DNA ploidy together with the histology and the
International Neuroblastoma Staging System are integrated in the
Risk Grouping Scheme where low-, intermediate-, and high-risk
groups are identified.76

The genetic and morphologic heterogeneity of neuroblastoma
requires extensive biological and histologic study of the tumor.80 See
Appendix for details.

Miscellaneous tumors and
tumor-like lesions

Adrenal cysts
Adrenal cysts are relatively rare lesions with a predilection for female
patients and the fifth and sixth decades. Conventionally they are

Figure 2.25
Gray compact areas and red-brown areas are seen in this
composite pheochromocytoma. The gray areas represent
ganglioneuroma.

Figure 2.26
Microscopic appearance of a composite pheochromocytoma.
The ganglioneuroma on the left is easily identified because of 
a rich Schwannian stroma and polymorphic ganglion cells. The
two components are fairly well separated in this image.

Figure 2.27
Neuroblastoma. Multinodular mass with multiple hemorrhagic
and necrotic areas.
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Table 2.3 International Neuroblastoma Staging System

Stage 1
Localized tumor with complete gross excision, with or without
microscopic residual disease; representative ipsilateral lymphnodes
negative for tumor microscopically (nodes attached to and
removed with the primary tumor may be positive).

Stage 2A
Localized tumor with incomplete gross excision; representative
ipsilateral nonhaderent lymphnodes negative for tumor
microscopically.

Stage 2B
Localized tumor with or without complete gross excision, with
ipsilateral nonadherent lymph nodes positive for tumor. Enlarged
contralateral lymph nodes must be negative microscopically.

Stage 3
Unresectable unilateral tumor infiltrating across the midline, with
or without regional lymph node involvement or localized
unilateral tumor with contralateral regional lymph node
involvement or midline tumor with bilateral extension by
infiltration (unresectable) or by lymph node involvement.

Stage 4
Any primary tumor with dissemination to distant lymph nodes,
bone, bone marrow, liver, skin, and/or other organs (except as
defined by stage 4S).

Stage 4S
Localized primary tumor (as defined for stage 1, 2A or 2B) with
dissemination limited to skin, liver, and/or bone marrow. Limited
to infants <1 year of age.

Adrenal glands 53

from primary non-functional adrenal tumors. Fine needle aspira-
tion biopsy may be very helpful in documenting an adrenal metastasis.8

Appendix: handling of adrenal
gland specimens
When possible, immediately after resection, the intact specimen
should be sent unfixed to the pathology laboratory accompanied by
a description of the relevant clinical findings, including the clinical
history, results of hormonal and imaging studies, and clinical diag-
nosis.

In the laboratory the following steps should be followed:

■ The specimen is oriented.

■ A careful dissection of fat tissue is carried out.

■ The whole specimen is accurately weighed.

■ The dimensions are recorded (possibly along three axes).

■ The gland is cut into slices 3–5 mm thick, perpendicular to the

long axis.

■ The dimensions of the tumor(s) are accurately assessed.

■ The macroscopic appearance is described.

■ The appearance of the adrenal remnant is also described (atro-

phy, cortical nodules, etc.).

At this stage fresh tissue for research purposes or other ancillary pro-
cedures can be taken. Following formalin fixation adequate sam-
pling should be carried on. One block per cm diameter from the
peripheral and central part of the tumor including the margins is
considered adequate.

For neuroblastic tumors a slightly different approach is used:

■ The specimen should be transferred unfixed to the pathology

laboratory under sterile conditions.

■ At least two pieces, each measuring 1�1�1 cm, should be taken

from viable looking areas of the tumor. If there are macroscopic

differences on the cut surface, pieces should be taken from all

these areas.

■ Each piece is identified with capitals (A, B, etc.) and divided into

fourths identified by numbers (1–4). Samples A1, B1, etc., should

be used to make touch preparations and put in formalin for

histopathologic examination. Samples A2, B2, etc., should be

put in sterile tissue-culture medium. Pieces 3 and 4 should be

snap frozen in liquid nitrogen.
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Section 3
Pathology of tumors of the urinary bladder

Antonio Lopez-Beltran, Rodolfo Montironi, 
Alfredo Vidal-Jimenez, and Liang Cheng

Urinary bladder
An average of 260 000 new cases of urinary bladder cancer are 
diagnosed worldwide every year.1,2 There are large regional variations
with high incidence rates in the US, Western Europe, and Northern
Africa, while the disease is relatively rare in Asia.2 The incidence has
been steadily increasing for decades but in some countries a decline
has been observed recently.1,2 Although bladder cancer is considered
to be a man’s disease and relatively rare among women, the number
of women afflicted compares to that of cervical and ovarian cancer.2

Bladder cancer presents mainly as non-muscle-invasive disease,
which has a high recurrence of 50–70% with a low progression rate in
15–25% of the patients.2,3 The high recurrence rate and the aggressive-
ness of these tumors have resulted in a close follow-up of patients. In
the US, it was reported that Medicare expenditure in patients with
cancer was the highest compared to other cancer disease. Bladder
cancer incidence is nearly four times higher in men than in women and
almost two times higher in Caucasians than in African Americans.1

At histology, more than 90% of bladder cancer cases are urothelial
(transitional cell) carcinoma (UC) and originate in the epithelial
cells that line the bladder wall internally;3 approximately 5% are
squamous cell carcinoma, and less than 2% are adenocarcinoma;
small cell carcinoma is less common.3–5

Etiology and epidemiology of
bladder cancer
Bladder cancer is the sixth most common malignancy in developed
countries.1,2 It ranks as the fourth and ninth most frequently diag-
nosed cancer in men and women, respectively, in the United States.1

It is estimated that about 67 160 cases will be newly diagnosed in the
USA and 13 750 patients will die from disseminated carcinoma of
urothelial mucosa in 2007.1 Most bladder tumors in Western coun-
tries are urothelial carcinomas.2–4 However, squamous cell carcinoma
of the bladder is the predominant presentation in Middle Eastern
countries.4,6–8 Adenocarcinoma and small cell carcinoma of the
bladder are less common.5,8

The etiology of bladder cancer is not fully understood, it has 
classically been associated with exogenous and environmental risk
factors. The two best known risk factors for bladder cancer are
smoking and occupational exposure.2 Several potential carcinogens
are inactive and need to be activated by enzymes controlled by
genetic variables. For this reason the susceptibility to carcinogens
differs among individuals and populations.

Smokers have between two and four times the risk of the general
population, with heavy smokers being at five times the risk; the

carcinogens involved are still unknown. It is estimated that 20 years
of smoking are needed for the development of bladder cancer, and
the risk directly correlates with the number of cigarettes consumed.
The relative risk of smokers developing bladder cancer compared
to non-smokers is 3:1, for previous smokers it is 1.9:1. The exact
mechanism by which tobacco causes bladder cancer is not known,
but urothelial carcinogens such as acrolein, 4-amino-biphenyl,
arylamine, and oxygen free radicals have been implicated. Further-
more, increased duration, intensity of tobacco, and degree of
inhalation significantly contribute to cancer development, while the
beneficial effects of smoking cessation have been associated with
an almost immediate decline in risk. With established tobacco-
associated superficial UC of the bladder, continued smokers have
worse recurrence-free survival than those who quit at the time of
diagnosis.2

Occupational exposure to aniline dyes and aromatic amines such
as 2-naphthylamine and benzidine has been implicated as the second
most common risk factor for bladder cancer. Benzidine, the most
carcinogenic aromatic amine, has been primarily used in dye
production and as a hardener in the rubber industry. The degree of
carcinogenesis due to occupational exposure varies with the degree
of industrialization, but in heavily industrialized nations, occupa-
tional exposure may account for up to one fourth of all urothelial
cancers. The latency period between exposure and tumor develop-
ment is usually prolonged. Aromatic amines are now prohibited,
but people exposed to chemical substances from the combustion of
coal are also known to have an increased risk of bladder cancer.
Occupational bladder cancer has also been observed in gas workers,
painters, and hairdressers. Nutrition may also play a role as vitamin
A supplement showed a reduced risk of bladder cancer, while fried
food and fat caused a risk increase.2 A high fluid intake was shown to
reduce the risk of bladder cancer in one study but this remains
controversial.2 We have learned from Taiwan and Chile of an
increased risk shown in populations using drinking water with a high
content of arsenic, and these and other water contaminants are being
actively investigated.2

Other factors implicated in the development and progression of
bladder cancer include analgesic use, urinary tract infections includ-
ing bacterial, parasitic, fungal, and viral infections, urinary lithiasis,
pelvic radiation, and chemotherapeutic agents such as cyclophos-
phamide. Although caffeine ingestion has been implicated as a risk
factor for bladder cancer, risk estimates for this association are
decreased after controling for concomitant tobacco use. Similarly,
saccharin-containing artificial sweeteners have been shown to induce
bladder neoplasm in the rat model, but human epidemiologic
studies have failed to establish this relationship. There is a relation-
ship between the parasite bilharzia and squamous cell cancer in the
bladder, more frequently seen in the Middle East.2
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Clinical presentation and
natural history of bladder
cancer
Nearly 80% of patients who initially present with bladder UC have
tumors confined to the mucosa or submucosa, so-called superficial
‘non-muscle-invasive’ bladder cancers, more appropriately reported
as stage Ta/T1 urothelial tumors.2,3,9–14 Superficial bladder tumors
represent a heterogeneous group of cancers that include those that are
(1) papillary in nature and limited to the mucosa (stage Ta), and (2)
those that are invasive into the lamina propria or submucosa when
the muscularis mucosae is present (stage T1). Although flat carcino-
mas in situ (Tis) have been included historically as part of the group
of superficial bladder cancer, this practice has been discouraged by
most authorities including the World Health Organization (WHO).15,16

The remainder of bladder cancer patients present initially with
bladder tumors invading the muscularis propria of the bladder or
beyond (stage T2–T4).17

Approximately three-quarters of patients with bladder cancer
present with painless, intermittent hematuria.2 It is estimated that
approximately 20% of patients being evaluated for gross hematuria
will subsequently be diagnosed with bladder cancer. Similarly, of
patients presenting with microscopic hematuria, up to 10% will be
diagnosed with bladder cancer. Microscopic hematuria in patients
with bladder cancer tends to be unpredictable and inconsistent; there-
fore a single negative urinalysis does not exclude the possibility of
cancer.2 One-quarter of patients with bladder cancer will present
with irritative voiding symptoms of urgency, frequency, and dysuria,
symptoms frequently misinterpreted as signs of a urinary tract infec-
tion but that may signify either trigone involvement with tumor or
the presence of carcinoma in situ.18,19

The initial evaluation and management for patients with sus-
pected bladder cancer involves cystoscopic evaluation of the bladder,
transurethral resection (TUR) of visible tumor, and assessment of the
appearance of the uninvolved bladder and prostatic urethra, which
may be indicated when visible abnormalities of the prostatic urothe-
lium exist.2 Small lesions and flat lesions worrisome for carcinoma in
situ (CIS) can be sampled with cold-cup biopsy forceps while larger
lesions should be completely resected.14 In addition, during TUR,
attempts should be made to obtain muscularis propria. The presence
of smooth muscle in the pathologic specimen is an important indica-
tor for an adequately performed resection.4,20 It is clear that up to
4% of patients with superficial bladder cancer are at risk for synchro-
nous and metachronous upper urinary tract tumors.21 Patients with a
history of CIS, tumors adjacent to the ureteral orifices, or those with
persistently unexplained positive cytologies might be at increased risk
of an upper tract tumor or prostatic urethral tumor involvement.21

The natural history of bladder cancer is difficult to predict due
to biological heterogeneity; features that characterize superficial (stage
Ta or T1) bladder cancer are disease recurrence and progression.2,17,22

The risks for both recurrence and tumor progression are related to
multiple histopathologic factors including grade, depth of invasion,
multiplicity, tumor size, tumor morphology, presence or absence
of vascular or lymphatic invasion, and the presence or absence of
CIS.23,24 Although these conventional measures provide some degree
of prognostic information, they fail to clearly evaluate each individual
tumor’s malignant potential. These shortcomings with traditional
clinical and histopathologic features have therefore led to significant
efforts to better define a tumor’s true biological potential on a
molecular level.3,4,25–29 Unfortunately, the molecular markers do not
have significant clinical application at the current time.

Nearly 60 to 90% of patients with superficial disease will have a
tumor recurrence if treated by TUR alone. A retrospective analysis
of 176 patients from Sweden with superficial TCC, who were followed
until death or for at least 20 years (with no adjuvant therapy), pro-
vides some insight into the importance and natural history of this
disease left untreated.24 An overall recurrence rate of 80% was reported
with 22% of patients dying from the disease if followed long enough.
In this study, death was directly related to tumor grade, number of
tumors, and volume of recurrences.24

Pathology of bladder cancer
Approximately 80% of patients with primary urothelial carcinoma
will display a relatively indolent, low-grade tumor confined to the
superficial mucosa.2,3 Despite the relatively indolent nature of super-
ficial urothelial tumor, the recurrence rate can be as high as 70%, thus
necessitating long-term follow-up.2,3,30–32 In addition, about one-third
of recurrent superficial tumors may eventually progress to a higher
grade and/or stage.10 Three basic diagnostic categories are identified
in the urinary bladder on the basis of the pattern of growth of the
urothelial tumors (flat, papillary non-invasive, or infiltrative).2,3 Their
clinical behaviors are also related to the degree of architectural, cyto-
logic, and molecular alterations of the urothelium.13,18,19 Several clas-
sifications have been reported in the literature, and current genetic
data suggest two major pathways that correspond to morphologi-
cally defined entities.2,3,16,33,34 The genetically stable category includes
low-grade non-invasive papillary tumors (pTa, G1 and G2 or papillary
urothelial neoplasm of low malignant potential (PUNLMP) and LG).4

The genetically unstable category contains high-grade non-invasive
(including pTa G3 or HG and CIS) and infiltrating carcinomas
(stage pT1–4).4 Non-invasive low-grade bladder neoplasms have
fewer genomic alterations and are therefore viewed as genetically
stable. Invasive tumors appear to be genetically unstable and have
more chromosomal aberrations. The potential value for this classi-
fication also depends on accurate diagnosis and consistent separation
of pTa from pT1 tumors.12,14,35–39 Recognition of early invasion
(stage pT1) in urothelial neoplasia is one of the most challenging
areas in bladder pathology, and reproducibility between patholo-
gists is a major issue.14,39 This fact, together with the proposal by
some urologists to treat early invasive tumors more aggressively,
makes the accurate diagnosis of pT1 tumors even more relevant in
clinical practice.40,41

Flat intra-epithelial lesions
The urothelium is composed of basal, intermediate, and superficial
cells without cytologic atypia (Figure 3.1). The number of cell layers
may vary (usually less than seven) due to tangential sectioning.41

Malignancy-associated cellular change (MACC) is a recently intro-
duced concept, encompassing urothelial abnormalities of bladders
harboring neoplastic lesions that are not detectable by routine light
microscopy. However, MACC is detectable when chromatin analy-
sis or genetic studies are performed. Most reports show chromo-
some 9 alterations in MACC, similar to those in the coexistent
carcinoma. The clinical relevance of MACC remains to be estab-
lished but could be important at time of evaluation of the urothelial
status after surgery13 (Table 3.1).
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Table 3.1 WHO 2004 classification of non-invasive
urothelial neoplasia16

Hyperplasia (flat and papillary)

Dysplasia

Urothelial papilloma

Urothelial papilloma, inverted type

Non-invasive papillary urothelial neoplasia of low malignant

potential

Non-invasive urothelial carcinoma, low-grade

Non-invasive urothelial carcinoma, high-grade

Carcinoma in situ
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Urothelial hyperplasia
Urothelial hyperplasia is characterized by markedly thickened mucosa
without cytological atypia41,42 (Figure 3.2). It may be seen adjacent
to low-grade urothelial papillary tumors. Within the spectrum of
hyperplasia, a papillary architecture may be present, and most of
these patients have concomitant papillary tumors. When seen iso-
lated (primary hyperplasia), there is no evidence suggesting that it
has a premalignant potential.42 However, molecular analyses have
shown that it may be clonally related to the papillary tumors in blad-
der cancer patients.42

Urothelial dysplasia
Dysplasia is an intra-urothelial lesion with cytologic and architec-
tural changes that are believed to be preneoplastic but which fall
short of CIS13,14 (Figure 3.3). The urothelium of dysplasia typically
shows cohesive cells characterized by nuclear/nucleolar changes that
include irregular nuclear crowding and nuclear hyperchromasia.
Nucleoli may be prominent and mitotic figures, when present, are
generally basally located. The umbrella cells are usually present.
Most cellular abnormalities in dysplasia are restricted to the basal
and intermediate cell layers.13,18,43 Nuclear and architectural features are
most useful in distinguishing reactive urothelial atypia and dysplasia.

Occasionally, there may be an increased number of cell layers and
dysplasia. Cytokeratin 20 may be of value in its recognition.44 Alter-
ations of p53 and allelic losses, particularly in chromosome 9, have
been demonstrated to occur in dysplasia.43 Dysplasia is most rele-
vant in non-invasive papillary neoplasms, where its presence indi-
cates urothelial instability and is a marker for recurrence or
progression. De novo (primary) dysplasia progresses to bladder
neoplasia in about 15–19% of cases.13 The use of the term atypia as
synonymous with urothelial dysplasia is discouraged. Due to inher-
ent inter- and intra-observer variability, grading of urothelial dyspla-
sia is not recommended.

Urothelial carcinoma in situ
CIS is a non-papillary flat lesion in which the surface epithelium
contains cells that are cytologically malignant and the morphologic
diagnosis of CIS requires severe cytologic atypia19,45 (Figure 3.4).
Full thickness change is not essential, although it is usually 
present.13,41,46,47 Prominent disorganization of cells is characteristic,
with loss of cellular polarity and cohesiveness. The tumor cells tend
to be large and pleomorphic, with moderate to abundant cytoplasm,
although they are sometimes small with a high nuclear to cytoplas-
mic ratio. The chromatin tends to be coarse and clumped. Nucleoli
are usually large and prominent in at least some of the cells, and may

Figure 3.1
Normal bladder urothelium.

Figure 3.2
Flat urothelial hyperplasia.

Figure 3.3
Urothelial dysplasia.
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be multiple. Mitotic figures that may be atypical are also seen in the
uppermost layers of the urothelium. Superficial (umbrella) cells
may be present in CIS.

Some growth patterns and/or morphologic variants of CIS have
been recognized in recent years.47 Individual neoplastic cells may
be seen scattered amidst normal urothelium (pagetoid pattern)
(Figure 3.5). Loss of intercellular cohesion of CIS may result in the
so-called ‘denuding cystitis’ or in residual neoplastic cells attached
to the surface (‘clinging’ pattern). Small and large cell variants have
been described. CIS cells may involve von Brunn’s nests and cystitis
cystica.13,46–48 Cytokeratin 20 is abnormally expressed in CIS. Abnormal
expression of p53 (Figure 3.6) and RB (retinoblastoma) protein may
correlate with progression of CIS or response to BCG (bacilus
Calmette-Guerin) therapy. The nuclear matrix protein NMP22 is
present in CIS.

Cytogenetically CIS shows close similarities to invasive tumors.
Primary (de novo) CIS accounts for 1–3% of urothelial neoplasms
and is most commonly seen in the bladder. Approximately 15% of
patients with CIS of the bladder will have prostatic urethral involve-
ment and, occasionally, a recurrent tumor is found in the urethral
stump after cystectomy. The distal ureter is involved in 6–60%, the
prostatic urethra in 20–67%, and the prostate ducts and acini in up
to 40%. Primary CIS is less likely to progress to invasive disease than
secondary CIS.19,45 Approximately 45–65% of patients with CIS and
concomitant invasive tumors will die of the disease, as compared to

7–15% of patients with primary CIS with or without concomitant
non-invasive papillary tumors. CIS with aneuploid karyotypes appears
to be at high risk of progression.

Classification of non-invasive
(stage Ta) papillary urothelial
neoplasia
The topic of the best contemporary classification and grading sys-
tem of the non-invasive papillary neoplasia has been debated and
should still be considered unsettled.2,3,15,27,30,41,49–76 From the practical
point of view, the use of both the 1973 and 2004 WHO classifica-
tions (former 1998 ISUP/WHO) have been recommended until the
latter is sufficiently validated3,20 (Table 3.2). Bladder cancer may
develop via a variety of pathways. Most tumors have a papillary con-
figuration at diagnosis. Additional genetic changes may induce the
development of higher-grade papillary lesions. The 2004 WHO
classification recommends stratifying patients according to stage,
that is non-invasive papillary (stage Ta) and invasive (stage T1–T4).3

Clearly, urothelial carcinoma represents a heterogeneous entity
with significant malignant potential. The most important predictors
of clinical course in non-invasive urothelial tumors are pathologic
grade, multiplicity, early recurrence, and tumor size, but the pres-
ence of dysplasia and CIS in the adjacent urothelium can be relevant
as well (Table 3.3).

Several classifications have been reported in the literature, and
current genetic data suggest two major pathways that correspond to
morphologically defined entities. The genetically stable category
includes low-grade (grade 1 and some grade 2, 1973 WHO scheme)
non-invasive papillary tumors.15,66 The genetically unstable category
contains high-grade (some grade 2 and all grade 3, 1973 WHO
scheme) non-invasive and CIS, and invasively growing carcinomas
(stage T1–4). Non-invasive low-grade bladder neoplasms have only
a few genomic alterations and are therefore viewed as genetically sta-
ble. Some classifications and grading schemes of the urothelial neo-
plasms have been reported in the literature. The recent 2004 WHO
(former ISUP/WHO 1998) classification reflects work in progress.14,41

The 1973 WHO classification is preferred by some authors as it
allows valid comparison of results between different clinical centers.

Figure 3.4
Bladder carcinoma in situ.

Figure 3.5
Pagetoid carcinoma in situ.

Figure 3.6
Bladder carcinoma in situ showing extensive p53 accumulation.
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Table 3.2 Histologic type of tumors of the urinary
bladder (WHO, 2004)16

Urothelial neoplasia
Benign

Urothelial papilloma
Inverted papilloma

Papillary urothelial neoplasia of low malignant potential
Malignant papillary

Papillary carcinoma, low grade
Papillary carcinoma, high grade
Papillary carcinoma with squamous or glandular differentiation

Malignant non-papillary
Flat carcinoma in situ
Invasive carcinoma
Variants of invasive carcinoma

Nested pattern
Small tubular pattern
Microcystic pattern
Inverted pattern
With squamous differentiation
With glandular differentiation
Micropapillary
Sarcomatoid carcinoma
Clear cell urothelial carcinoma
Plasmocytoid
With syncytiotrophoblasts
With unusual stromal reactions

Pseudosarcomatous stroma
Stromal osseous or cartilaginous metaplasia
Osteoclast-type giant cells
With prominent lymphoid infiltrate

Squamous cell carcinoma
Usual type
Variant
Verrucous
Basaloid
With sarcomatoid features

Adenocarcinoma (from bladder mucosa, urachal, with extrophy)
Usual intestinal type
Mucinous (including colloid)
Signet-ring cell
Clear cell

Hepatoid
Mixture of above patterns
Adenocarcinoma NOS (not otherwise specified)

Tumors of mixed cell types
Undifferentiated carcinomas*

Small cell carcinoma
Large cell neuroendocrine carcinoma
Lymphoepithelioma-like carcinoma

Giant cell carcinoma
Undifferentiated carcinoma NOS
Metastatic carcinoma

*Refers to tumors that are undifferentiated by light microscopy.
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The standard 1973 WHO classification and grading of bladder
tumors is a robust, clinically proven, widely used, time-tested, and
reasonably reproducible method for pathologic reporting, and
therefore is still recommended. Some controversies followed the
introduction of 1998 WHO/ISUP classification of bladder tumors,
mainly because of lack of validation, reproducibility, and translation
studies. In particular, there is a poor interobserver agreement for
PUNLMP and low-grade urothelial carcinoma (� � 0.12 to 0.50).

After structured training for the new 1998 WHO/ISUP grading system,
Murphy et al60,61 concluded that neither refinements of morphologic
criteria nor additional education would significantly decrease inter-
pretive discrepancy in the grading of urothelial carcinoma. In a
recent study, Bol et al35 found that agreement among three experi-
enced pathologists on the diagnosis of papillary urothelial neo-
plasms of low malignant potential was 0%.2,3,15,27,30,41,49,50–76

The natural history shows that bladder cancer is actually two
diseases. The first is low-grade, papillary, non-invasive urothelial
tumors (PUNLMP and low-grade), previously classified as grade 1,
and characterized by genetic stability with common chromosome 9
alterations and frequent FGFR3 mutations.66 These tumors have a
high propensity to recur but rarely invade or metastasize. The sec-
ond type of bladder cancer is the high-grade lesion that originates as
urothelial dysplasia and begins as CIS or high-grade, non-invasive,
papillary carcinoma (grade 3 and some grade 2, 1973 WHO scheme).
This has common alterations at the TP53 and RB tumor suppressor
genes. Both types of neoplasm can develop in the same patient, either
simultaneously or sequentially. Non-invasive papillary urothelial
lesions, according to the 2004 WHO classification, distinguish urothe-
lial papilloma and inverted papilloma, the controversial lesion
PUNLMP, as well as non-invasive, low- and high-grade urothelial
carcinoma. The main clinico-pathologic features of these categories
follow.

Benign epithelial tumors

Urothelial papilloma and diffuse
papillomatosis
Urothelial papilloma is a benign exophytic neoplasia composed of a
delicate fibrovascular core covered by normal looking urothelium
(Figure 3.7). The superficial cells are often prominent. Mitoses are
absent to rare and, if present, are located in the basal cell layer. The
stroma may show edema and/or inflammatory cells.15,56 Papillomas
are diploid with low proliferation, uncommon p53 expression, and
frequent FGFR3 (75%) mutation.77 Cytokeratin 20 expression is
limited to the superficial (umbrella) cells as is usual in normal
urothelium. The incidence is below 1% of all bladder tumors and
the male:female ratio is 1.9:1. Hematuria is common. Most papillo-
mas are single and occur in younger patients (mean age 46 years),
close to the ureteric orifices in most cases. Urothelial papilloma may
recur; however, it does not progress.56 Diffuse papillomatosis applies
when the mucosa is extensively involved by small delicate papillary
processes creating a velvety cystoscopic appearance.

Inverted papilloma
Inverted papilloma applies to a benign urothelial tumor that has an
inverted growth pattern with normal to minimal cytologic atypia of
the cells78–81 (Figure 3.8). Most cases are solitary nodular or sessile
lesions, smaller than 3 cm, and arise in the bladder trigone, but can
also be found along the urinary tract. At histology, the inverted
papilloma has a smooth surface covered by normal urothelium and
endophytic cords of urothelial cells invaginating extensively from
the surface urothelium into the subjacent lamina propria, but not into
the muscular bladder wall.78–81 Trabecular and glandular variants
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have been described. Foci of non-keratinizing squamous metaplasia
and neuroendocrine differentiation have been reported. Focal minor
cytologic atypia may be present but mitotic figures are not seen or
are very rare. Inverted papilloma may coexist with carcinoma. The
male:female ratio is 4–5:1. The age of the patients ranges from 10 to
94 years. Hematuria or obstructive symptoms are common and less
than 1% of cases recur. Recent studies indicate that inverted papil-
loma is a monoclonal process; however, the low incidence of LOH
supports the view that inverted papilloma in urinary bladder is a
benign neoplasm with molecular genetic abnormalities different
from those of urothelial carcinoma. It seems that inverted papilloma
diagnosed according to strictly defined criteria is a benign urothelial
neoplasm, not related to urothelial carcinoma.78–81

Other benign epithelial tumors
arising in the urinary bladder
Squamous cell papilloma is a rare benign neoplasm, presumably the
squamous counterpart of urothelial cell papilloma. It seems to be
unrelated to human papillomavirus infection. At histology it is com-
posed of papillary cores with overlying benign squamous epithelium
and is different to condyloma acuminatum that rarely affects the
bladder and is related to ‘low risk’ papillomavirus infection.79,82

Villous adenoma is an uncommon benign glandular epithelial neo-
plasm with exophytic growth that is often associated with urachal
adenocarcinoma, but that may be seen elsewhere in the bladder.
Histologically it is identical to villous adenoma of the colon, showing
columnar mucinous cells and goblet cells lining delicate fibrovascular
stalks with nuclear stratification, crowding, and hyperchromasia. The
differential diagnosis includes adenocarcinoma arising in the bladder.79

Papillary urothelial neoplasm of
low malignant potential
PUNLMP is a controversial lesion defined as a non-invasive papil-
lary urothelial tumor which resembles the exophytic urothelial
papilloma but shows increased cellularity exceeding the thickness of
normal urothelium3,15,49 (Figure 3.9). At cystoscopy, most cases are
solitary, 1–2 cm in diameter, and located in the lateral or posterior
wall, close to the ureteric orifices. The papillae are slender without
fusion and lined by multilayered urothelium with minimal to absent
cytologic atypia. The cell polarity is preserved with minimal varia-
tion in the architecture. The nuclei are slightly enlarged and the
superficial cell layer is preserved. Mitoses are rare and have a basal
location. These tumors are considered non-invasive grade 1 papil-
lary urothelial carcinoma in the 1973 WHO scheme. Most are
diploid with a low proliferation rate, but show frequent FGFR3
mutation and allelic loss in 80% and 81% of cases, respectively.
Gross or microscopic hematuria is frequent. The male:female ratio
is 5:1 and the mean age at diagnosis is 65 years (range 29–94 years).
Mean reported tumor recurrence, stage progression, and tumor-
related mortality occur in approximately 35%, 4%, and 2% of
patients, respectively. In some series, stage progression can be as
high as 8%2,3,53,54 (Table 3.3).

Figure 3.7
Urothelial papilloma.

Figure 3.8
Inverted papilloma.

Figure 3.9
Papillary urothelial neoplasia of low malignant potential.
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Non-invasive papillary urothelial
carcinoma, low- and high-grade
This is a low-grade neoplasm of urothelium lining papillary fronds
which shows recognizable variations in architecture and cytol-
ogy2,3,15,53,54 (Figure 3.10). The tumor shows slender papillae with fre-
quent branching, minimal fusion, and variations in nuclear polarity,
size, shape, and chromatin pattern and with the presence of nucleoli.
Mitoses may occur at any level in those cases of low grade (Table 3.4).
These cases are considered as grade 1 or grade 2 in the 1973 WHO
classification scheme. Altered expression of cytokeratin 20, CD44,
p53, and p63 is frequent; some tumors are diploid. FGFR3 muta-
tions are seen at about the same frequency as that for PUNLMP.30

The male:female ratio is 2.9:1 and the mean age is 70 years (range
28–90 years). Most patients present with hematuria and have a sin-
gle tumor in the posterior or lateral wall; however, 22% of them
have two or more tumors. Tumor recurrence, stage progression, and
tumor-related mortality are approximately 50%, 10%, and 5%, respec-
tively, but stage progression can be as high as 13% in some series
(Table 3.3).

In high-grade tumors (all grade 3 and some grade 2, 1973 WHO
scheme) the urothelium lining papillary fronds shows a predomi-
nant disorder with moderate-to-marked architectural and cytologic
atypia, with the papillae frequently fused and variations in architec-
tural and cytologic features that are easily recognizable even at scan-
ning power15 (Figure 3.11). The nuclei are often pleomorphic with
prominent nucleoli and altered polarity. Mitoses are frequent. The
thickness of the urothelium varies considerably. Carcinoma in situ is
frequent in the adjacent mucosa. Changes in cytokeratin 20, p53,
and p63 expression and aneuploidy are more frequent than in previ-
ous categories. Molecular alterations in these tumors show a fre-
quency of p53, HER2, or EGFR overexpression and p21Waf1 or
p27kip1 loss comparable to that seen in invasive cancers. Geneti-
cally, high-grade non-invasive lesions (pTa G3) resemble invasively
growing tumors. A comparative genomic hybridization-based study
showed deletions at 2q, 5q, 10q, and 18q as well as gains at 5p and
20q. Hematuria is common and the endoscopic appearance varies
from papillary to nodular/solid single or multiple tumors. Progres-
sion in terms of stage and death due to disease can be observed in as
many as 65% of patients.4

Bladder cancer staging
Ta tumors account for approximately 70% of superficial transitional
cell carcinoma (TCC). These tumors are composed of branching
fibrovascular cores with greater than eight cell layers that display

features of cytologic atypia and architectural distortion. This
arrangement provides their morphologic papillary appearance. In
general, Ta tumors are low-grade cancers. T1 tumors by definition
invade the submucosa (also called lamina propria) and account for
approximately 30% of all non-invasive bladder tumors. T1 lesions
may have either a papillary or broad-based appearance, and are
generally of higher grade than Ta tumors14 (Figure 3.12). T2–T3
tumors, by definition, are muscle-invasive tumors or readly invade
the perivesical fat; higher lesions (stage T4) invade adjacent organs14

(Figure 3.13).
Although not addressed in the current TNM system,83 several

studies have proposed further substaging of T1 lesions.12,14,84–101 There
are data to suggest a significant difference in prognosis and survival
based upon the depth of submucosal invasion, with a worse progno-
sis associated with increasing submucosal invasion. A T1 substaging
has been based on the following system: T1A, invasion of connective
tissue superficial to the level of the muscularis mucosae; T1B, inva-
sion to the level of the muscularis mucosae; and T1C, invasion
through the level of the muscularis mucosae but superficial to the
muscularis propria (detrusor muscle).12,14,84–101 Opponents to this
subclassification argue that it is often difficult to accurately assess
the TUR tissue for the presence and actual depth of invasion because
of orientation and artifactual changes. Similarly, it is argued that
muscularis mucosae cannot be consistently identified with certainty
in all biopsy specimens.

Table 3.3 Follow-up studies on papillary urothelial neoplasia of low malignant potential
and urothelial carcinoma, low grade

Tumor recurrence* Stage progression* Tumor-related mortality*

PUNLMP 35.58 (25–47) 3.72 (0–8) 1.23 (0–3.90)

Low-grade carcinoma 49.99 (30.49–76.70) 9.65 (3.53–13.00) 4.42 (3.54–5.30)

PUNLMP: papillary urothelial neoplasia of low malignant potential.
*Mean percentage (range).

Figure 3.10
Non-invasive papillary urothelial carcinoma, low-grade.
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In 1999, Cheng et al proposed a novel system of substaging pT1
tumors based on the micrometric measurement of the depth of
invasion of tumor into the subepithelial connective tissue.12 They
studied a series of 55 patients with stage pT1 urothelial carcinomas
diagnosed on transurethral resection of bladder tumor (TURBT)
specimens and eventually treated by cystectomy. By using an ocular
micrometer to measure the depth of invasion from the mucosal
basement membrane, they found a significant correlation between

depth of invasion in the TURBT specimen and final pathologic stage
on cystectomy.12 A 1.5 mm depth of invasion predicted advanced
stage of disease at cystectomy with a sensitivity of 81%, a specificity
of 83%, and positive and negative predictive values of 95% and 56%,
respectively. They further applied the same criteria to a group of 83
consecutive patients diagnosed with pT1 bladder cancer and found
a 5-year progression-free survival of 67% in patients with a depth of
tumor invasion of �1.5 mm, compared to 93% for those tumors
with a depth of invasion �1.5%.12,14

Table 3.4 Histologic characteristics of non-invasive papillary urothelial tumors of the bladder according to the
WHO, 200416

Papilloma Papillary neoplasm of Low-grade High-grade 
low malignant papillary papillary
potential carcinoma carcinoma

Architectural features
Papillae Delicate Delicate Fused, branching Fused, branching

Occasionally fused
Not branching

Organization of cells Identical to Ordered. Polarity Predominantly ordered, Predominantly
normal urothelium identical to normal minimal crowding and disordered with

urothelium. Any minimal loss of polarity. frequent loss of polarity.
thickness. Cohesive Any thickness. Cohesive Variable thickness.

Discohesive
Cytologic features
Nuclear size Identical to normal May be enlarged Enlarged with variation Enlarged with variation

urothelium but uniform in size in size readily visible
Nuclear shape Identical to normal Elongated, round-oval, Round-oval. Slight Moderate-marked 

urothelium uniform variation in shape pleomorphism
and contour

Nuclear chromatin Fine Fine Mild variation Moderate-marked
variation. Hyperchromasia

Nucleoli Absent Absent to inconspicuous Usually inconspicuous Multiple prominent
nucleoli may be present

Mitoses Absent Rare, basal Occasionally at any level Usually frequent, at any 
level

Umbrella cells Uniformly present Present Usually present Usually absent

Figure 3.11
Non-invasive papillary urothelial carcinoma, high-grade.

Figure 3.12
Gross appearance of urothelial carcinoma in the bladder neck.
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Invasive bladder carcinoma

Grading of infiltrating urothelial
carcinoma (stage T1–T4)
Infiltrating urothelial carcinoma is defined as a urothelial tumor that
invades beyond the basement membrane.4 Infiltrative carcinomas
grossly span a range of morphology including papillary, polypoid,
nodular, solid, ulcerative, or transmural diffuse. They may be soli-
tary or multifocal. The histology of infiltrating urothelial carcino-
mas is variable and includes pT1–T4 tumors. Most pT1 cancers are
papillary and low- or high-grade (Figure 3.14), whereas most pT2–T4
carcinomas are infiltrating and high-grade, and therefore will be dis-
cussed separately (Figure 3.15). Infiltrating urothelial carcinomas
are classified as low- or high-grade according to the new 2004 WHO
classification, depending upon the degree of nuclear anaplasia and
architectural abnormalities.85,99,102–105

Morphologic characteristics of
bladder carcinoma with early
stromal invasion (stage T1)
Stage is the single most important prognostic indicator in urothelial
carcinoma. Infiltrating urothelial carcinoma is defined by the WHO

as a urothelial tumor that invades beyond the basement membrane.4

The 2002 TNM (tumor, lymph nodes, and metastasis) staging sys-
tem defines pT1 tumors of the bladder as those invading the lamina
propria, but not the muscularis propria. Although pT1 tumors have
a less favorable prognosis than pTa (non-invasive) tumors, clinically
they are both usually lumped together under the term ‘superficial’
bladder tumors, a practice no longer recommended.14 Muscularis
mucosae is often present in the lamina propria, and consists of thin
and wavy fascicles of smooth muscle, which are frequently associ-
ated with large caliber blood vessels (Figure 3.16). Muscularis
mucosae invasion (pT1) should not be mistaken for muscularis pro-
pria invasion (pT2), and it is unacceptable to simply state smooth
muscle invasion in the pathology report, at the present time. The
presence or absence of muscularis propria should also be mentioned
in the pathology report for the adequacy of resection.14

The nature of submitted specimens is important in assessing pT1
tumors. Most bladder tumors are frequently excised by cold cup
biopsies and TURBT. The resulting hematoxylin and eosin (H&E)
sections in cold cup biopsies usually contain urothelial neoplasm
(usually �1 cm in diameter), the lamina propria, and sometimes the

Figure 3.13
Urothelial carcinoma in perivesical fat and the uterus 
(stage pT4).

Figure 3.14
Invasive urothelial carcinoma in lamina propria, stage pT1.

Figure 3.15
Invasive urothelial carcinoma in muscularis propria, stage pT2.
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superficial muscularis propria with maintained orientation, thus facil-
itating assessment of early invasion. Larger tumors (�1 cm) usually
require TURBT, in which the urologist should include a generous
sampling of the underlying muscularis propria in order to enable
adequate pathologic staging. The specimens resulting from this pro-
cedure are often fragmented, heavily cauterized, and tangentially
sectioned with frequent disruption of the tumor architecture, and
thus may be difficult to orient. While examining and reporting both
types of specimens, it is important to note the presence or absence of
muscularis propria in the pathology report, in order to assess
involvement by the neoplastic process, and to provide feedback to
the urologist regarding adequacy of resection.

An additional feature of importance in the evaluation of bladder
tumor specimens is the presence of vascular invasion, which can
involve blood vessels or lymphatic channels.14 The identification of
vascular/lymphatic invasion can be difficult and confused with arte-
factual clefting around nests of invasive carcinoma on conventional
evaluation. Because vascular invasion is frequently overdiagnosed in
H&E stained slides, the reported prognostic significance of that fac-
tor remains uncertain. In suspicious cases, blood vessels should be
highlighted with immunoperoxidase staining for factor VIII related
antigen or, more appropriately, by using monoclonal antibodies
against CD31 or CD34.14 Staining will not resolve the problem of
differentiating lymphatic versus artifactual space entrapment by
tumor cells in selected cases, and this type of involvement should be
reported as indeterminate for vascular invasion.

The incidence of vascular/lymphatic invasion is variable and has
been reported to range from 5 to 10% of stage pT1 cases in immuno-
histochemical studies. In one study, 5-year survival for pT1 cases
without vascular invasion was 81% versus 44% for those with, sug-
gesting that vascular invasion is an independent predictor of poor
outcome regardless of tumor grade. Vascular invasion is more fre-
quent in larger, high-grade tumors without papillary configuration.

The clinical significance of vascular invasion in advanced infiltrating
disease is controversial, with some authors reporting differences in
biological behavior, even as independent predictors in patients
treated with radical cystectomy together with nodal status and
tumor stage. Also, lymphatic and vascular invasion might be an
independent prognostic factor in organ-confined invasive bladder
cancer.14 Therefore, the presence of vascular/lymphatic invasion
should be included in the pathology report. It is of paramount
importance to distinguish T1 from Ta tumors. We will discuss
briefly the main morphologic diagnostic criteria for invasion into
the lamina propria in the following section.

Features in the diagnosis of
lamina propria invasion
The recognition of lamina propria invasion by urothelial carcinoma
is one of the most challenging fields in surgical pathology, and the
pathologist should follow strict criteria in its assessment.14,55 While
evaluating tumor invasion, it is important to focus on the following
features. Lamina propria invasion should be carefully evaluated in
all high-grade papillary carcinomas. While invasion is not necessar-
ily an unexpected finding in low-grade tumors, it is much more
commonly encountered in high-grade lesions, reaching 70–96% in
some series. Tangentially sectioned, densely packed, non-invasive
papillary tumors exhibit a stroma–epithelial interface that is smooth
and regular. In instances of true invasion, one is likely to see variable
sized and irregularly shaped nests or individual tumor cells percolat-
ing through the stroma. When the specimen includes tangential sec-
tions through non-invasive tumor or when urothelial carcinoma
involves von Brunn’s nests, the basement membrane preserves a
regular contour, whereas it is frequently absent or disrupted in cases
of true invasion. This feature may be assessed on H&E stains,
although, in many cases, additional clues are needed, including the
detection of a parallel array of thin-walled vessels that evenly line the
basement membrane of non-invasive nests, these being absent in
patients with invasive tumors.55

The invasive front of the neoplasm may show one of several fea-
tures: single cells or irregularly shaped nests of tumor within the
stroma, and sometimes tentacular or finger-like extensions can be
seen arising from the base of the papillary tumor. Frequently, the
invading nests appear morphologically different from cells at the
base of the non-invasive component of the tumor, with more abun-
dant cytoplasm and often with a higher degree of nuclear pleomor-
phism. In some cases, particularly in microinvasive disease, the
invasive tumor cells may acquire abundant eosinophilic cytoplasm.
At low to medium power magnification, these microinvasive cells
seem to be more differentiated than the overlying non-invasive dis-
ease, a feature known as paradoxical differentiation. The stromal
reaction in the lamina propria associated with invasive tumor may
be inflammatory, myxoid, or fibrous, and assessment of this pro-
vides an important diagnostic clue. Although the majority of blad-
der tumors with unquestionable lamina propria invasion exhibit
some sort of stromal reaction, microinvasive disease usually does
not, making its identification even more difficult.48 In some cases, a
retraction artifact around superficially invasive individual tumor
cells may mimic angiolymphatic invasion. Often, this finding is
focal, and may itself be one of the early signs of invasion into the
lamina propria. Lamina propria invasion may elicit a brisk inflam-
matory response. Numerous inflammatory cells in the lamina propria
may obscure the interface between epithelium and stroma. This makes
small nests or single cell invasion difficult to recognize. In other

Figure 3.16
Invasive urothelial carcinoma, stage pT1, with tumor cells in
contact with the muscularis mucosae.

MIKUZ_Ch03.qxp  8/2/2007  5:56 PM  Page 66



Pathology of tumors of the urinary bladder 67

cases, a cellular stroma with spindled fibroblasts, variable collageniza-
tion, inflammation, and/or a hypocellular stroma with myxoid back-
ground may be seen in invasive urothelial carcinomas. Rarely, the
tumor induces an exuberant proliferation of fibroblasts, which may
display alarming cellular atypia (similar to giant cell cystitis). This fea-
ture, although a helpful clue to invasion, should not be mistaken for
the spindle cell component of a sarcomatoid urothelial carcinoma.14,55

Morphologic characteristics of
invasive (stage T2–4) urothelial
carcinoma
Invasive urothelial carcinoma may present as polypoid, sessile,
ulcerated, or infiltrative tumor in which the neoplastic cells invade
the bladder wall as nests, cords, trabeculae, small clusters, or single
cells that are often separated by a desmoplastic stroma.4 The tumor
sometimes grows in a more diffuse, sheet-like pattern, but even in
these cases, focal nests and clusters are generally present. The cells
show moderate to abundant amphophilic or eosinophilic cytoplasm
and large hyperchromatic nuclei. In larger nests, palisading of nuclei
may be seen at the edges of the nests. The nucleus is typically pleo-
morphic and often has irregular contours with angular profiles.
Nuclear grooves may be identified in some cells. Nucleoli are highly
variable in number and appearance, with some cells containing sin-
gle or multiple small nucleoli and others having large eosinophilic
nucleoli. Foci of marked pleomorphism may be seen, with bizarre
and multinuclear tumor cells. Mitotic figures are common, with
numerous abnormal forms.55,85 Invasive tumors are invariably high-
grade, although there is a spectrum of some cases exhibiting marked
anaplasia with focal giant cell formation. A subset of invasive
urothelial carcinomas may exhibit vascular invasion. The most
important morphology-based prognostic factors in patients with
advanced bladder cancer are tumor stage and lymph node sta-
tus.100–105 In an attempt to identify new parameters for assessing
prognosis in bladder cancer patients more accurately, Jimenez et al55

introduced a new morphologic classification of invasive bladder
tumors distinguishing three patterns of growth (nodular, trabecular,
and infiltrative). Tumors with an infiltrative growth pattern are
associated with a worse prognosis than tumors displaying a non-
infiltrative (nodular or trabecular) growth pattern. Urothelial carci-
noma has a propensity for divergent differentiation with the most
common being squamous, followed by glandular. Virtually the
whole spectrum of bladder cancer variants may be seen in variable
proportions accompanying otherwise typical urothelial carci-
noma.79 The clinical outcome of some of these variants differs from
typical urothelial carcinoma; therefore, recognition of these variants
is important. Pathologic features of the most common variants of
urothelial carcinoma follow.

Histologic variants of invasive
urothelial carcinoma

Urothelial carcinoma with mixed
differentiation
About 20% of urothelial carcinomas contain areas of glandular or
squamous differentiation. Squamous differentiation, defined by the

presence of intercellular bridges or keratinization, occurs in 21% of
urothelial carcinomas of the bladder (Figure 3.17). Its frequency
increases with grade and stage.79,106–108 Detailed histologic maps of
urothelial carcinoma with squamous differentiation have shown
that the proportion of the squamous component may vary consider-
ably, with some cases having urothelial carcinoma in situ as the only
urothelial component.108 These cases may have a less favorable
response to therapy than pure urothelial carcinoma. Of 91 patients
with metastatic carcinoma, 83% with mixed adenocarcinoma and
46% with mixed squamous cell carcinoma experienced disease pro-
gression despite intense chemotherapy, whereas it progressed in
�30% of patients with pure urothelial carcinoma.79,106–108 Low-grade
urothelial carcinoma with focal squamous differentiation has a
higher recurrence rate.73 Tumors with any identifiable urothelial
element are classified as urothelial carcinoma with squamous dif-
ferentiation, and an estimate of the percentage of the squamous
component should be provided. Cytokeratin 14, L1 antigen, and
caveolin-1 have been reported as immunohistochemical markers of
squamous differentiation.79

Glandular differentiation is less common than squamous differ-
entiation and may be present in about 6% of urothelial carcinomas
of the bladder.79,106–108 Glandular differentiation is defined as the
presence of true glandular spaces within the tumor (Figure 3.18).

Figure 3.17
Invasive urothelial carcinoma with squamous differentiation.

Figure 3.18
Invasive urothelial carcinoma with glandular differentiation.
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These may be tubular or enteric glands with mucin secretion. A
colloid-mucinous pattern characterized by nests of cells ‘floating’ in
extracellular mucin, occasionally with signet ring cells, may be pre-
sent. Cytoplasmic mucin-containing cells are present in 14–63% of
typical urothelial carcinoma and are not considered to represent
glandular differentiation. The diagnosis of adenocarcinoma is reserved
for pure tumors. A tumor with mixed glandular and urothelial
differentiation is classified as urothelial carcinoma with glandular
differentiation, and an estimate of the percentage of glandular com-
ponent should be provided. The expression of MUC5AC-apomucin
may be useful as an immunohistochemical marker of glandular dif-
ferentiation in urothelial tumors. When small cell carcinoma is pre-
sent in association with urothelial carcinoma, even focally, it portends
a poor prognosis.79 Small cell carcinoma is an important finding and
usually dictates more aggressive therapy (see following section).

Small cell carcinoma
Small cell carcinoma is a malignant neoplasm derived from the
urothelium which mimics its pulmonary counterpart (discussed in
full in the section on other bladder carcinomas).

Nested variant
The nested variant of urothelial carcinoma is an aggressive neo-
plasm with fewer than 50 reported cases79,109,110 (Figure 3.19). There
is a marked male predominance, and 70% of patients die within

4–40 months after diagnosis, in spite of therapy. This rare pattern of
urothelial carcinoma was first described as a tumor with a ‘decep-
tively benign’ appearance that closely resembles Brunn’s nests infil-
trating the lamina propria. Some nests have small tubular lumens
that can eventually predominate. Nuclei generally show little or no
atypia, but invariably the tumor contains foci of unequivocal cancer
with cells exhibiting enlarged nucleoli and coarse nuclear chro-
matin. This feature is most apparent in the deeper aspects of the can-
cer. The differential diagnosis of the nested variant of urothelial
carcinoma includes prominent Brunn’s nests, cystitis cystica and
glandularis, inverted papilloma, nephrogenic metaplasia, carcinoid
tumor, paraganglionic tissue, and paraganglioma.79,109,110

Micropapillary carcinoma
Micropapillary carcinoma is a distinct variant of urothelial carcinoma
that resembles papillary serous carcinoma of the ovary, and approx-
imately 60 cases have been reported in the literature (Figure 3.20).
There is a male predominance and the ages of the patients range from
the fifth to the ninth decade, with a mean age of 66 years.79,111–113 The
most common presenting symptom is hematuria. The first descrip-
tion of micropapillary carcinoma consisted of 18 patients whose
ages ranged from 47 to 81 years (mean 67), with a male:female ratio
of 5:1. Seven patients died of carcinoma. The micropapillary com-
ponent is found in association with non-invasive papillary or invasive
urothelial carcinoma in 80% of reported cases, consisting of slender
delicate filiform processes or small papillary clusters of tumor cells;
when present in invasive carcinoma, it is composed of infiltrating
tight clusters of micropapillary aggregates that are often within lacu-
nae that are negative for endothelial markers.79,111–113 Twenty-five
percent of cases show glandular differentiation, and some authors
consider it as a variant of adenocarcinoma. Psammoma bodies are
infrequent. Vascular and lymphatic invasion is common, and most
cases show invasion of the muscularis propria or deeper, often with
metastases. Immunohistochemical studies in one large series dis-
closed immunoreactivity of the micropapillary carcinoma in 20 out
of 20 cases for epithelial membrane antigen (EMA), cytokeratin 7
and 20, and Leu M-1.79,111–115 The presence of a surface micropapil-
lary component in bladder biopsy specimens with cancer is an unfa-
vorable prognostic feature, and deeper biopsies may be useful to
determine the level of muscle invasion. The main differential con-
sideration is serous micropapillary ovarian carcinoma in women or
mesothelioma in both genders.

Figure 3.19
Invasive urothelial carcinoma, nested variant.

Figure 3.20
Invasive urothelial carcinoma, micropapillary variant.
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Microcystic carcinoma
The microcystic variant of invasive urothelial carcinoma is charac-
terized by the formation of microcysts, macrocysts, or tubular struc-
tures with cysts ranging from microscopic up to 1–2 cm in diameter
(Figure 3.21). The cysts and tubules may be empty or contain necrotic
debris or mucin that stains with periodic acid–Schiff stain with diastase
predigestion.79,111–115 This variant of cancer may be confused with benign
proliferations such as florid polypoid cystitis cystica and glandularis and
nephrogenic metaplasia. This pattern should be separated from the
nested variant of urothelial carcinoma with tubular differentiation.

Lymphoepithelioma-like carcinoma
Carcinoma that histologically resembles lymphoepithelioma of the
nasopharynx has recently been described in the urinary bladder,
with fewer than 40 cases reported. Disease in the urinary bladder is
more common in men than in women (3:1 ratio) and occurs in late
adulthood (range 52–81 years, mean 69 years).79 Most patients pre-
sent with hematuria. The tumor is solitary and usually involves the
dome, posterior wall, or trigone, often with a sessile growth pattern.
Histologically, it may be pure or mixed with typical urothelial carci-
noma, the latter being focal and inconspicuous in some instances79,116,117

(Figure 3.22). Glandular and squamous differentiation may be seen.

The tumor is composed of nests, sheets, and cords of undifferenti-
ated cells with large pleomorphic nuclei and prominent nucleoli.
The cytoplasmic borders are poorly defined, imparting a syncytial
appearance. The background consists of a prominent lymphoid
stroma that includes T and B lymphocytes, plasma cells, histiocytes,
and occasional neutrophils or eosinophils. Epstein–Barr virus infec-
tion has not been identified in lymphoepithelioma-like carcinoma
of the bladder. This tumor, thus far, has been found to be responsive
to chemotherapy when it is encountered in its pure form. The
epithelial cells of this tumor stain with several cytokeratin markers
as follows: AE1/AE3, CK8, and CK 7, and they are rarely positive for
CK20. The major differential diagnostic considerations are poorly
differentiated urothelial carcinoma with lymphoid stroma, poorly
differentiated squamous cell carcinoma, and lymphoma.

Immunohistochemistry reveals cytokeratin immunoreactivity in
the malignant cells, confirming their epithelial nature.79,116,117 Most
reported cases of the urinary bladder have had a relatively favorable
prognosis when pure or predominant, but when lymphoepithe-
lioma-like carcinoma is focally present in an otherwise typical
urothelial carcinoma, the disease behaves as it does in patients with
conventional urothelial carcinoma of the same grade and stage.117

Lymphoma-like or plasmacytoma-
like carcinoma
Zukerberg et al described bladder carcinoma in two patients that
diffusely permeated the bladder wall and was composed of cells with
a monotonous appearance mimicking lymphoma. The tumor cells
were medium-sized, with eosinophilic cytoplasm and eccentric nuclei
producing a plasmacytoid appearance (Figure 3.23). The epithelial
nature of the malignancy was confirmed by immunohistochemistry.
Differential diagnostic considerations include lymphoma (plasma-
cytoid type) and multiple myeloma. Identification of an epithelial
component confirms the diagnosis. In a series report of six cases, the
male:female ratio was 2:1 and the age range was 54–73 years. All
cases stained positively for cytokeratin cocktail and cytokeratin 20
and 7, and all were negative for leukocyte common antigen. Five of
six patients died of disease (mean survival, 23 months).79,111–115,118,119

Figure 3.21
Microcystic variant of urothelial carcinoma.

Figure 3.22
Lymphoepithelioma-like carcinoma of the bladder.

Figure 3.23
Plasmacytoma-like carcinoma.
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Urothelial carcinoma with
endophytic (inverted papilloma-like)
growth
The potential for misinterpretation of urothelial carcinoma with
endophytic growth as inverted papilloma is high79,81 (Figure 3.24).
By definition, this variant of urothelial carcinoma has significant
nuclear pleomorphism, mitotic figures, and architectural abnormal-
ities consistent with low- or high-grade urothelial carcinoma. In
most cases, the overlying epithelium has similar abnormalities and
often contains typical urothelial carcinoma. Inverted papilloma-type
carcinomas with minimal cytologic and architectural abnormalities
have high mitotic activity. An exophytic papillary or invasive com-
ponent is often associated with the inverted element. However, in
cases of inverted papilloma fragmented during transurethral resec-
tion, a pseudoexophytic pattern may result. In some instances, both
inverted papilloma and inverted papilloma-type carcinomas are
intimately mixed. Large papillary tumors with prominent endo-
phytic growth ‘invade’ the lamina propria with a pushing border.79,81

Unless this pattern is accompanied by true destructive stromal inva-
sion the likelihood of metastasis is minimal, because the basement
membrane is not truly breached.

Urothelial carcinoma with
syncytiotrophoblastic giant cells
Syncytiotrophoblastic giant cells are present in up to 12% of cases of
urothelial carcinoma (Figure 3.25), producing substantial amounts
of immunoreactive beta-human chorionic gonadotropin (HCG)
indicative of syncytiotrophoblastic differentiation (Figure 3.26). The
number of HCG-immunoreactive cells is inversely associated with
cancer grade. Secretion of HCG into the serum may be associated
with a poor response to radiation therapy. The most important dif-
ferential diagnostic consideration is choriocarcinoma; most but not
all cases previously reported as primary choriocarcinoma of the blad-
der represent urothelial carcinoma with syncytiotrophoblasts.79,120,121

Giant cell carcinoma
High-grade urothelial carcinoma may contain epithelial tumor giant
cells or the tumor may appear undifferentiated, resembling giant cell
carcinoma of the lung (Figure 3.27). This variant is very infrequent.
Malignant giant cells in urothelial carcinoma, when present in great
numbers, portend a poor prognosis, similar to that associated with
giant cell carcinoma in the lung. The giant cells display cytokeratin
and vimentin immunoreactivity. The differential diagnosis includes
giant cells associated with trophoblastic differentiation, osteoclast-
type giant cells in invasive high-grade urothelial carcinoma, sarco-
matoid carcinoma with giant cells, and metastatic giant cell carcinoma
to the bladder.79

Clear cell (glycogen-rich) carcinoma
Up to two-thirds of cases of urothelial carcinoma have foci of clear
cell change resulting from abundant glycogen. The glycogen-rich clear
cell ‘variant’ of urothelial carcinoma, recently described, appears to

Figure 3.24
Urothelial carcinoma with endophytic (inverted) growth.

Figure 3.25
Urothelial carcinoma with syncytiotrophoblastic giant cells.

Figure 3.26
Syncytiotrophoblastic giant cells with beta-human chorionic
gonadotropin as seen by immunohistochemistry.
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represent the extreme end of the morphologic spectrum, consisting
predominantly or exclusively of cells with abundant clear cytoplasm
that stains for cytokeratin 7 (Figure 3.28). Recognition of this pat-
tern avoids confusion with clear cell adenocarcinoma of the bladder
and metastatic clear cell carcinoma of the kidney and prostate. Cyto-
plasmic clearing as a result of thermal artifact should not be mis-
taken for this variant of bladder cancer.79,122

Sarcomatoid carcinoma
with/without heterologous elements
(carcinosarcoma)
The term sarcomatoid variant of urothelial carcinoma should be
used for all biphasic malignant neoplasms exhibiting morphologic
and/or immunohistochemical evidence of epithelial and mesenchy-
mal differentiation (with the presence or absence of heterologous
elements acknowledged in the report)4,79,120,123–127 (Figure 3.29). There
is considerable confusion and disagreement in the literature regard-
ing nomenclature and histogenesis of these tumors. As with other
organs, various terms have been used for these neoplasms, including
carcinosarcoma, sarcomatoid carcinoma, pseudosarcomatous tran-
sitional cell carcinoma, malignant mesodermal mixed tumor, spin-
dle cell carcinoma, giant cell carcinoma, and malignant teratoma. In
some series, both carcinosarcoma and sarcomatoid carcinoma are
included as ‘sarcomatoid carcinoma’. In others they are regarded as
separate entities. A previous history of carcinoma treated by radia-
tion or exposure to cyclophosphamide therapy is common.4,79,120,123–127

The gross appearance is characteristically ‘sarcoma-like’, dull
gray with infiltrative margins. The tumors are often polypoid with
large intraluminal masses. Microscopically, sarcomatoid carcinoma
is composed of urothelial, glandular, or small cell component show-
ing variable degrees of differentiation. Carcinoma in situ is present
in 30% of cases and occasionally is the only apparent epithelial com-
ponent. A small subset of sarcomatoid carcinoma may have a promi-
nent myxoid stroma. The mesenchymal component most frequently
observed is an undifferentiated high grade spindle cell neoplasm.
The most common heterologous element is osteosarcoma followed
by chondrosarcoma, rhabdomyosarcoma, leiomyosarcoma, liposar-
coma, and angiosarcoma, or multiple types of heterologous differ-
entiation may be present (Figure 3.30).

By immunohistochemistry, epithelial elements react with cytoker-
atins, whereas stromal elements react with vimentin or specific mark-
ers corresponding to the mesenchymal differentiation4,79,120,123–127

(Table 3.5). The sarcomatoid phenotype retains the epithelial nature
of the cells by immunohistochemistry or electron microscopy.
Recent molecular studies strongly argue for a monoclonal origin of
both components in sarcomatoid carcinoma and carcinosarcoma.
These two categories have similar clinical characteristics, including
patient age, gender presentation, and outcome. The most frequent
presenting signs and symptoms are hematuria, dysuria, nocturia,
acute urinary retention, and lower abdominal pain. The mean age is

Figure 3.27
Giant cell carcinoma of the bladder.

Figure 3.28
Clear-cell (glycogen-rich) urothelial carcinoma.

Figure 3.29
Sarcomatoid carcinoma of the bladder.
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66 years (range 50–77 years). Pathologic stage is the best predictor of
survival in sarcomatoid carcinoma. The major differential diagnos-
tic consideration is urothelial carcinoma with pseudosarcomatous
stroma, a rare entity with reactive stroma. In cases with exclusively
spindle cells, the main differential diagnostic consideration is sar-
coma, particularly leiomyosarcoma. The rarity of primary bladder
sarcoma warrants that any malignant spindle cell tumor in the uri-
nary bladder in an adult be considered sarcomatoid carcinoma until
proven otherwise. Immunostaining with cytokeratin is helpful in this
setting. Sarcomatoid carcinoma with prominent myxoid and sclerosing
stroma may be mistaken for inflammatory pseudotumor.4,79,120,123–127

Lipoid cell variant
Lipoid cell variant is a rare neoplasm defined by the WHO (1999,
2004)4,59,79 as a urothelial carcinoma which exhibits transition to a cell
type resembling signet-ring lipoblasts (Figure 3.31). It is currently

considered to be an ill-defined tumor variant, and whether it should
be classified as carcinosarcoma remains to be established. Clinico-
pathologic features and the immunohistochemical findings in seven
reported cases showed gross hematuria as the initial symptom. All
patients were elderly men (mean age 74 years; range 63–94 years).
On microscopic examination, the extension of the lipid cell pattern
varied from 10 to 30% of the tumor specimen, with associated
micropapillary (n � 1), plasmocytoid (n � 2), and grade 3/3 con-
ventional urothelial carcinomas (n � 4). The immunohistochemical
results showed an epithelial phenotype of the lipoid cell component
characterized by diffuse staining with cytokeratins AE1/AE3. The
reported cases were pathologic stage T2 (n � 2), T3a (n � 1), T3b
(n � 3), and T4 (n � 1). Patient follow-up showed one dead and
two alive with disease at 58, 14, and 55 months, respectively.4,79 Two
patients showed no evidence of disease at 11 and 29 months. Two
additional patients died of other causes at 10 and 15 months.

Undifferentiated carcinoma
This category contains tumors that cannot be otherwise classified.
To our knowledge, they are extremely rare.79 Earlier literature has
reported small cell carcinoma, giant cell carcinoma, and lymphoep-
ithelioma-like carcinoma in this category, but these tumors are now
recognized as specific tumor variants (see respective sections). Large
cell undifferentiated carcinomas as in the lung are rare in the urinary
tract, and those with neuroendocrine features should be recognized
as a specific tumor variant. Rare cases showing multinucleated giant
cells or a streaking rhabdoid phenotype have been recently recog-
nized.79,128,129

Urothelial carcinoma with
prominent stromal reaction
Infiltrating urothelial carcinoma may be associated with a variety
of stromal reactions, which are occasionally pronounced. Urothelial

Figure 3.30
Osteosarcomatous differentiation in a case of sarcomatoid
carcinoma of the bladder.

Table 3.5 Immunohistochemical profiles of spindle
cell lesions of the bladder

CK SMA/MSA/ EMA Vimentin ALK-1
desmin

Postoperative �/� �/� � � �

spindle cell nodule
Inflammatory �/� �/� � � �

myofibroblastic
tumor
Malakoplakia � � � � �

and caruncle
Sarcomatoid � � � � �

carcinoma
Leiomyosarcoma – � – � �
Lymphoepithelioma- � � � � �
like carcinoma

CK � cytokeratin; SMA � smooth muscle actin; MSA � muscle-specific actin;
EMA � epithelial membrane antigen; ALK1 � anaplastic lymphoma kinase 1.

Figure 3.31
Invasive urothelial carcinoma, lipoid-cell variant.
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carcinoma may have a pseudosarcomatous stroma, which rarely dis-
plays sufficient cellularity, cytologic atypia, spindle cell proliferation,
or myxoid appearance to raise serious concern about sarcomatoid
carcinoma. The stromal cells reveal immunohistochemical evidence
of fibroblastic or myofibroblastic differentiation and invariably are
cytokeratin negative or focally positive.4,79,118,120,123–127 Tumor-associated
osseous and/or chondroid metaplasia is present in some cases of
urothelial carcinoma and its metastases, and this should be differen-
tiated from osteosarcoma or chondrosarcoma. The metaplastic bone
or cartilage is histologically benign. Zukerberg et al118 described the
presence of osteoclast-like giant cells in two cases of invasive high-
grade urothelial carcinoma; a finding rarely reported.76,128 The giant
cells had abundant eosinophilic cytoplasm and numerous small,
round, regular nuclei and displayed immunoreactivity for vimentin
and CD68 but not for epithelial markers. It seems not to be related
to prognosis. An inflammatory cell response in the stroma adjacent
to the invasive tumors is relatively common. This response usually
takes the form of a lymphocytic infiltrate with a variable admixture
of plasma cells. Generally, this cellular reaction is mild to moderate,
but occasionally it may be dense. Sometimes a neutrophilic response
is observed, with or without extensive eosinophilic infiltrate, sug-
gesting that, in the absence of a cellular response, the carcinoma is
likely to be more aggressive. In a recent study, intense inflammation
in bladder carcinoma was found to be associated with tumor angio-
genesis and indicative of a good prognosis. Exclusion of lymphoep-
ithelioma-like carcinoma of the urinary bladder is mandatory when
there is extensive inflammation in the stroma.79,130–134

Prognostic morphologic factors

Grade
Several studies have investigated the role of tumor grade on tumor
recurrence, progression, and mortality. The majority have demon-
strated that grade is a better prognostic indicator of progression and
mortality than recurrence,4,20,85,135 in particular grade 3 disease,
which is in some studies the main predictor of progression and mor-
tality. Simlarly, progression rates of 2%, 11%, and 45% for grade 1,
2, and 3 diseases, respectively, have been reported.15,53,54,64,85,136,137

Furthermore, when stratified by stage of disease, tumor grade has been
correlated with mortality. Jakse et al reported the following 10-year
survival rates for patients with initial stage Ta or T1 disease: 95% for
TaG1 compared to 84% for TaG3; and 78% for T1G2 compared to
50% T1G32–4 (Table 3.6).

Stage
Since Ta tumors are, by definition, confined to the basement mem-
brane without access to lymphatics and vessels, these lesions tend to
remain localized2 (Table 3.7). The National Bladder Cancer Cooper-
ative Group studies of the 1970s provide some insight into the nat-
ural course of superficial bladder cancer with regard to stage
following TUR and no adjuvant intravesical therapy. Recurrence
with progression to muscle invasion was found within 3 years in
only 4% of patients with initial Ta tumors (without associated atypia
or CIS) and 11% of Ta tumors with associated atypia.4,25,34,85,99,103

Table 3.6 Current prognostic factors in bladder
cancer

Number of tumors
Cancer size �5 cm in diameter
Tumor extent (stage)
Histologic grade
Coexistent dysplasia or CIS
Tumor growth pattern
Vascular/lymphatic invasion
Lymph node involvement
Recurrence at 3-month follow-up cystoscopy
Molecular markers (p53, RB, cadherins, p63, cyclin D1, cyclin D3
and others)
Others: DNA ploidy, Ki67-MIB1

Table 3.7 TNM classification of bladder cancer
(2002 revision)83

Primary tumor (T): urinary bladder
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Papillary non-invasive carcinoma
Tis Carcinoma in situ: ‘flat tumor’
T1 Tumor invades subepithelial

connective tissue
T2 Tumor invades muscle
T2a Tumor invades superficial muscle

(inner half)
T2b Tumor invades deep muscle 

(outer half)
T3 Tumor invades perivesical tissue
T3a Microscopically
T3b Macroscopically (extravesical mass)
T4 Tumor invades any of the

following: prostate, uterus, vagina,
pelvic wall, and abdominal wall

T4a Tumor invades prostate or uterus 
or vagina

T4b Tumor invades pelvic wall or
abdominal wall

The suffix ‘m’ should be added to the appropriate T category to
indicate multiple tumors. The suffix ‘is’ may be added to any T to
indicate the presence of associated carcinoma in situ

Regional lymph nodes (N)
NX Regional lymph nodes cannot be

assessed
N0 No regional lymph node metastasis
N1 Metastases in a single lymph node,

2 cm or less in greatest dimension
N2 Metastases in a single lymph node,

more than 2 cm but not more
than 5 cm in greatest dimension,
or multiple lymph nodes, none
more than 5 cm in greatest
dimension

N3 Metastasis in a lymph node more
than 5 cm in greatest dimension

Distant metastasis (M)
MX Distant metastasis cannot be 

assessed
M0 No distant metastasis
M1 Distant metastasis
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Patients with low-grade Ta disease have a propensity for tumor
recurrence despite low progression rates. In a long-term follow-up
study of 255 patients with low-grade Ta disease, approximately 70%
of patients had repeat resections for tumor recurrence whereas only
2% of patients progressed to muscle invasive disease.24,53,54 When
these patients were subclassified based on the new WHO/ISUP clas-
sification system 37% were PUNLMP and 63% were low-grade
urothelial carcinomas. As expected, recurrence rates of PUNLMP
were significantly lower that those with low-grade urothelial carci-
noma, 35% vs 71%, respectively.24,53,54 The incidence of high-grade
Ta lesions is rare, and varies between 2 and 9% of all cases of super-
ficial bladder cancer. Despite the relatively low malignant potential
component of being Ta, it is the high-grade component that has a
significant impact on progression and poses a considerable problem
for the clinician. Even with intravesical treatments, nearly 50%
recur, 25% progress to muscle invasive disease, and 4% can cause
mortality. Therefore, these lesions should be regarded as malignant,
and demand vigorous treatment and follow-up.24,53,54

Most T1 bladder cancers are high-grade lesions with potential for
recurrence, progression, and death.24,53,54 These lesions are frequently
understaged or misclassified. van Der Meijden et al95 assessed
pathology results from 1400 patients treated in European Organiza-
tion for Research and Treatment of Cancer randomized trials com-
paring various treatment strategies for superficial bladder cancer. In
this study, 10% of patients originally staged T1 by local pathologists
were found to have evidence of muscle invasion on review.95 Fur-
thermore, tumors that lack muscle in the initial resected specimen
are subsequently associated with residual tumor burden or muscle-
invasive disease at repeat resection in up to one half of cases. Impor-
tantly, a second TUR for T1 tumors is recommended as at least 30%
of patients with T1 disease will be upstaged at the time of second
TUR, and even higher if no muscle is present in the original TUR
specimen.95 The risk of residual tumor on second TUR is also signif-
icant. Therefore, for patients with T1 disease, a second TUR should
be performed within 1 to 4 weeks following the initial resection. A
third of patients with T1 tumors eventually progress to muscle-invasive
disease. Furthermore, as aforementioned, the depth of submucosal
invasion may be prognostically significant. The prognosis of high-
grade T1 tumors is variable and multifactorial, based on additional
tumor histopathologic characteristics.95 The presence of concomi-
tant CIS confers a particularly poor prognosis, with up to 80% pro-
gressing to muscle-invasive disease. It is clear that high-grade T1
disease represents a potentially lethal disease class that may warrant
early radical cystectomy, particularly when conservative management
with intravesical therapy fails. Pathologic staging is the most impor-
tant regarding risk assessment and in dictating patient management.95

Carcinoma in situ
The presence of associated CIS may be ominous, as patients are at
increased risk of progression and death from bladder cancer.19 In
one study, the recurrence rate increased to 73% in patients with dys-
plasia or CIS, compared to a 43% recurrence rate without CIS. One
half of patients presenting with either diffuse and symptomatic CIS
or with associated papillary lesions progress to muscle-invasive dis-
ease, and as many as 40% will ultimately die of bladder cancer.
Patients who present with marked urinary symptoms generally have
a shorter interval preceding the development of muscle-invasive
cancer. Reliable prognostic factors that predict the course of CIS do
not currently exist; however, some studies have suggested that

response to intravesical chemotherapy or immunotherapy can be
used to predict progression and death from the disease.19

Number of tumors
The number of tumors is an important risk factor for tumor recur-
rence. Recurrences for solitary bladder tumors vary from 18 to 60%,
while rates for multiple tumors ranges from 40 to 90%. In a multi-
variate analysis of prognostic variables, Herr reported that the factor
most predictive of recurrence is tumor multifocality, while tumor
stage and grade correlated to a lesser degree.101,136

Size
Tumor size may be a prognostic factor for superficial bladder can-
cer, with a reported progression to muscle invasion seen in 35%
of patients with superficial tumors larger than 5 cm, compared to
only 9% of patients with small bladder tumors.32,51,53,54 Others report
that tumor size may influence tumor stage, but not progression.2–4,136

Other prognostic factors
Time to first bladder cancer recurrence may also be an important
variable. In a group of 414 Ta tumors, it was reported that if no
recurrence occurred in the first follow-up cystoscopy, 79% had no
further recurrence for the remainder of the follow-up. However, in
patients with a follow-up recurrence at 3 months, only 10% were
without any recurrence during the remainder of the follow-up
period.2–4 In addition, as reported above, the presence of vascular
or lymphatic invasion has been identified as a poor prognostic
sign.85,102,103 Although lymphovascular invasion may be difficult to
ascertain due to interobserver variability and the fact that it could be
confused with retraction artifact, it has been shown to increase the
risk of death to 70% with the presence of vascular invasion. Recent
data suggest that removal of more lymph nodes may provide a bet-
ter outcome, as well as more accurate pathologic findings, in
patients with bladder cancer. Also, extracapsular extension of pelvic
lymph node metastasis in patients with surgically treated bladder
cancer could be an important prognostic factor.85,102,103

Based on previously established data, some risk group classifica-
tion systems or nomograms combining the aforementioned prog-
nostic factors have been suggested. By combining stage and grade,
risk groups were classified as low – grade 1 stage Ta disease and a sin-
gle grade 1 stage T1 tumor; intermediate – multiple grade 1 stage T1
tumors, grade 2 stage Ta disease or a single grade 2 stage T1 tumor;
and high – multiple grade 2 stage T1 tumors, grade 3 stages Ta or T1
disease, and any stage disease associated with CIS. Recurrence, pro-
gression, and overall survival were significantly different among the
three groups. Low-risk and intermediate-risk patients demonstrated
37% and 45% risk of recurrence, respectively, without significant
risk for progression or death from bladder cancer. On the other
hand, in the high-risk category, risk of recurrence, progression and
mortality was 54%, 15%, and 9.5%, respectively. Similarly, a com-
bined analysis of patients from seven EORTC trials facilitated the
calculation of short- and long-term risks of recurrence and progres-
sion based on multiple factors including stage, grade, presence of
CIS, multifocality, size, and history of prior recurrence21,25 findings
that should be reported (Table 3.8).
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Other carcinomas of the urinary
bladder

Squamous cell carcinoma
A malignant neoplasm derived from the urothelium showing histo-
logically pure squamous cell phenotype137,138 (Figure 3.32). Schistoso-
miasis and chronic urinary tract infection are conditions associated
with the development of squamous cell carcinoma. If an identifiable
urothelial element including urothelial CIS is found, the tumor
should be classified as urothelial carcinoma with squamous differen-
tiation. The presence of keratinizing squamous metaplasia in the
adjacent flat epithelium, especially if associated with dysplasia, sup-
ports a diagnosis of squamous cell carcinoma. The invasive tumors
may be well differentiated with well-defined islands of squamous
cells with keratinization, prominent intercellular bridges, and minimal
nuclear pleomorphism. They may also be poorly differentiated, with
marked nuclear pleomorphism and only focal evidence of squamous
differentiation. The verrucous form of squamous cell carcinoma is
an uncommon variant that occurs most frequently in patients with
schistosomiasis, accounting for 3 to 4.6% of bladder cancers in such
a setting; however, isolated cases have been described in the litera-
ture from non-endemic areas137,138 (Figure 3.33). Rare cases in the
literature have a verrucous-like morphology with some invasive
component.138 It is recommended not to diagnose these cases as ver-
rucous carcinoma. A basaloid pattern of squamous cell carcinoma
has been reported, and a clear cell pattern of squamous cell carci-
noma of the bladder is under discussion. T-stage, lymph node
involvement, and tumor grade have been shown to be of indepen-
dent prognostic value. Patients undergoing radical surgery appear to
have an improved survival as compared to radiation therapy and/or
chemotherapy.137,138

Primary adenocarcinoma
A malignant neoplasm derived from the urothelium showing histo-
logically pure glandular phenotype122,139–146 (Figure 3.34). It accounts
for 0.5–2% of all malignant bladder tumors and two major cate-
gories have been recognized: (1) those arising in the bladder proper
and (2) those arising from the urachal remnants.146 Adenocarci-
noma of the urinary bladder occurs more commonly in males than
in females, with a peak incidence in the sixth decade of life. Hema-
turia is common. Adenocarcinoma of the bladder may show different
patterns of growth; these include: (1) enteric (colonic) type, (2) ade-
nocarcinoma not otherwise specified (NOS), (3) signet-ring cell, (4)
mucinous (colloid), (5) clear cell, (6) hepatoid, and (7) mixed forms.
The NOS type consists of an adenocarcinoma with a non-specific

Table 3.8 Practice parameters for handling and
reporting bladder specimens with cancer (checklist)

General information
■ Pertinent clinical information: name, medical record number,

data, referring physician, relevant clinical history past and present

Gross description

■ Fresh or fixed specimen

■ Nature of the specimen: biopsy, chips (TURB), partial cystectomy,

radical cystectomy, cystoprostatectomy, ‘en bloc’ resection

■ Total weight of resected tissue fragments (TURB); three-

dimensional measurements of recognizable anatomic structures

and tumors or other recognizable lesions

■ Site of involvement, gross fat extension

Diagnostic and prognostic information

■ Histologic tumor type: urothelial, squamous, adenocarcinoma,

other

■ Tumor grade: use current grading schemes (WHO 2004, WHO

1973, or both)

■ Extent of tumor in bladder (degree of invasion)*

■ No invasion

■ Invasion of the suburothelial connective tissue, muscularis

propria, perivesical tissue

■ Presence or absence of lymphatic/vascular invasion

■ Tumor arising in a diverticulum (state whether muscularis

propria is present)

■ intraepithelial abnormalities (dysplasia, CIS)

■ report focality or multifocality

■ Report presence of pagetoid spread of CIS (this finding is not

dysplasia)

■ extent of tumor in organs attached to the bladder

■ Prostate: direct extension to the prostate, involvement of

prostatic urethra, involvement of prostatic ducts with or

without stromal involvement

■ Ureter and urethra: report any dysplastic/neoplastic change of

the mucosa, and report any invasion into adjacent suburothelial

connective tissue or muscularis propria

■ Seminal vesicles: report spread of carcinoma in these organs

either through epithelium or by direct extension of an

infiltrative tumor

■ Vagina/uterus: report direct extension or metastasis to either organ

■ Surgical margins: report status of ureteral/urethral margins.

Report perivesical margin involvement

■ Report important associated conditions such PIN and

adenocarcinoma of the prostate

■ Lymph nodes: report presence or absence of metastasis. If

metastases are present state number and size of the largest one

(�2.0 cm, 2.1–5 cm, �5 cm)

Features considered optional in the final report
■ Invasion of the muscularis mucosa, if present; T1

substaging with micrometer, or just focal/wide

suburothelial connective tissue invasion

■ Genetic abnormalities

■ Cytometric examination

■ Morphometric examination

Table 3.8 (Continued)

■ p53, ki-67

■ Growth factors and receptors

■ Other immunohistochemical markers

■ Stage: use TNM/AJCC 2002 revision (T1–T4, N, and M)

*Immunohistochemistry may be useful in selected cases using either
cytokeratin for suburothelial connective tissue invasion or vascular
endothelial markers for vascular invasion.

(Contuined)
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glandular growth. The enteric type closely resembles adenocarci-
noma of the colon.122,139–146 Tumors that show abundant mucin with
tumor cells floating within the mucin are classified as mucinous or
colloid type. The signet-ring cell variant may be diffuse or mixed, and
can have a monocytoid or plasmacytoid phenotype. An extremely
rare variant of adenocarcinoma is the clear cell type (mesonephric),
which consists of papillary structures with cells that exhibit a hobnail
appearance122,139–144 (Figure 3.35). The hepatoid type (Figure 3.36) is
also rare and consists of large cells with eosinophilic cytoplasm that
are reactive for alpha-fetoprotein141 (Figure 3.37). Finally, it is not
uncommon to find a mixture of these growth patterns. Adenocarci-
noma in situ may be found in the urinary bladder alone or in com-
bination with an invasive adenocarcinoma.

Figure 3.32
Well-differentiated squamous cell carcinoma of the urinary
bladder.

Figure 3.33
Squamous cell carcinoma of the urinary bladder, verrucous type.

Figure 3.34
Primary mucinous adenocarcinoma of the bladder arising in the
urachus.

Figure 3.35
Clear cell adenocarcinoma of the bladder.

Figure 3.36
Hepatoid adenocarcinoma of the bladder.
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There is no generally accepted grading system ascribed to adeno-
carcinoma of the bladder. The immunohistochemical profile of these
tumors that has been reported in the literature is variable and closely
matches that of colonic adenocarcinomas including its neuroen-
docrine differentiation. Reports of CK 7 positivity are variable, while
CK-20 is reported to be positive in most bladder adenocarcinomas.
Villin has recently been reported to be positive in enteric type
adenocarcinomas of the urinary bladder and beta-catenin has been
reported to be of help in distinguishing primary adenocarcinoma of
the bladder from metastatic colonic adenocarcinoma.133 Stage is the
most important prognostic factor. It is important to distinguish
between urachal and non-urachal adenocarcinomas, especially for
treatment purposes. Among histologic types of adenocarcinoma,
pure signet-ring cell carcinoma carries the worst prognosis.145

Small cell carcinoma
Small cell carcinoma is a malignant neuroendocrine neoplasm
derived from the urothelium which histologically mimics its pul-
monary counterpart79 (Figure 3.38). In a recent series of 64 cases of
small cell carcinoma of the urinary bladder all the patients except
one had muscle-invasive disease at presentation.5,147 Thirty-eight
patients (59%) underwent cystectomy and 66% of patients had lymph

node metastasis at the time of cystectomy with regional lymph nodes,
bone, liver, and lung being the most common locations. Twenty
cases (32%) were pure small cell carcinoma and 44 cases (68%) con-
sisted of small cell carcinoma with other histologic types (urothelial
carcinoma, 35 cases; adenocarcinoma, 4 cases; sarcomatoid urothe-
lial carcinoma, 2 cases; and 3 cases with both adenocarcinoma and
urothelial carcinoma). Patients with organ-confined cancers had
marginally better survival than those with non-organ-confined can-
cer (p � 0.06).5 At gross examination, most tumors appear as a large
solid, isolated, polypoid, nodular mass with or without ulceration,
and may extensively infiltrate the bladder wall. The vesical lateral walls
and the dome are the most frequent topographies but rare cases may
arise in a diverticulum.

At histology, they consist of small, rather uniform cells, with
nuclear molding, scant cytoplasm, and nuclei containing finely stip-
pled chromatin and inconspicuous nucleoli. Mitoses are present and
may be frequent. Necrosis is common and there may be DNA
encrustation of blood vessels walls (Azzopardi phenomenon). Most
cases have areas of urothelial carcinoma, sometimes in the form of
flat urothelial carcinoma in situ and, exceptionally, squamous cell
carcinoma, adenocarcinoma, or sarcomatoid carcinoma.147 The
immunohistochemical profile reveals neuronal-specific enolase in
87% of cases, and chromogranin A only in a third of cases. Some
cases are also reactive against synaptophysin, PGP 9.5, thyroid tran-
scription factor-1 (TTF-1), p53 (DO7), and Ki67 (MIB-1).148 The find-
ing of c-kit and c-erbB2 expression by immunohistochemistry opens
new possibilities for therapy in small cell carcinoma of the bladder.149

The prognosis of small cell carcinoma of the urinary bladder
remains poor irrespective of therapy. Electrolyte abnormalities such
as hypercalcemia or hypophosphatemia, and ectopic secretion of
ACTH, have also been reported as part of the paraneoplastic syn-
drome associated with primary small cell carcinoma of the bladder.
The diagnosis of small cell carcinoma can be made on morphologic
grounds alone, even if neuroendocrine differentiation cannot be
demonstrated. Frequently, small cell carcinoma expresses cytoker-
atin which supports the hypothesis of urothelial origin.147 Data
obtained by comparative genomic hybridization suggest that uri-
nary bladder small cell carcinoma is a genetically unstable tumor, typ-
ically exhibiting a high number of cytogenetic abnormalities. The
differential diagnosis is metastasis of a small cell carcinoma from
another site, lymphoma, lymphoepithelioma-like carcinoma, plasma-
cytoid carcinoma, and a poorly differentiated urothelial carcinoma.5

Secondary carcinoma involving
the bladder
Practicing pathologists should be aware of the incidence and histo-
logic appearances of secondary neoplasms of the urinary bladder,
with emphasis on the points of distinction from primary tumors and
their histologic variants.149 In a retrospective study of 282 tumors,
secondary bladder neoplasms represented 2.3% of all malignant
bladder tumors in surgical specimens at one institution.149 The com-
monest primary sites were the colon (21% of secondary neoplasms),
prostate (19%), rectum (12%), and cervix (11%). Most tumors from
these sites reached the bladder by direct spread. The most common
distant sites of origin of tumors metastatic to the bladder were stom-
ach (4.3% of all secondary bladder neoplasms), skin (3.9%), lung
(2.8%), and breast (2.5%). Secondary tumor deposits were almost
always solitary (96.7%), and 54% were located in the bladder neck or
trigone. Histologically, 54% of secondary tumors were adenocarci-
nomas. Immunohistochemical staining patterns with prostate-specific

Figure 3.37
Hepatoid adenocarcinoma of the bladder, alpha-fetoprotein
immunohistochemistry.

Figure 3.38
Small cell carcinoma of the bladder.
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acid phosphatase, prostate-specific antigen, carcinoembryonic anti-
gen, chromogranin, and neurone-specific enolase were similar in
primary vesical and urachal adenocarcinomas and secondary adeno-
carcinomas from the gastrointestinal tract. It was concluded that the
incidence of secondary bladder tumors is comparable to that of pri-
mary non-urothelial carcinomas.149

Differential diagnosis
Few secondary tumors have distinctive histologic features making it
difficult to make the appropriate diagnosis, hence knowledge of the
history and clinical investigation are particularly important in these
cases.

Immunohistochemistry is extremely important in distinguishing
primary tumors of the urinary bladder from metastasis. A particu-
larly important exercise is the differential diagnosis of glandular
tumors that can occur primarily and secondarily in the bladder. In
addition to clinical information which is essential, some immuno-
histochemical markers have been proposed in the recent literature
to assist in this differential; i.e. urothelial carcinoma with glandular
differentiation can be distinguished from colonic adenocarcinoma
because the former is CK7-positive, CK20-positive, and villin-nega-
tive, whereas the latter is CK20-positive, villin-positive, and CK7-
negative; lack of CDX2 and villin immunostaining signals points
strongly to a bladder primary adenocarcinoma.79,98 Prostate adeno-
carcinoma rarely represents a differential diagnostic problem when
extending into the bladder, but in rare cases basal cell markers such
34ßE112 cytokeratin and p63, which are usually negative in prostate
cancer, and PSA immunostaining may be helpful. Recently, it has
been suggested that uroplakin II could be a marker for molecular
diagnosis of nodal metastases from bladder cancer.133

Soft tissue tumors of the urinary
bladder
These are all rare and have been described in small series and iso-
lated case reports. Myofibroblastic proliferations, including the
inflammatory myofibroblastic tumor and the postoperative spindle
cell nodule, still represent a degree of uncertainty in terms of classi-
fication and differential diagnosis. Other rare benign lesions of the
bladder include leiomyomas, hemangiomas, and neurofibromas,
with other examples of soft tissue tumors rarely described. Differen-
tiation of benign from malignant lesions is critical to avoid overly
aggressive therapy. Malignant mesenchymal tumors of the urinary
bladder include leiomyosarcoma, rhabdomyosarcoma, angiosar-
coma, and malignant fibrous histiocytoma (undifferentiated sar-
coma). Recognizing these spindle cell lesions and differentiating
them from sarcomatoid carcinoma is important as they have differ-
ing prognostic as well as therapeutic implications.

Myofibroblastic proliferations

Inflammatory myofibroblastic
tumor
Inflammatory myofibroblastic tumor (IMT) of the bladder (inflam-
matory pseudotumor, inflammatory pseudosarcomatous fibromyx-
oid tumor, nodular fasciitis, pseudosarcomatous myofibroblastic

tumor, fibromyxoid pseudotumor, and inflammatory myofibro-
blastic tumor)150,151 was initially described as a lesion showing spin-
dle cells in a myxoid stroma with scattered chronic inflammation
(Figure 3.39). Typical mitoses were present but the lesion infiltrated
the muscle. There was no recurrence after resection. Clinical presen-
tation includes hematuria, abdominal pain, bladder mass, cystitis, or
obstructive symptoms. Grossly, the lesion is either a polypoid mass
or a submucosal nodule. The tumor may or may not cause surface
ulceration and the cut surface is often pale, firm, and gelatinous.150,151

At histology, there is a spindle cell proliferation with elongated
eosinophilic cyotoplasmic processes in a loose edematous or myxoid
background. Nuclei may be large with occasional atypia. Single,
prominent nucleoli may be identified. Occasional mitotic figures are
seen, none of which is atypical; mitotic rates vary from 0 to 20 mitoses
per 10 hpf (high-power field). Inflammation, usually chronic con-
sisting of a lympho-plasmacytic infiltration, is seen.150,151 Some lesions
have eosinophils or neutrophils, which may be focally prominent.
Extravasated red blood cells may be present. Three identifiable his-
tologic patterns including the most common nodular fasciitis-like
pattern with myxoid, vascular, and inflammatory areas, a fibrous-
histiocytoma pattern with more compact spindle cell proliferation
and scattered lymphocytes, plasma cells or eosinophils; and a scar or
desmoid-like pattern with dense collagen have been reported.150,151

Infiltration into the muscularis propria or even perivesical involve-
ment may be seen in IMT. Typically, the lesion occurs in young
patients, with a female predominance, ranging from 9 to 42 years of
age. Tumor size ranges from 1.5 to 13 cm. Follow-up data of IMT
have revealed no evidence of metastases, but the lesion may recur
after surgery.150,151

Immunohistochemical reactivity has been variable, so it may or
may not be helpful in differentiating IMT from other spindle cell
lesions of the bladder (Table 3.5). Immunoreactivity of IMT for actin
and vimentin is usually seen, although it may be focal. P53 staining
is weak or absent in IMT and postoperative spindle cell nodule
(PSCN) but strongly and diffusely positive in rhabdomyosarcoma
and leiomyosarcoma or sarcomatoid carcinoma. Pancytokeratin
reactivity, which may be patchy, is seen in many cases of IMT, but
cytokeratin may be seen in other tumors such as leiomyosarcomas.
Actin may not help differentiate benign from malignant tumors as
alpha-smooth muscle actin (SMA) has been found positive in 43%
of sarcomas, 63% of IMT, and an intermediate percentage of post-
operative spindle cell nodule (PSCN). Rhabdomyosarcoma rarely
expresses SMA but leiomyosarcoma often does. Iczkowski et al150

Figure 3.39
Inflammatory myofibroblastic tumor.
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found three of 11 IMT, 2 of 3 PSCN, and 0 of 8 sarcomas were reac-
tive for desmin, which may be present also in leiomyosarcoma. IMT
shows variable staining for EMA. IMT is negative for myoglobin,
whereas rhabdomyosarcoma often exhibits positive immunostaining
for skeletal muscle markers such as myogenin or MyoD1. McKen-
ney152 states the strong coexpression of SMA and cytokeratin to be
characteristic of vesical myofibroblasts.

The main differential diagnosis includes PSCN (described below),
embryonal rhabdomyosarcoma, and leiomyosarcoma. The differen-
tiation between IMT and PSCN is somewhat academic, as both are
similar and are felt to represent the same process. PSCN reportedly
is more likely to have eosinophils.150,151 IMT can be confused with
myxoid leiomyosarcoma since both may have a myxoid stroma.
Morphologically, the leiomyosarcoma is more uniform in its cellu-
larity with more cytologic atypia, while the IMT has a more promi-
nent network of small blood vessels and more inflammatory
infiltrates.150,151 IMT may have necrosis at the site of surface ulcera-
tion and may infiltrate the detrussor muscle, but does not exhibit
deep necrosis as may be seen in a sarcoma. However, in a recent
series by Harik et al,153 32% of cases showed necrosis in the deep
bladder wall, two of which were extensively necrotic. Recently, pos-
itive cytoplasmic immunostaining for anaplastic lymphoma kinase
(ALK-1) has been identified in 89% of IMT in the bladder. The
ALK-1 staining was confirmed by fluorescence in situ hybridization
(FISH), with translocation of the ALK gene on chromosome 2p23 in
some cases. It has been suggested that ALK negative cases have a
lower chance of recurring.133 Neither ALK-1 staining nor translocation
of the ALK-1 gene was identified in any cases of bladder leiomyosar-
coma or rhabdomyosarcoma. However, non-bladder spindle cell
lesions may display ALK-1 expression in 40% of IMT, 19% of rhab-
domyosarcomas, and 10% of leiomyosarcomas.

Harik et al153 proposed that there is enough evidence to distinguish
‘pseudosarcomatous myofibroblastic proliferations’ of the bladder
from IMT of childhood, which is often associated with systemic
symptoms, such as fever and weight loss, as well as laboratory abnor-
malities, such as anemia, thrombocytosis, and polyclonal hypergam-
maglobulinemia.

Postoperative spindle cell nodule
Postoperative spindle cell nodule may be seen in both genders
months after surgical instrumentation and is characterized by nod-
ules up to 4 cm in size in the lower genital and lower urinary
tract.150–153 Patient age ranged from 29 to 79 years and the presenting
symptoms included hematuria and obstruction, or just incidental
finding. Microscopically the tumors were described as uniform,
composed of intersecting fascicles of plump spindle cells with deli-
cate vasculature, focal hyalinization, and moderate collagen in some.
The spindle cells had abundant, tapering, eosinophilic cytoplasm.
The nuclei varied only slightly in size. Numerous mitotic figures,
ranging from 1 to 25 per 10 hpf, without evidence of atypia, were
identified. All lesions had ulceration with acute inflammatory cells
as well as scattered chronic inflammatory cells in deeper areas. The
tumor had infiltrating margins with smooth muscle destruction.
Moderate edema and small foci of hemorrhage were identified.
There was no cytologic atypia. Follow-up revealed no recurrences or
metastases; eosinophilia may be prominent. Immunohistochemical
staining was positive for cytokeratin AE1/AE3, CAM5.2, and
vimentin in some. Other cases were immunoreactive for vimentin
only. Key to distinguishing these lesions from sarcoma was the lack
of necrosis or myxoid degeneration, lack of nuclear atypia, lack of

metastatic potential, and predominance of chronic over acute
inflammation. P53 was the only immunostain found to differentiate
benign (rare reactive cells) from malignant (stronger, more diffuse
reactivity) soft tissue tumors.150–153 The differential diagnoses for
PSCN include sarcomatoid carcinoma, myxoid leiomyosarcoma,
rhabdomyosarcoma, and malignant fibrous histiocytoma (see IMT
section for discussion). Harik et al153 proposed that the PSCN and
the inflammatory pseudotumor, which occurs without a history of
surgical procedure, are indistinguishable and should be classified as
‘pseudosarcomatous myofibroblastic proliferation’.

Benign soft tissue tumors

Leiomyoma
Although rare, leiomyoma is the most common benign neoplasm of
the bladder (Figure 3.40). A review by Goluboff et al154 of 37 cases
reported that 59% occurred in the third through sixth decades, with
an average patient age of 44 years. Seventy-six percent occurred in
women. Presenting symptoms included obstructive symptoms (49%),
irritative symptoms (38%), hematuria (11%), flank pain (13%), and
asymptomatic (19%). Tumors were most often endovesical, fol-
lowed by extravesical or intramural. Grossly, these tumors are typi-
cally small, well-circumscribed, white without hemorrhage or
necrosis, and a tumor size of 1.6 to 5.8 cm. Microscopically, leiomy-
omas consist of intersecting fascicles of smooth muscle cells with
moderate to abundant eosinophilic cytoplasm. They usually display
only low cellularity without evidence of myxoid change. Nuclei are
oval to cigar-shaped, centrally located, and blunt-ended. They are
without significant nuclear atypia and without evidence of mitotic
activity or necrosis. Examples of angioleiomyoma have been reported.

Figure 3.40
Submucosal leiomyoma.
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Leiomyoma displays immunoreactivity for SMA, actin, desmin, and
vimentin. Some may express CD34 but most are usually negative for
cytokeratin and S-100 protein. Excision is usually curative.154

Hemangioma
The largest series of bladder hemangiomas to date includes 19
patients compiled by Cheng et al.155 In this series the mean age at
time of diagnosis was 58 years; previous reports indicated the lesion
occurred in all age groups, but usually under age 30 years. Cheng
reported a male:female ratio of 3.7:1. The usual presenting symptom
is gross hematuria; other reported symptoms include irritative void-
ing and abdominal pain. Endoscopically, a sessile, blue, raised mass
may be seen. These lesions are usually small (median 0.7 cm). Most
often, hemangiomas are found on the posterior and lateral walls of
the bladder. The most common type of hemangioma reported in the
bladder is cavernous; much less frequent are capillary or arterio-
venous types. Histologically, these lesions are identical to those at
other sites. Effective conservative treatment consists of biopsy with
or without fulguration. After such treatment, none of the 19 patients
in Cheng’s series developed recurrence (mean follow-up 6.9 years).155

The differential diagnosis for bladder hemangioma includes angiosar-
coma and Kaposi sarcoma, both of which exhibit more cytologic
atypia. Exuberant granulation tissue contains prominent inflam-
mation, which is not a significant feature of hemangioma. Multiple
hemangiomas may be associated with syndromes predisposing
to their development, including Klippel–Trenaunay–Weber and
Sturge–Weber syndromes. Bladder hemangioma is a rare lesion with
a favorable outcome.

Neurofibroma
Neurofibroma of the urinary bladder is rare; most occur in the set-
ting of neurofibromatosis type 1 rather than as isolated lesions. Clas-
sically, neurofibromas of the urinary bladder occur in young patients
with a slight male predominance, an average age at diagnosis of 17
years, and a male:female ratio of 1:1. Presenting symptoms include
hematuria, irritative symptoms, and pelvic mass. Neurofibroma is a
benign, probably neoplastic tumor of the nerve sheath. It consists of
a proliferation of Schwann cells, perineurium-like cells, fibroblasts,
and intermediate type cells. The histologic findings are the same
as in neurofibromas of other organs. Classically, they present as
hypocellular proliferation of spindle cells, loosely arranged into fas-
cicles with scattered ‘shredded carrot’ bundles of collagen. Individ-
ual cells have wavy, bland nuclei. In the series by Cheng et al,156 three
of four were transmural with both diffuse and plexiform growth
patterns. Another case had diffuse submucosal involvement with
subepithelial pseudo-Meissnerian corpuscle formation on biopsy
examination. Areas of diffuse involvement were hypocellular with
small to medium sized spindle cells with ovoid to elongate nuclei in
a collagenized matrix. A few mast cells were present. Immunohisto-
chemical staining was reactive in all cases for S-100 protein as well as
type IV collagen. Three were reactive for neurofilament protein in
axons, and two neurofibromas expressed ALK-1 protein.133 The dif-
ferential diagnosis of bladder neurofibroma includes other spindle
cell tumors such as leiomyoma, PSCN, inflammatory pseudotumor,
low grade leiomyosarcoma, other nerve sheet tumors, and, rarely,
rhabdomyosarcoma.156

Granular cell tumor
This tumor is rarely seen in the urinary bladder but cases reported
occurred in adult patients 23 to 70 years of age. There is no gender
predilection. They are usually solitary, well-circumscribed, and vary
in size up to 12 cm. At histology, the cells have abundant granular
eosinophilic cytoplasm and vesicular nuclei. S-100 protein can be
identified in the tumor cells. A congenital granular cell tumor of the
gingiva with systemic involvement including the urinary bladder has
been reported. To date, only one malignant granular cell tumor of
the bladder has been described.

Other benign soft tissue tumors
A solitary fibrous tumor of the urinary bladder has recently been
recognized.133 It occurs in older patients who present with pain or
hematuria. Two of the seven cases that have been reported were inci-
dental findings. The tumor is typically a polypoid submucosal mass.
Histopathologic features include spindle cells arranged haphazardly
in a variably collagenous stroma. Dilated vessels reminiscent of
hemangiopericytoma are present. All solitary fibrous tumors of the
bladder have had a benign course, although the number of cases is
small, and follow-up has been short term in several cases. The pro-
liferating cells typically express CD34 immunoreactivity. Paragan-
glioma (pheochromocytoma) has slight female predominance; it
usually occurs in young patients (�50 years) and �80% of cases are
functional with hematuria and hypertension during voiding. At cys-
toscopic examination, and biopsy, small (�3 cm), dome-shaped
nodules covered by normal mucosa, usually located in the trigone or
dome, are present. Histologically it is similar to paraganglioma of
other body sites, with intact covering urothelium. Chromogranin
is characteristically positive. Some urothelial carcinomas may
mimic morphologically paraganglioma in transurethral resection
specimens.153–155

Clear cell myomelanocytic tumor is a member of the family of
perivascular epithelioid cell tumors. The one reported case arose
from the muscularis propria of the urinary bladder in a 33-year-old
woman. Clear to eosinophilic, epithelioid, and spindled cells arranged
in fascicles or packets were a characteristic feature with delicate vas-
cular stroma among the nests. Immunohistochemically it was posi-
tive for HMB-45 -and smooth muscle actin, and negative for S-100
protein, melan-A, desmin, and pan-cytokeratin. The patient was
reported to be free of the disease 6 years following excision of the
tumor.156,157

Malignant soft tissue tumors

Leiomyosarcoma
Leiomyosarcoma is the most common malignant mesenchymal
tumor of the urinary bladder in adults158,159 (Figure 3.41). It is very
rare and ranges from 15 to 75 years of age, with the average age in the
sixth to eighth decades. There is a male predominance. Presenting
symptoms include gross hematuria, obstruction, dysuria, or abdom-
inal mass. It is seen most often in the dome followed by the lateral
walls. Several morphologic variants including myxoid and epithelioid
have been described. Grossly, the tumor is large, unencapsulated,
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and often polypoid, and exhibits invasive growth into all layers of
the bladder. Usually leiomyosarcoma is firm or fleshy with a fibrous
or myxoid appearance; some are hemorrhagic or necrotic, often with
surface ulceration. At histology, there is significant nuclear pleo-
morphism with hyperchromasia and irregular nuclear membranes
(usually readily identifiable at low power), tumor cell necrosis,
increased mitotic activity, and infiltration of the muscularis propria.
The majority of the tumors are moderately or well differentiated.
Grading is based on the presence of cytologic atypia and mitotic
activity: low-grade leiomyosarcoma (�5 mitoses per hpf), mild to
moderate cytologic atypia, minimal necrosis, and an infiltrative
margin; high-grade leiomyosarcoma as having moderate to marked
cytologic atypia, with �5 mitoses per hpf and/or abundant necrosis.
Grade seems to be determinant in prognosis.158,159 Interlacing bun-
dles and fascicles of elongated, eosinophilic cytoplasmic processes
and spindled to elongate hyperchromatic nuclei are common.
Highly pleomorphic, vesicular nuclei with macronucleoli and often
bizarre mitotic figures, interspersed with some multinucleate giant
cells, characterize high-grade lesions. Myxoid leiomyosarcoma may
contain moderate numbers of thin-walled blood vessels, and epithe-
lioid leiomyosarcoma has rounded tumor cells, which occasionally
present clear and vacuolated cyotoplasm. Some leiomyosarcomas
develop after the administration of cyclophosphamide and appear
years after completion of therapy. Acrolein, a degradation product
of cyclophosphamide, is thought to be the causative agent.159

Immunohistochemically, leiomyosarcomas usually stain positively
for SMA (43–100%), vimentin, and desmin (0–60%). They are usu-
ally negative for epithelial markers including low molecular weight
cytokeratins (CAM5.2, AE1/AE3) (10%�overall) and epithelial
membrane antigen (5%�overall). ALK-1 immunostain is usually
negative. Leiomyosarcoma must be differentiated from several other
tumors including leiomyoma, sarcomatoid carcinoma, rhabdomyo-
sarcoma, postoperative spindle cell tumor, or pseudosarcomatous
myofibroblastic proliferations. Sarcomatoid carcinoma can be rec-
ognized by a history of a high-grade urothelial carcinoma or the
presence of associated transitional in situ or invasive carcinoma.
Therefore, extensive tissue sampling is recommended. Immunohis-
tochemical staining in sarcomatoid carcinoma will be positive for
low molecular weight cytokeratin and EMA. Sarcomatoid carci-
noma immunostaining is usually negative for myogenous markers
such as desmin and SMA, although it may be diffusedly positive.

While leiomyosarcomas may show cytokeratin immunoreactivity,
the pattern is usually focal or patchy.

Rhabdomyosarcoma may have a myxoid appearance but this
tumor is extremely rare in adults. The presence of cross-striations
and a cambium layer as well as positive staining for myogenin, both
seen with rhabdomyosarcoma, can help differentiate these two
tumors.133,158,159

Rhabdomyosarcoma
Rhabdomyosarcoma (RMS) is infrequently seen in the urinary blad-
der in childhood and adolescence (Figure 3.42). Indeed, RMS is the
most frequent malignant tumor of the bladder in children; there is a
slight male predominance.160 Children with neurofibromatosis type 1
have an increased prevalence of RMS with a predominance of blad-
der or prostate primaries. A handful of cases in the literature have
described bladder RMS in adults. Although the prognosis in
adults appears poor, there have been advances made in the treat-
ment of childhood RMS leading to improved survival with pre-
served bladder function.

The classic presenting symptom for RMS is hematuria, but it may
also present with an abdominal mass or obstructive symptoms. The
most frequent site of involvement is adjacent to the trigone, an area
which makes partial cystectomy difficult. Several histologic variants
of RMS are seen in the bladder, with embryonal including the botry-
oid subtype being the most common. Grossly, RMS, including the
sarcoma botryoides variant, often appears as a polypoid gelatinous
and lobulated mass protruding into the bladder lumen, with vari-
able hemorrhage and necrosis. Most tumors have a covering super-
ficial epithelium. The botryoid embryonal RMS demonstrates a
‘cambium’ layer, or condensed layer of rhabdomyoblasts under the
intact epithelium, under which may be a pauci-cellular myxoid
tumor.160 These areas may be admixed with more cellular areas
and the tumor infiltrates deeply into the muscle wall. At histology,
well-differentiated tumor cells (rhabdomyoblasts) may be small and
elongated with frequent cross-striations, and have hyperchromatic
nuclei. Less differentiated rhabdomyoblasts have been described as
medium sized to large, irregularly shaped hyperchromatic nuclei
with a small rim of cytoplasm and a high mitotic rate. Often atypical
mitotic figures and bizarre cells are seen. Another rare variant reported
to occur in the bladder is the alveolar RMS, which has closely packed

Figure 3.41
Bladder leiomyosarcoma.

Figure 3.42
Bladder rhabdomyosarcoma.
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The overlying urothelium may be normal or necrotic. The tumor is
often large at presentation and involves all layers of the bladder
wall. Four morphologic variants are recognized, including myxoid,
inflammatory, storiform-fascicular, and pleomorphic.162 Histologi-
cally, these tumors are composed of spindled or polygonal cells with
variably sized oval to round nuclei displaying coarse chromatin and
prominent nucleoli. Mitotic activity is moderate to high. Multinucle-
ated giant cells are scattered throughout. In addition, many inflam-
matory cells, especially neutrophils have been identified between
tumor cells in cases of inflammatory type MFH. Immunohisto-
chemical stains can help differentiate MFH from other spindle cell
neoplasms in the bladder. Typically, MFH is non-reactive for cyto-
keratin. It is often reactive for vimentin and alpha-1-antichy-
motrypsin, and focally reactive for CD68. Some tumors have
reportedly stained strongly positive for neuron-specific enolase and
S-100. Several tumors enter into the differential diagnosis of
MFH.133 Sarcomatoid carcinoma of the bladder may have a similar
appearance, but an epithelial component immunoreactive to cytok-
eratin and EMA may be identifiable. Differentiating MFH from IMP
or PSCN may be difficult. Mixed acute and chronic inflammatory cells
and a history of a surgical procedure favor PSCN. MFH of the bladder
is a highly aggressive tumor with a high local recurrence rate and fre-
quent metastasis. Treatment is usually surgical with chemotherapy and
radiation, but is often unsuccessful at inducing prolonged survival.

Osteosarcoma of the urinary tract
Defined as a malignant tumor showing osteoid production, osteosar-
coma of the urinary bladder occurs in male patients 60–65 years of
age. Some may follow earlier radiation therapy for urothelial carci-
noma. Most osteosarcomas arise in the trigone region. Hematuria,
dysuria, urinary frequency, and recurrent urinary tract infections
are the most common presenting symptoms. Osteosarcoma of the
urinary bladder most frequently presents as a solitary, large, poly-
poid, gritty, often deeply invasive, variably hemorrhagic mass. Tumor
size is variable. Histologically, it is a high-grade, bone-producing
sarcoma. Foci of chondrosarcomatous differentiation and/or spin-
dle cell areas may also be observed. Variably calcified, woven bone
lamellae are rimmed by malignant cells showing obvious cytologic
atypia (as opposed to stromal osseous metaplasia occurring in some
urothelial carcinomas). By definition, a recognizable malignant
epithelial component should be absent, allowing discrimination

alveolar spaces separated by thin fibrovascular septa lined by a single
layer of cuboidal or polygonal hyperchromatic tumor cells in a hob-
nail pattern. Tumor cells floating in the alveolar spaces have also
been described. The solid type of alveolar RMS grows in confluent
sheets, but the cells are similar to those in the classic pattern. Mixed
alveolar and embryonal types behave as an alveolar RMS. Interest-
ingly, the botryoid subtype, which tends not to infiltrate deeply into
the muscle, has an overall better prognosis than either deeply infiltrat-
ing endophytic embryonal tumors or the alveolar RMS. Immuno-
histochemical stains of RMS usually show positivity for desmin and
MyoD1 or myogenin.133 Also, muscle-specific actin, myoglobin, and
myosin may be positive. Rhabdomyoblasts may stain for neuron-
specific enolase and cytokeratin less frequently. The alveolar variant
has been reported to stain focally with S-100. The differential diag-
nosis of bladder RMS includes IMT, leiomyosarcoma, neurofibroma,
and sarcomatoid carcinoma. These tumors can often be distinguished
on morphologic grounds.160 A clinical history of a childhood tumor
is helpful. Immunohistochemistry will often point towards muscle
skeletal differentiation.

Angiosarcoma
Angiosarcoma of the bladder, which arises from blood vessel
endothelium, is exceedingly rare and carries a very poor prognosis
(70% of patients dying within 2 years of diagnosis). Angiosarcoma
can arise in any part of the bladder and the age ranges from 38 to 85
years.161 There is a male predominance. The development of angiosar-
coma has been linked to certain environmental exposures including
vinyl chloride, arsenic, and therapeutic irradiation. All cases have
presented with hematuria. Other reported symptoms include flank
or groin pain and dysuria. The disease has often extended locally
beyond the bladder or metastasized at time of presentation. Fre-
quent sites of metastases are lung and liver. Histologically, angiosar-
coma of the bladder has been described as anastomosing vascular
channels lined by atypical endothelial cells that often are pleomor-
phic with large hyperchromatic nuclei, prominent nucleoli, and
mitoses. Lining cells may protrude into the lumen, imparting a hob-
nail appearance. There may be no intervening stroma. Vascular chan-
nels range in size from small capillaries to sinusoidal spaces.161 A
solid growth pattern of monomorphic (epithelioid) cells with vesic-
ular chromatin and moderate eosinophilic cytoplasm arranged in
sheets and nests has also been described; infiltration into the deep
muscle layer may be present. Immunohistochemically, angiosar-
coma stains positively for vimentin, CD31, and CD34.133 The only
reported epithelioid angiosarcoma of the bladder was negative for
cytokeratins. The differential diagnosis for angiosarcoma of the
bladder is hemangioma, which is usually small and lacks cytologic
atypia, anastomosing channels, and solid areas. Kaposi sarcoma may
be seen in the urinary bladder, especially in immunocompromised
patients. Also in the differential is high-grade urothelial carcinoma.

Malignant fibrous histiocytoma
(undifferentiated sarcoma)
Primary malignant fibrous histiocytoma (MFH) of the bladder is
rare.162 It occurs more commonly in men from 45 to 79 years of age,
with gross hematuria at time of presentation. MFH consists of spindle
and pleomorphic cells with a storiform pattern of growth (Figure 3.43).

Figure 3.43
Malignant fibrous histiocytoma of the bladder.
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from carcinosarcoma, which is the most important differential diag-
nosis consideration.125 Osteosarcoma of the urinary tract is an
aggressive tumor with poor prognosis. A majority of patients have
advanced stage at presentation and die of disease within 6 months.
Lung metastases occur later in the course of the disease. The stage of
the disease at time of diagnosis is the best predictor of survival.125

Other malignant soft tissue tumors
arising in the bladder
Primary primitive neuroectodermal tumors (PNET) of the bladder are
extremely rare and aggressive neoplasms163 (Figure 3.44). Morphologic
features correspond to a small, blue, round cell tumor without rosette
formation and extensive areas of necrosis. Tumor cells show strong
expression of CD99, vimentin, and CD 117 (c-kit), and focal reactivity
to cytokeratin and S-100 protein. Ultrastructural study revealed sparse
neurosecretory granules. Molecular genetic analysis supports the diag-
nosis of PNET by showing the EWS/FLI-1 fusion transcript type 2 by
RT-PCR and EWS gene rearrangement by FISH (Figure 3.45). A
patient treated with imatinib following systemic chemotherapy and
radical surgery was still alive after 4 years’ follow-up.163

Other malignant mesenchymal neoplasms such as malignant
peripheral nerve sheath tumor, liposarcoma, chondrosarcoma, and
Kaposi sarcoma very rarely involve the bladder. The diagnosis of
primary liposarcoma and malignant peripheral nerve sheath tumor
of the bladder requires that bladder involvement by direct extension
from another site be excluded. In the case of primary bladder chon-
drosarcoma, sarcomatoid carcinoma must be excluded.125 A single
case of alveolar soft part sarcoma arising in the bladder has recently
been reported.

Molecular pathology of bladder
cancer

Molecular prognostic markers
An important question in clinical practice concerns the possibility of
increasing the predictive value beyond staging, grading, and other
classical prognostic factors by adding biomolecular markers. The
topic has been and is under extensive investigation.4,133 Three main
fields are of urologic importance,68 that is: (1) prognostic markers in
superficial (Ta/T1) bladder tumors, (2) markers potentially helpful
in selecting the best possible treatment for patients with invasive
(T2–T4) bladder cancer, and of particular importance in selecting
the appropriate precystectomy chemo/radiotherapy or targeted thaer-
apy, and (3) the clinical significance of studies using DNA/RNA
array technology. It is hoped that this information can guide clinicians
in future to predict response to presurgical systemic chemotherapy,
irradiation, or other treatment modalities.68

Concerning prognostic markers in stage Ta/T1 tumors, a great
number of new markers have been investigated in recent years.
Although none of them can be recommended at present for routine
use, these studies represent a substantial improvement in our
knowledge of the disease. It is considered that p53 and tumor pro-
liferation index are the most promising immunohistochemical
markers.23,69–71,135,164 However, after extensive investigation into the
prognostic role of p53 over the last decade, evidence is not sufficient
to conclude whether changes in p53 are valid markers of outcome in
this subset of bladder tumors. Likewise, p53 has been a topic of con-
siderable discussion. Meta-analysis results of over 3700 patients in
43 trials have shown that p53 correlates with tumor stage and grade,
but it is unclear whether it has independent prognostic information.

Concerning tumor proliferation, markers such as ki-67 yield more
promising results. Increasing evidence suggests that the high prolif-
eration rate in bladder tumors can be used in defining more objec-
tively pathologic grade of bladder tumors. In fact, a significant increase
in proliferation rate in all categories of the 2004 WHO grading sys-
tem can objectively establish risk categories.23,69–71,135,164 However, the
use of the ki-67 proliferation index for prognosis of bladder cancer
awaits validation in prospective clinical studies. Cytokeratin 20
(CK20) is another marker for tumors of low stage and grade, and is
expressed in the umbrella cells of normal urothelium and reactive
atypia. When CK20 expression in bladder tumors is limited to the
umbrella cells it is associated with a mild disease course, while
expression in the entire urothelium in more than 10% of the tumor
cells is associated with higher tumor grade and an increased risk of
progression and recurrence. In urothelial carcinoma in situ, intense
CK20 expression is found in the majority of malignant cells.

Another relevant issue actively under investigation is the question
whether presently available biomarkers can guide uro-oncologists to

Figure 3.44
Primary primitive neuroectodermal tumor of the bladder.

Figure 3.45
Primary primitive neuroectodermal tumor of the bladder, CD99
immunoreactivity.
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apply presurgical systemic chemotherapy.23,69–71,135,164 At this point, a
few clinical trials are ongoing with various chemotherapeutic regimens,
mainly using p53, epidermal growth factor receptor (EGFr), tumor
proliferation rate, p16, pRb, or HER2/neu. Whereas p53 dysfunc-
tion is clearly associated with a poor prognosis, it remains unclear
precisely how tumors harboring TP53 mutations respond to radio-
therapy and chemotherapy. On the one hand, reports indicate that
urothelial tumors with functional p53 undergo apoptosis more
readily and respond more favorably to chemotherapeutic agents and
radiotherapy than those with a mutant p53. On the other hand, evi-
dence indicates that patients with p53 alterations are more respon-
sive to DNA-damaging agents, such as cisplatin and doxorubicin,
and survive longer after adjuvant chemotherapy than patients with
wild-type p53, a finding of clinical relevance. Some multicenter
chemotherapy trials based on the status of p53 in bladder cancer are
underway, and should help resolve this important issue. These
studies are best considered as promising research investigations,
but none of them can be recommended at present for routine
use.23,69–71,135,164,165

Concerning the use of DNA arrays as prognosticators in bladder
cancer, studies at the present time are limited, but some reports
reach over 70% correct classification of bladder tumors in terms of
prognostic grouping of patients, and therefore it should be consid-
ered a promising research tool.26,166 Gene expression profiling by
DNA microarray analysis (‘gene chips’) has provided new insights
into the biology of bladder carcinoma and has been proposed as a
new tool for the prediction of disease outcome.

Gene-chip studies have demonstrated that urothelial carcinoma
can be clustered into different tumor stages and grades based on the
overall gene expression profile alone. Several gene clusters that char-
acterize superficial or invasive tumors have been identified. Superfi-
cial tumors, in general, showed increased expression levels of genes
involved in protein synthesis and metabolism as well as of several
genes involved in cell-cycle progression. Expression levels of genes
that regulate the immune system, cell adhesion, extracellular matrix,
remodeling, and angiogenesis were associated with muscle invasion
and tumor progression. By the application of statistical analyses,
cytokeratin 20, neuropilin-2, p21 (WAF1), and p33ING1 were 
identified as the top-ranked molecular markers linked to patient
survival.26,166–168

Further analysis by immunohistochemistry demonstrated that
cytokeratin 20 and neuropilin-2 were associated with tumor grade
and stage. Furthermore, multivariate analysis revealed that high
p33ING1 expression was linked to poor patient survival. Finally,
two proteins, caveolin-1 and keratin 10, have been detected in early
squamous metaplasia and squamous cell carcinoma of the bladder.
It is known that squamous cell carcinoma is more resistant to radio-
therapy and chemotherapy compared with conventional UC. Thus,
the presence of those proteins before the morphologic identification
of the squamous phenotype may aid in the selection of patients who
can benefit from other therapeutic regimens.26,166–168

Molecular pathogenesis of early
bladder cancer
Superficial (stage Ta or T1) bladder tumors have at least two path-
ways for development and progression which may explain the dif-
ferences in the invasive and metastatic potential of the disease
among specific cases.26,30,166–169 Activation of the receptor tyrosine
kinase (RTK)–Ras pathway and deletion of chromosome 9 are

mainly responsible for the early development of papillary Ta super-
ficial bladder tumors, which also includes mutation of fibroblast
growth factor receptor 3 (FGFR3) in 60–70%, and of HRAS in
30–40% of cases. Partial or total deletion of chromosome 9 occurs in
urothelial hyperplasia and low-grade papillary Ta tumors. Both 9q
and 9p losses are involved in development of these neoplastic
lesions. Indeed, a tumor suppressor gene may be located in the
region at 9q32–33 (DBCCR1). In addition, it has been suggested
that another tumor suppressor gene is located in the 9p21 region in
the INK4A/ARF locus because the region encodes both p16 and p14.
Homozygous deletion of this region downregulates both the RB and
p53 pathways, which arrest cell-cycle progression. Furthermore,
homozygous deletion at the p16INK4A/ARF locus is associated with
superficial cancer having recurrent tumors of higher grade and
larger size. Although chromosome 9 deletions were initially indi-
cated to be early events in the development of low-grade Ta bladder
tumors, they were subsequently revealed to participate in the devel-
opment of high-grade cancer and, sometimes, of dysplasia and CIS.
Mutations in the fibroblast growth factor receptor 3 (FGFR3) gene
are very frequent in low-stage and low-grade urothelial tumors of
the urinary bladder (about 75%). FGFR3 mutations occur less fre-
quently in pT1G3 tumors, and are very rare in carcinoma in situ
(pTis). Furthermore, patients with primary bladder cancers with an
FGFR3 mutation were shown to have a significantly better progno-
sis than patients without a mutation. FGFR3-mutated pTa and pT1
tumors are therefore regarded as tumors with low malignant poten-
tial and a favorable prognosis.26,30,166–169

Increased proliferation activity using ki-67 immunohistochem-
istry (IHC) and TP53 mutations are both markers that indicate an
unfavorable disease course. However, bladder tumors with an
increased immunoreactivity for ki-67 and TP53 progress less often
when an FGFR3 mutation is present. FGFR3 and TP53 were found
to be almost mutually exclusive, suggesting that they both represent
different pathways in bladder cancer development. The combina-
tion of FGFR3 mutation analysis and ki-67 IHC, defined as molecu-
lar grading, could be superior to histologic grading alone in the
prediction of progression and survival of bladder cancer patients.
Therefore, advances in the understanding of the pathogenesis of
bladder cancer, such as mutations of the FGFr3 and HRAS genes,
and deletions of several regions on chromosome 9 (not only in
developed tumors but also in adjacent ‘normal-looking’ urothelium)
might define a low-risk pathway for bladder tumors and represent a
research topic for developing future therapeutic targets.26,30,166–169

Chromosomal abnormalities
Loss of heterozygosity (LOH) of chromosome 9 has attracted much
attention because it is present during the earliest stages of urothelial
tumorigenesis.30,170–174 Independent methods such as cytogenetics,
LOH analyses, comparative genomic hybridization (CGH), and
array CGH consistently detect deletions of both arms of the chro-
mosome in urothelial carcinomas. LOH of 9q is more prevalent in
the low-grade, non-invasive papillary tumors than in CIS and inva-
sive tumors. Both 9q and 9p losses are a hallmark of low-grade non-
invasive papillary tumors and urothelial hyperplasia. Strikingly,
even the normal-appearing urothelium that is adjacent to the tumor
lesion harbors this chromosomal abnormality. However, Hartmann
and colleagues found chromosome 9 deletions in both microdis-
sected dysplastic urothelium and in CIS lesions, indicating that
chromosome 9 deletions do not distinguish between the two
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tumorigenesis pathways.42,43 Nevertheless, another possibility is that
the deleted regions harbor tumor suppressor genes. For instance, 
the cyclin-dependent kinase inhibitor 2A (CDKN2A) gene resides
on 9p21 and encodes two alternatively spliced products, INK4A and
ARF, which induce cell-cycle arrest through the retinoblastoma pro-
tein (RB) and p53 signaling pathways, respectively.30,170–174 Although
point mutations involving CDKN2A are rare in urothelial tumors,
heterozygous and homozygous deletions of the gene are found in as
many as 30–50% of these tumors. Functional inactivation of
CDKN2A through methylation can also occur. Methylation of CpG
islands of CDKN2A occurs in 67% of urothelial carcinoma speci-
mens and this methylation correlates well with the absence of gene
expression. Another candidate gene, termed tuberous sclerosis 1
(TSC1), resides on 9q34 and is found mutated in up to 12% of the
urothelial tumors.42,43,66 However, it remains unclear whether TSC1
defects contribute preferentially to one or the other of the urothelial
tumorigenesis pathways.

Deletions that affect several other chromosomes are frequently
found in urothelial carcinomas, indicating that other tumor-sup-
pressor genes are involved. Of particular interest is the loss of 8p,
which occurs in 25–30% of urothelial carcinomas and is primarily
associated with high-grade and late-stage tumors.30,170–174 Another
example is the LOH of 15q, which occurs in about 40% of urothelial
carcinomas. Further studies are required to determine whether the
DNA repair gene RAD51, which is located at 15q15.1, functions as a
tumor suppressor in urothelial carcinogenesis or tumor progression.66

Molecular bladder pathways and
emerging therapies
Defining the genetic pathways of urothelial tumorigenesis provides
a framework for devising rational, pathway-based therapies that will
hopefully move beyond the current ‘standard of care’ therapies such
as surgery, immunotherapy, chemotherapy, and radiotherapy. For
example, the majority of low-grade, non-invasive papillary urothe-
lial tumors have either HRAS or FGFR3 mutant proteins; therefore,
inhibiting one or more component(s) of the RTK–Ras signaling
pathway could have a therapeutic effect, minimizing the need for
surgical intervention. Similarly, because over half of invasive
urothelial tumors have deficiencies in the p53 and/or RB pathways,
restoring these pathway functions could curb tumor growth, pro-
mote apoptosis, and prevent progression.30,165–174

Clonality analysis of multiple
urothelial tumors
The development of multifocal tumors in either a synchronous or
metachronous manner in the same patient is a common characteris-
tic of this type of malignancy.170–174 The multiple coexisting tumors
have often arisen before clinical symptoms become apparent and the
separate tumors may or may not share a similar histology. Two the-
ories have been proposed to explain the frequent occurrence of
urothelial tumor multifocality. One theory, the monoclonal theory,
suggests that the multiple tumors are of monoclonal origin, arising
from a single malignant transformed cell which proliferates and
spreads throughout the urothelium either by intraluminal spread

with secondary implantation at different sites within the urinary
tract or by intra-epithelial migration.170–174 The second theory, ‘field-
effect theory’, explains tumor multifocality as developing secondary
to a field-cancerization effect precipitated by carcinogens causing
independent genetic alterations at different sites within the urothe-
lial lining and leading to the development of multiple, genetically
unrelated tumors. The issue of monoclonal versus oligoclonal origin
of multifocal urothelial carcinomas is clinically important because
an understanding of patterns of early tumor development must be
considered in the development of appropriate treatment and surgi-
cal strategies and in the genetic detection of recurrent or residual
tumor cells in post-treatment urine samples. There continues to be
no consensus on which of the theories is most important in the
development of multifocal urothelial carcinoma. Whereas many
studies have suggested a monoclonal origin for multifocal urothelial
carcinoma, other studies have clearly shown an independent origin
for some multicentric urothelial tumors using a similar method-
ologic approach, that is microsatellite alterations and X-chromo-
some inactivation status in separate urothelial carcinomas from the
same patients.170–174

Whereas the two theories are not mutually exclusive, it is
unknown which mechanism is more important in leading to
urothelial tumor multifocality. Detailed characterization and com-
parison of genetic alterations in the cells of separate tumors provides
information about the clonal evolution of multifocal cancer. Loss of
heterozygosity has been shown at various chromosomal loci in
urothelial carcinomas. The chromosomal regions where LOH has
been detected are thought to contain specific genes, the disruption
of which leads to either neoplastic transformation or progression.
Recently, evidence has been found for the independent origin of
multifocal urothelial carcinomas in the majority of patients with
multifocal urothelial carcinomas. The observation of many patients
having two tumors with identical allelic loss patterns and a third or
fourth tumor with a different LOH pattern provides evidence that
both the monoclonal and field effect theories may be of importance
in bladder carcinogenesis. Whereas tumor multifocality seems to be
an oligoclonal phenomenon in the majority of cases, other studies
do find support for the monoclonal hypothesis in some cases, there-
fore suggesting that both field-cancerization and monoclonal tumor
spread may coexist in the same patient.170–174
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Introduction

The incidence of prostate cancer (PCa) has risen dramatically in the
past decade, probably owing to early detection programs that employ
digital rectal examination, serum prostate-specific antigen, and trans-
rectal ultrasonography.1 In developed countries, PCa is the most
commonly diagnosed non-skin malignancy in males.1 It is estimated
that 1 in 6 males will be diagnosed with PCa during their lifetime,

the risk of death due to metastatic PCa being 1 in 30.2 Multiple fac-
tors contribute to the development of PCa as well as to its progres-
sion to an androgen-independent state:2 dietary factors, inherited
susceptibility factors, gene defects, and androgens and their
receptors.3–5
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Part 1
Proposed preneoplastic lesions and 
conditions

Prostatic intra-epithelial
neoplasia
Prostatic intra-epithelial neoplasia (PIN) refers to the pre-invasive
end of the continuum of cellular proliferations within the lining of
prostatic ducts, ductules, and acini. Initial references to such lesions
were apparently made by Orteil,6 Andrews,7 and Kastendieck and
Helpap,8 but these authors did not distinguish these findings from
mimics of PIN. In 1965, McNeal9 emphasized the possible premalig-
nant nature of proliferative changes in the prostatic epithelium, but
his description included a variety of findings. Twenty-one years later,
McNeal and Bostwick10 described, for the first time, reproducible
diagnostic criteria for the recognition of what they referred to as
‘intraductal dysplasia’, and introduced a three-grade classification
system. The following year, Bostwick and Brawer11 proposed the
term of prostatic intra-epithelial neoplasia as a replacement for
intraductal dysplasia, and this new term was promulgated in 1989 at
a workshop on prostate preneoplastic lesions sponsored by the
American Cancer Society and National Cancer Institute.12 Terms
such as intraductal dysplasia, severe dysplasia, large acinar atypical
hyperplasia, duct–acinar dysplasia, and intraductal carcinoma are
discouraged. The 1989 conference recommended compression of the
PIN classification into two grades: low-grade (formerly PIN grade l)
or high-grade PIN (formerly PIN grades 2 and 3) (HGPIN). The clin-
ical significance of HGPIN was considered substantial at that time,
whereas low-grade PIN was considered largely inconsequential.

Diagnostic criteria for HGPIN
The classification of PIN into low-grade and high-grade is chiefly based
on the cytologic characteristics of the cells (Figures 4.1(A)–(C)). The
nuclei of cells composing low-grade PIN are enlarged, vary in size,
have a normal or slightly increased chromatin content, and possess
small or inconspicuous nucleoli. HGPIN is characterized by cells
with large nuclei of relatively uniform size, an increased chromatin
content, which may be irregularly distributed, and prominent
nucleoli that are similar to those of carcinoma cells. The basal cell
layer is intact or rarely interrupted in low-grade PIN, but may have
frequent disruptions in high-grade lesions. Although the cytologic
features of low-grade and high-grade PIN are fairly constant, the
architecture shows a spectrum varying from a flattened epithelium
to a florid cribriform proliferation.

There are four main patterns of HGPIN: tufting, micropapillary,
cribriform, and flat. The tufting pattern is the most common, present
in 97% of cases, although most cases have multiple patterns. There
are no known clinically important differences between the architec-
tural patterns of HGPIN, and their recognition appears to be only of
diagnostic utility. Other unusual patterns of HGPIN include the
signet-ring cell pattern, small cell neuroendocrine pattern, mucinous

pattern, and microvacuolated (foamy) pattern.13,14 The presence of
HGPIN with various histologic patterns provides additional support
for a close relationship between HGPIN and the variants of invasive
carcinoma of the prostate.15

There is inversion of the normal orientation of epithelial prolifer-
ation with HGPIN; proliferation predominately occurs in the basal
cell compartment in the benign epithelium, whereas, in HGPIN, the
greatest proliferation occurs on the luminal surface, similar to pre-
invasive lesions in the colon (tubular adenoma) and other sites.

HGPIN spreads through prostatic ducts and ductules in multiple
different patterns, similar to prostatic carcinoma. In the first pattern,
neoplastic cells replace the normal luminal secretory epithelium,
with preservation of the basal cell layer and basement membrane. This
pattern often has a cribriform or near-solid appearance. Foci of HGPIN
are usually indistinguishable from ductal spread of carcinoma by
routine light microscopy; this was the main argument employed two
decades ago to discard the terms ‘intraductal dysplasia’ and ‘intraduc-
tal carcinoma’ in the prostate. In the second pattern, neoplastic cells
invaginate between the basal cell layer and columnar secretory cell
layer (‘pagetoid spread’), a very rare finding.11

HGPIN and cancer are usually multicentric.16 HGPIN is multicen-
tric in 72% of radical prostatectomies with cancer, including 63% of
those involving the non-transition zone and 7% of those involving
the transition zone; 2% of cases have concomitant single foci in all
zones. The peripheral zone of the prostate, the area in which the
majority of prostatic carcinomas occur (70%), is also the most
common location for HGPIN. Cancer and HGPIN are frequently
multicentric in the peripheral zone, indicating a ‘field’ effect similar
to the multicentricity of urothelial carcinoma of the bladder.

Early stromal invasion, the earliest evidence of carcinoma, occurs
at sites of acinar outpouching and basal cell disruption in acini with
HGPIN (Figure 4.1(D)). Such microinvasion is present in about 2%
of high-power microscopic fields of HGPIN, and is seen with equal
frequency with all architectural patterns.11,17,18 Foci of HGPIN associ-
ated with small cancers are lined by a crowded, pseudostratified epithe-
lium, in contrast with the simple columnar or cuboidal lining of the
malignant acini.19 In some cases, a small tubular malignant acinus
appears to originate abruptly from a dysplastic duct wall.10,11,17–19

Relationship of HGPIN to 
prostate cancer
Evidence linking HGPIN and prostate cancer has been found in
morphologic, immunohistochemical, morphometric, molecular,
and genetic studies.20–22 Virtually all such studies have indicated that
HGPIN is related more closely to prostate cancer than to benign
epithelium.

Several authors have reported an increasing frequency of
HGPIN with advancing age and its association with prostate cancer.
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Bostwick and Brawer11 demonstrated that the frequency of HGPIN
in prostates with cancer is significantly increased when compared
with prostates without cancer. McNeal and Bostwick10 reported that
HGPIN was present in 82% of step-sectioned autopsy prostates with
cancer, but only in 43% of benign prostates from patients of similar
age. Qian et al23 found that 86% of whole-mount radical prostatec-
tomy (RP) specimens with cancer contained HGPIN, usually within 
2 mm of the cancer. The extent of HGPIN in prostates with cancer was
also increased when compared with those without cancer. HGPIN was
more extensive in small cancers than in larger cancers, presumably 
due to ‘overgrowth’ or obliteration of HGPIN by larger cancers.

The predominant location of HGPIN is the peripheral zone of the
prostate where most cancers arise. The majority of foci of HGPIN
are exclusively in the peripheral zone (or non-transition zone) (in
one study, 63% of the cases) or simultaneously in the peripheral and
transition zones (36%), and only rare cases (1%) are exclusively in
the transition zone.24–26 Other authors have reported a higher fre-
quency of HGPIN in the transition zone, with a range of 2–37% of
the cases.26–29 Kovi et al30 reported that the highest frequency of
involvement of the transition zone (37%) was in prostatectomies
with cancer, while this finding was significantly lower in studies of
transurethral resection specimens.

Reproducibility in the diagnosis 
of HGPIN
Two studies have addressed the issue of interobserver and intra-
observer variability in the identification of HGPIN.31,32 Discrepancies

between HGPIN and possible mimics fell into two main groups; one
group included cases with prominent cytologic atypia without
prominent nucleoli, whereas, in the other group, HGPIN was exten-
sive or stood out at low magnification, but prominent nucleoli were
not evident.

Discrepancies were greatest between HGPIN or cancer with crib-
riform proliferations.32 The ductal pattern of carcinoma may have
extensive necrosis or complex papillary fronds with fibrovascular
cores, whereas these features are uncommon in HGPIN.

Other discrepancies arose in separating HGPIN and HGPIN with
cancer.32 HGPIN is occasionally associated with small acinar out-
pouchings or tangential sections which raise the important consider-
ation of the minimum threshold for cancer. When the small atypical
acini are too numerous and too crowded to be outpouchings or sim-
ply tangential sections, then cancer can be diagnosed. Immunohis-
tochemical stains for the basal cell layer may be of some value, but
reliance on negative staining for the diagnosis of cancer should only
be made when the light microscopic findings are sufficiently com-
pelling by themselves. HGPIN shows a discontinuous basal cell layer
when labeled with the antibody to high-molecular-weight keratin,
but benign glands may not always be labeled with this antibody.
Allam et al31 found that the variability in the identification of HGPIN
was related to the level of expertise in prostatic pathology, the
conditions of the study, the subjective applications of diagnostic
criteria, and the influence of peers and clinical colleagues. These
authors found that variability is linked to the fact that the cut-off
point for HGPIN can vary within a certain range in the continuous
spectrum of HGPIN. The management of the problems of translat-
ing descriptive terms into numerical values and of uncertainties in
the diagnosis and grading of HGPIN has recently been addressed by
Montironi et al.33,34

Figure 4.1
(A) Normal prostate; (B) low-grade PIN; (C) high-grade PIN; (D) high-grade PIN with early stroma invasion.
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Table 4.1 Risk of detection of carcinoma on needle
core rebiopsy

Initial diagnosis Patients with cancer on
rebiopsy (mean)

■ Benign prostatic tissue 18.7%
■ HGPIN 31.5%
■ Atypical small acinar proliferation 

suspicious for malignancy 40.7%
■ Atypical small acinar proliferation

suspicious for malignancy + HGPIN 53%

Prostate cancer origins, diagnosis, and prognosis in clinical practice 95

Effect of therapy on HGPIN
There is a marked decrease in the prevalence and extent of HGPIN
in cases after androgen deprivation therapy and radiation therapy.
(See sections on pathologic changes after androgen manipulation and
after radiation therapy.)

Clinical significance
HGPIN is identified in 2–16.5% of needle biopsies. Its incidence
probably varies according to the patient population under consider-
ation (screening population vs urology office population). As an
example, the American Cancer Society National Cancer Detection
Project identified HGPIN and cancer in 5.2% and 15.8% men, respec-
tively, from a series of 330 biopsies from men participating in an
early detection project.35 Lee et al36 studied 256 ultrasound-guided
biopsies of hypoechoic lesions in a urology practice setting, and
identified HGPIN and cancer in 10.5% and 40.2% of patients. Inter-
estingly, those with HGPIN had a mean age of 65 years, whereas
those with cancer had a mean age of 70 years. HGPIN is encountered
in up to 16.5% of contemporary needle biopsies in urology office
practice.37

HGPIN has a high predictive value as a marker of adenocarci-
noma, and its identification in biopsy specimens warrants further
search for concurrent invasive carcinoma (Table 4.1). Davidson et al38

found adenocarcinoma in 35% of subsequent biopsies from patients
with a previous diagnosis of HGPIN, compared with 13% in a con-
trol group without HGPIN. HGPIN, patient age, and serum PSA
concentration were all highly significant predictors of cancer, but
HGPIN alone increased the risk 15-fold above those without HGPIN,
and provides the highest risk ratio. Others have reported a high-
predictive value of HGPIN for cancer, ranging from 38% to 100%.39–47

Approximately 50% of men with HGPIN on biopsy will be found to
have carcinoma on repeat biopsy within 2 years of follow-up. These
data underscore the strong association of HGPIN and adenocarci-
noma, and indicate that diagnostic follow-up is needed. Cancer detec-
tion rate in patients with low-grade PIN is identical to that in patients
who underwent repeat biopsy for persistent elevated serum PSA or
because of an abnormal digital rectal examination.43,48

Follow-up is suggested at 3- or 6-month intervals for 2 years, and
thereafter at 12-month intervals for life. Identification of HGPIN in
the prostate should not influence or dictate therapeutic decisions
other than chemoprevention.

Chemoprevention
Chemoprevention is the administration of agents to prevent induc-
tion of cancer, or to inhibit or delay its progression.49 In prostatic
neoplasia, the time from tumor initiation and progression to inva-
sive carcinoma often begins in men in the fourth and fifth decades of
life and extends across decades. This phenomenon represents a unique
opportunity to arrest or reverse the process of carcinogenesis with
the use of chemopreventive agents. For prostate cancer, as for other
cancer targets, development of successful chemopreventive strategies
requires suitable cohorts, reliable biomarkers for evaluating chemo-
preventive efficacy, and well-characterized agents.49 Patients with
isolated HGPIN in needle biopsies are considered one of the target
populations for prostate cancer chemoprevention trials.

Intraductal carcinoma
Intraductal carcinoma is controversial as it has overlapping fea-
tures with cribriform high-grade PIN and cannot be separated from
intraductal spread of adenocarcinoma of the prostate.50–52 The most
salient morphologic feature distinguishing ‘intraductal carcinoma’
from high-grade cribriform PIN is the presence of multiple cribriform
glands with prominent cytologic atypia containing comedo necrosis.
In practice, this distinction rarely poses a problem in the evaluation
of a prostatectomy specimen as invasive cancer is always concur-
rently present. In prostate needle biopsies and TURP, this process
may rarely be present without small glands of adenocarcinoma, where
some experts consider it prudent to refer to the lesion as high-grade
cribriform PIN52,53 with recommendation for repeat biopsy. Other
experts will use the term ‘intraductal carcinoma’ on biopsy with the
recognition that definitive therapy may be undertaken, recognizing
that infiltrating cancer will be identified upon further prostatic
sampling.54

Other proposed preneoplastic
lesions and conditions
There are other possible findings in the prostate that may be pre-
malignant, but the data for these are much less convincing than that
for PIN.

Atypical adenomatous 
hyperplasia (adenosis)
Atypical adenomatous hyperplasia (AAH) is characterized by a cir-
cumscribed proliferation of closely packed small glands that, rather
than appearing invasive, tends to merge with the surrounding, his-
tologically benign glands55 (Figures 4.2(A) and (B)). AAH frequently
demonstrates budding acini from adjacent foci of benign hyperplas-
tic glands, and the cells have clear cytoplasm with variable intralumi-
nal secretions. Architecturally, AAH resembles well-differentiated
adenocarcinoma, and most cases of Gleason primary pattern 1 can-
cer are now considered within the spectrum of AAH.56 Recognition of
the basal cell layer excludes the diagnosis of carcinoma. Unfortunately,
identification of the basal epithelium is often difficult, as it is usually
attenuated and may be discontinuous in AAH. Recognition of the
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basal cell layer may be facilitated by use of an antibody to high-
molecular-weight cytokeratin (Figures 4.2(C) and (D)) or to p63
(see below). Nuclear and nucleolar morphology is the key differen-
tiating feature between AAH and carcinoma. Cancer cells contain
enlarged clear nuclei with a fine or irregular chromatin pattern and
thick chromatinic rim. Most (86%) cases of AAH are located in the
transition zone. The incidence of AAH in prostate specimens varies
from 2.2% to 23%.57,58

AAH has been considered a premalignant lesion on the basis of
several findings, including its increased incidence in association
with carcinoma (15% in 100 prostates without carcinoma at
autopsy, and 31% in 100 prostates with cancer at autopsy), topo-
graphic relationship with small-acinar prostate cancer, and rare
cases with genetic abnormalities.59 However, some authors claim
that the link between cancer and AAH is an epiphenomenon and
that the data are insufficient to conclude that AAH is a premalignant
lesion. In particular, a direct transition from AAH to cancer, as has

been observed between PIN and cancer, has not been documented.
The term adenosis is discouraged as it is not entirely synonymous
with AAH.

Atrophy and cancer
Recent reports from one group suggest that atrophy, in particular
post-inflammatory atrophy, may be causally linked to PIN and
prostate cancer.60 This hypothesis is based upon recognition of
increased proliferative activity, albeit low, in the secretory cells that
persist within atrophic acini. Autopsy studies of atrophy by McNeal
in the 1960s rejected this concept, and the data supporting reconsid-
eration at this time are limited.a

Figure 4.2
Atypical adenomatous hyperplasia (adenosis). (A) and (B) Circumscribed proliferation of closely packed small glands that, rather than
appearing invasive, tends to merge with the surrounding, histologically benign glands. (C) and (D) Recognition of the basal cell layer
may be facilitated by use of an antibody to high-molecular-weight cytokeratin (such as 34�E12).
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Table 4.3 Factors resulting in the diagnosis of atypical
small acinar proliferations suspicious for malignancy

Small size of focus
■ Small number of acini in the focus of concern (invariably fewer

than two dozen acini)
■ Small focus size, average 0.4 mm in diameter
■ Focus at core tip or biopsy edge, indicating that the focus is

incompletely sampled
■ Loss of focus of concern in deeper levels

Conflicting morphologic findings
■ Distortion of acini raising concern for atrophy
■ Lack of convincing features of cancer (insufficient nucleomegaly

or nucleolomegaly)
■ Clustered growth pattern mimicking a benign process such as

atypical adenomatous hyperplasia
■ Foamy cytoplasm raising concern for foamy gland carcinoma

Conflicting immunohistochemical findings
■ Focally positive high molecular weight cytokeratin
■ Focally positive p63 staining
■ Negative racemase immunostain

Confounding findings
■ Histologic artifacts such as thick sections or overstained nuclei
■ Tangential cutting of adjacent high-grade PIN
■ Architectural or cytologic changes (nucleomegaly and

nucleolomegaly) owing to inflammation or other lesions

Part 2
Atypical small acinar proliferation suspicious for
but not diagnostic of malignancy
An atypical focus suspicious for but not diagnostic of malignancy,
also referred to as an atypical small acinar proliferation suspicious
for but not diagnostic of malignancy, is not a preneoplastic lesion. It
is descriptive diagnostic terminology used in the pathology report of
a needle biopsy containing a small group of glands suspicious for ade-
nocarcinoma, however with insufficient cytologic and/or architectural
atypia to establish a definitive diagnosis.61–66 It is a broad diagnostic
‘umbrella’ or category that encompasses benign lesions mimicking
malignant glandular proliferations and undersampled, small foci
of carcinoma that harbor some but not all of the features needed for
a definitive diagnosis of malignancy.61 It is not a diagnostic entity
and is not synonymous with high-grade prostatic intraepithelial
neoplasia (HGPIN).

A number of descriptive terms have been used to refer to a
prostate tissue biopsy with a small focus of atypical glands. There are
personal preferences and recommendations.61,62,67 The term atypical
small acinar proliferation suspicious for but not diagnostic of malig-
nancy63,65 has been adopted for many years in several laboratories
throughout the world, including ours.

The acronym ASAP (it stands for atypical small acinar prolifera-
tion suspicious) has been commonly used to refer to atypical small
acinar proliferation suspicious for but not diagnostic of malignancy.
This term has been criticized and commented on.68–70 In two recent
consultation meetings62,67 it was argued against the use of the term
ASAP. The reasons included the equation by some urologists of the
ASAP with HGPIN and because all of the atypical foci are not always
‘small’ acinar but may include glands with larger diameter.

Incidence and clinical features
An average of 5% of needle biopsy pathology reports show a diagno-
sis of atypical focus suspicious for but not diagnostic of malignancy
(range 0.7 to 23.4%).63,71–88 No clinical features are contributory to
or predictive of atypical small acinar proliferations suspicious for
malignancy.63,65,66,72,78,89–91 The mean patient age is in the 60s, with a
range of 40 to 95. The men are typically biopsied to rule out prostate
cancer, with the clinical indication being an elevated PSA or abnor-
mal digital rectal examination (DRE). The median PSA elevation
usually is modest, ranging from 6 to 8 ng/ml, but very high PSA
levels (>50 ng/ml) have been seen. Only few transrectal ultrasound
results have been reported.72

Diagnostic implications
It encompasses a variety of lesions including benign mimickers of
cancer and small foci of adenocarcinoma which, for a variety of rea-
sons, cannot be accurately diagnosed92 (Tables 4.2 and 4.3). It may
be composed of acini of small size, i.e., smaller than normal ducts

and acini, but may also include glands with a diameter similar to
that of normal ducts and acini.61

Benign lesions mimicking malignant glandular proliferations con-
sidered to be problematic have changed over the years. In the past,

Table 4.2 Differential diagnoses

Common
■ Adenocarcinoma
■ Atrophy
■ Postatrophic hyperplasia
■ Partial atrophy
■ Basal cell hyperplasia
■ Atypical adenomatous hyperplasia (adenosis)
■ Inflammatory-associated atypia
■ High-grade PIN

Less common
■ Cowper’s gland
■ Nephrogenic metaplasia
■ Clear cell cribriform hyperplasia
■ Seminal vesicle/ejaculatory ducts
■ Paraganglia
■ Xantoma
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seminal vesicle tissue was considered one of the common mimickers
of adenocarcinoma of the prostate.93 Adenosis (Figure 4.2(B)) and
complete atrophy (Figure 4.3(A)) have also been found to be common
problems in previous years.94 Contemporarily, partial atrophy is one
of the most common benign mimickers of cancer.95 In part the atyp-
ical diagnosis resulting from evaluation of partial atrophy relates to
negative staining for high-molecular-weight cytokeratin, p63, and
positive staining for racemase (see below).

As far as factors preventing a diagnosis of carcinoma are con-
cerned, if carcinoma is marginally or imperfectly sampled the micro-
scopic focus may be very small and contain only a small number of
acini (Figure 4.3(B)). In some cases, the atypical focus is present only
at the edge of the core or at its tip, where infiltration between benign
acini cannot be appreciated. In these cases, if the glands do not show
prominent cytologic and architectural atypia, a definite diagnosis of
cancer may not be possible. Mechanical distortion from the needle
biopsy can result in crush artifact of a few atypical glands and obscure
cytologic detail. Problems with fixation and processing, especially
with sections that are too thick or overstained, can also prevent def-
inite diagnosis because of poor histologic detail. Prominent atrophy
in or near a small focus of cancer confounds the diagnostic difficulty.
A further confounding factor that hampers accurate interpretation is
that not all cancers display all the classical features of malignancy.
The absence of convincing cytologic features of malignancy and a
clustered growth pattern can prevent a definite diagnosis in these
cases. Prominent inflammatory change is common and can obscure
cytologic features of a small focus of carcinoma and cause difficulty
differentiating from reactive changes and distortion occurring in
benign glands as a result of the inflammation.92

The combination of HGPIN and atypical small acinar prolifera-
tion suspicious for malignancy is found in 16 to 31% of cases63,66,96

(Figure 4.3(C)). There are two distinct conditions where the two
may occur.64 The first is when there are discrete discontinuous foci
of HGPIN and atypical foci suspicious for but not diagnostic of
malignancy. The second is when a diagnosis of atypical foci results
when there is definite HGPIN where one cannot distinguish small
outpouchings or tangential sections of HGPIN from carcinoma
associated with HGPIN.97 In addition to these two conditions,
HGPIN may involve small acini. This creates difficulty distinguish-
ing it from cancer.98

Immunohistochemical findings

Basal cell immunostains
Immunostains such as p6399 (nuclear stain) and high-molecular-
weight cytokeratin that is detected by antibody 34�E12100 (cytoplasmic
stain) can aid in the investigation of atypical glandular proliferations
by staining basal cells. Cancer lacks a basal cell layer, so the pres-
ence of basal cells in an atypical focus effectively excludes cancer
from consideration (Figure 4.3(D)). Conversely, the absence of a
basal cell layer in a small focus that is highly suspicious for cancer
supports the diagnosis of cancer (Figure 4.3(E)). However, negative
staining for basal cell markers is by itself not diagnostic of cancer,

Figure 4.3
(A) Atypical focus, favor benign. (B) Atypical focus, highly suspicious for malignancy (arrow). (C) High-grade PIN with adjacent atypical
focus. (D) p63 immunostaining of the basal cells in atrophy. (E) Atypical glands lack p63 immunostaining while a normal gland is
positive (internal control). (The same case as in Figure 4.3(B). (F) AMACR immunostaining in atypical glands (negative glands serve as
an internal control for normal).
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as false-negative staining can arise from technical problems, includ-
ing tissue changes induced by the surgical procedure (e.g., cautery
artefact with transurethral resection of the prostate), imperfect spec-
imen fixation, and variations in processing and antigen retrieval.101

Negative staining should be interpreted only when there is confirma-
tory positive staining in adjacent benign glands. Staining variability
with negative staining of benign glands, including atrophy and
inflammation-associated changes, has also been reported.102 Some
benign lesions may have negative or discontinuous staining with
basal cell markers.57,102–104 In particular, fully developed atrophy typi-
cally stains fairly uniformly and intensely with basal cell markers
whereas partial atrophy often has negative or discontinuous stain-
ing with these markers.95 The combination of two basal cell stains
(34�E12 + p63) increases the sensitivity of basal cell detection, com-
pared with using either marker alone.105,106 However, even with the
combination of both these basal cell markers there are certain benign
conditions and mimickers of cancer which will be negative.

Alpha-methylacyl-CoA racemase
(AMACR)
Zhou et al found that racemase immunoreactivity converted atypi-
cal foci to cancer in approximately 10% of cases107 (Figure 4.3(F)).
The addition of racemase to keratin 34�E12 may allow a cancer diag-
nosis to be rendered in approximately 30%92 of cases that might pre-
viously have been called atypical focus or HGPIN associated with it.
Use of a p63/racemase cocktail resolved 87% of cases, more as can-
cer than as benign.66,108,109

Clinical significance

Predictive value for subsequent
cancer
The risk of detection of carcinoma on needle core rebiopsy due to
the presence in the initial biopsy of isolated atypical foci is reported
in Table 4.1. The values range from 17 to 60%, the mean being
40.7%.63,65,66,71,73,74,76,78,82,84,89–91,109,110

Some decrease in predictive value for cancer has been claimed in
some recent series.66,84 For instance, Schlesinger et al found that iso-
lated atypical foci have a predictive value of 37% for cancer; this is
only a slight decrease from 45% observed between 1989 and 1996.66

Various explanations have been put forward to explain such an
observation: use of extended biopsy techniques, advances in
immunostaining and previous PSA testing and biopsies in the same
patient have been reported in some papers.66,84

Attempts have been made to place them into three tiers, such as
favor benign, uncertain (or equivocal), and favor carcinoma (highly
suspicious).65,89,90 Such a stratification is not found to be significantly
related to the risk of subsequent detection of carcinoma on rebiopsy.
Even when a benign diagnosis is favored, up to 44% of patients (range
20 to 44%) are diagnosed with carcinoma on rebiopsy.65,89,90,111,112

This three-tier stratification is not very reproducible, with 63%
interobserver agreement in one study.90,113

Clinical parameters have limited predictive value for cancer on
repeat biopsy.114 Initial mean PSA concentration was higher in those

with atypical foci suspicious for but not diagnostic of malignancy who
had cancer in subsequent biopsies than in those whose subsequent
biopsies were negative. Park et al reported that digital rectal exami-
nation and patient age were independent predictors of cancer in
45 patients with ‘atypia’;91 conversely, other studies found that serum
PSA and digital rectal examination findings were not predictive of
cancer on subsequent biopsy.66,109,115

The mean cancer detection rate in patients who have an atypical
focus and HGPIN is 53%, i.e., significantly higher than patients who
have an isolated atypical focus.116 A high frequency of cancer was
observed by Leite et al. They found prostate cancer in 72.5% of men
with HGPIN associated with an atypical focus in the initial biopsy.115

Scattoni et al observed adenocarcinoma in 58% of repeat biopsies in
patients with both lesions, whereas cancer was present in 35% with
an isolated atypical focus in the initial biopsy.109 These figures are
similar to those reported by Kronz et al, who found that HGPIN with
adjacent small atypical glands on prostate biopsy had a 46% follow-
up cancer detection rate.97 Conversely, Schlesinger et al reported
that atypical small acinar proliferation associated with HGPIN
predicted cancer in 33% of the cases, slightly lower than for atypical
small acinar proliferations suspicious for malignancy alone (37%).66

The adenocarcinomas found on rebiopsy are mainly of intermedi-
ate grade, with Gleason scores of 5 and 6, but 30% are of high grade,
with Gleason scores of 7 to 10.89,90

Of particular interest is the unique observation by Brausi et al
who found that 100% of 25 patients with isolated atypical small
acinar proliferations suspicious for malignancy who underwent
prostatectomy had cancer.73 This led those authors to suggest that
immediate surgery was the treatment of choice for young patients
with atypical small acinar proliferations suspicious for malignancy.

Rebiopsy strategy
Given the documented high risk of cancer in patients with atypical
foci suspicious for but not diagnostic of malignancy, it is reasonable
to consider rebiopsy within 3 to 4 months after an initial biopsy obser-
vation of atypical glands. Most carcinomas on rebiopsy are found
within 6 months.89,90

It is intuitive that a greater diagnostic yield for malignancy will be
provided by focusing on sites with documented atypical foci. How-
ever, the most useful repeat-biopsy strategy is controversial. Some
authors recommend a sextant biopsy technique and additional
biopsies directed to the site of atypical biopsy findings or to the ipsi-
lateral site;89 conversely, based on finding 85% of all cancers detected
with repeat biopsies in the same sextant site, adjacent ipsilateral and
adjacent contralateral sextant biopsies, Allen et al suggested rebiop-
sying to include several cores from the atypical location, two cores
each from adjacent locations, and one each from other sextant loca-
tions.117 Park et al calculated significant increased odds of finding
cancer at the same site of atypical prostate biopsy: 65% probability,
which increases to 88% when including adjacent sites.91 On a multisite
scheme study, Scattoni et al found precise spatial concordance between
atypical small acinar proliferation and cancer in only 33% of the cases,
similar to the likelihood of finding cancer in an adjacent site or in a
non-adjacent site.109

Repeat biopsy results in a second diagnosis of atypical focus in
about 6% of cases. These patients probably should undergo a second
rebiopsy. Consideration for additional rebiopsy sessions probably
should also be based on clinical findings (serum PSA and DRE results)
and judgment.65,78,89,118
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Part 3
Clinical features of prostate cancer

Signs and symptoms
Even before the serum prostate specific antigen test came into com-
mon usage, most prostate cancer was asymptomatic, detected by
digital rectal examination. PSA screening has decreased the average
tumor volume, and hence further lowered the percentage of cancers
that present with symptoms today. Most cancers arise in the periph-
eral zone, so that transition zone enlargement sufficient to cause
bladder outlet obstruction usually indicates hyperplasia.

Imaging
While the majority of early prostate cancers present as hypoechoic
lesions in the peripheral zone on transrectal ultrasound imaging
(TRUS), this sonographic appearance is non-specific, because not
all cancers are hypoechoic and not all hypoechoic lesions are malig-
nant.119 Sonographic–pathologic correlation studies have shown
that approximately 70–75% of cancers are hypoechoic and 25–30%
of cancers are isoechoic and blend with surrounding tissues.120,121

These cancers cannot be detected by TRUS. A small number of cancers
are echogenic or contain echogenic foci within hypoechoic lesions.122

The positive predictive value of a hypoechoic lesion to be cancer
increases with the size of the lesion, a palpable abnormality in this
region, and an elevated PSA level.123 Overall the incidence of malig-
nancy in a sonographically suspicious lesion is approximately 20–25%.
To improve lesion detection the use of color Doppler US has been
advocated, particularly for isoechoic lesions or to initiate a TRUS-
guided biopsy which may not have been performed. Cross-sectional
imaging techniques such as computed tomography and magnetic
resonance imaging have not proven valuable because of low sensi-
tivities to detect and stage prostate cancer.

Laboratory tests
Several laboratory tests are available for prostate cancer diagnosis.
The test most used is prostate specific antigen (PSA) and its deriva-
tives. PSA is elevated beyond the arbitrary cut-off point of 4.0 ng/ml
in the majority of patients with prostate cancer. It may also be
greater than 4.0 ng/ml in some benign conditions, including benign
prostatic hyperplasia (BPH). Prostate cancer may also be present in
men with serum PSA values lower than the above quoted cut-off
points. This may be specifically true for men considered at higher
risk (i.e., family history; men with faster doubling time; and in the
United States African American men). Therefore, serum PSA lacks
high sensitivity and specificity for PCa. This problem has been par-
tially overcome by calculating several PSA-related indices and/or
evaluating other serum markers.124,125 The free form of PSA occurs to
a greater proportion in men without cancer126 and, by contrast, the
�-1-chymotrypsin complex PSA comprises a greater proportion of
the total PSA in men with malignancy. There is a significant differ-
ence in free-to-total PSA ratio between PCa and BPH patients with
prostate volumes smaller than 40 cm3, but not between patients in
these two groups with prostate volumes exceeding 40 cm3. The
complex PSA value may offer better specificity than the total and
free-to-total PSA ratio. Nodular hyperplasia is the main determi-
nant of serum PSA levels in patients with BPH.127–129 Therefore it
seems logical that nodular hyperplasia volume rather than total vol-
ume should be used when trying to interpret elevated levels of serum
PSA. PSA density of the transition zone is more accurate in predicting
prostate cancer than PSA density for PSA levels of less than 10 ng/ml.
It has been demonstrated that the rate of increase over time is greater
in men who have carcinoma as compared to those who do not.130,131

This is linked to the fact that the doubling time of prostate cancer
is estimated to be 100 times faster than BPH. PSA doubling time
is closely related to PSA velocity.

MIKUZ_Ch04.qxp  8/2/2007  6:00 PM  Page 100



Part 4
Methods of tissue diagnosis of prostate cancer

Needle biopsies
The current standard method for detection of prostate cancer is by
transrectal ultrasound-guided core biopsies. Directed biopsies to
either lesions detected on digital rectal examination or on ultrasound
should be combined with systematic biopsies taken according to a
standardized protocol.132,133 The sextant protocol samples the apex,
mid, and base region bilaterally.134 Sextant biopsies aim at the center
of each half of the prostate equidistant from the midline and the
lateral edge, while the most common location of prostate cancer is in
the dorsolateral region of the prostate.

Several modifications of the sextant protocol have been proposed.
Recent studies have shown that protocols with 10 or more system-
atic biopsies have a cancer detection rate up to 35% superior to the
traditional sextant protocol.135–137 This increased yield relates to the
addition of biopsies sampling the more lateral part of the peripheral
zone, where a significant number of cancers are located.

Approximately 15 to 22% of prostate cancers arise in the transi-
tion zone, while sextant biopsies mainly sample the peripheral zone.
Most studies have found few additional cancers by adding transition
zone biopsies to the sextant protocol (1.8 to 4.3% of all cancers
detected) and transition zone biopsies are usually not taken in the
initial biopsy session.138,139

Transurethral resection of 
the prostate
When transurethral resection of the prostate (TURP) is done without
clinical suspicion of cancer, prostate cancer is incidentally detected in
approximately 8–10% of the specimens. Cancers detected at TURP
are often transition zone tumors, but they may also be of peripheral

zone origin, particularly when they are large.140–142 It is recom-
mended that the extent of tumor is reported as a percentage of the
total specimen area. If the tumor occupies less than 5% of the specimen
it is stage T1a, and otherwise stage T1b. However, in the uncommon
situation of less than 5% of cancer with Gleason score 7 or higher,
patients are treated as if they had stage T1b disease. Most men who
undergo total prostatectomy for T1a cancer have no or minimal
residual disease, but in a minority there is substantial tumor located
in the periphery of the prostate.143

Fine needle aspiration cytology
Before the era of transrectal core biopsies, prostate cancer was tradi-
tionally diagnosed by fine needle aspiration (FNA). FNA is still used
in some countries and has some advantages. The technique is cheap,
quick, usually relatively painless, and has a low risk of complications.
In early studies comparing FNA and limited core biopsy protocols,
the sensitivity of FNA was usually found to be comparable with that
of core biopsies.144 However, the use of FNA for diagnosing prostate
cancer has disadvantages.

■ Potential sources of false positive diagnosis with FNA are inflam-
matory atypia, prostatic intra-epithelial neoplasia, and contami-
nation of seminal vesicle epithelium.

■ Gleason grading, which is essential for the clinician, is based on
the histologic architecture of glands and cannot be applied on
cytology.

■ Core biopsies, unlike FNA, provide information about tumor
extent and occasionally about extraprostatic extension and seminal
vesicle invasion.

■ Before treatment of localized prostate cancer, the diagnosis
should, therefore, be confirmed by core biopsies.
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Part 5
Diagnostic criteria for prostate cancer

Macroscopy
Most clinically palpable prostate cancers diagnosed on needle biopsy
are predominantly located posteriorly and posterolaterally.145,146 In a
few cases, large transition zone tumors may extend into the peripheral
zone and become palpable. Cancers detected on TURP are predomi-
nantly within the transition zone. Non-palpable cancers detected on
needle biopsy are predominantly located peripherally, although
15–25% have tumor predominantly within the transition zone.147

Large tumors may extend into the central zone, yet cancers uncom-
monly arise in this zone. Multifocal adenocarcinoma of the prostate
is present in more than 85% of prostates.145

On section, grossly evident cancers are firm, solid, and range in
color from white-gray to yellow-orange, the latter having increased
cytoplasmic lipid; the tumors contrast with the adjacent benign
parenchyma, which is typically tan and spongy141,148–150 (Figure 4.4).
Tumors usually extend microscopically beyond their macroscopic
border. Gross hemorrhage and necrosis are rare. Subtle tumors may
be grossly recognized by structural asymmetry; for example, periph-
eral zone tumors may deform the periurethral fibromuscular con-
centric band demarcating the periurethral and peripheral prostate
centrally, and peripherally may expand or obscure the outer bound-
aries of the prostate. Anterior and apical tumors are difficult to grossly
identify because of admixed stromal and nodular hyperplasia.148–152

In general, grossly recognizable tumors tend to be larger, of higher
grade and stage, and are frequently palpable, compared with grossly
inapparent tumors (usually � 5 mm) which are often non-palpable,
small, low-grade and low-stage.153 Some large tumors are diffusely infil-
trative, and may not be evident grossly.149,152 Causes of gross false posi-
tive diagnoses include confluent glandular atrophy, healed infarcts,

stromal hyperplasia, granulomatous prostatitis, and infection.149

In countries with widespread PSA testing, grossly evident prostate can-
cer has become relatively uncommon.

Microscopy
The diagnosis of carcinoma relies on a combination of architectural
and cytologic findings. The light microscopic features are usually
sufficient, but cases with small suspicious foci may benefit from
immunohistochemical studies (Table 4.4).

Architectural features
Architectural features are usually assessed at low- to medium-power
magnification, with emphasis on spacing, size, and shape of acini.
The arrangement of the acini is diagnostically useful and is the basis
of the Gleason grade. Malignant acini usually have an irregular,
haphazard arrangement, randomly scattered in the stroma in clus-
ters or singly. The spacing between malignant acini often varies
widely. Variation in acinar size is a useful criterion for cancer, par-
ticularly when small, irregular, abortive acini with primitive lumens
are seen at the periphery of a focus of well-differentiated carcinoma.

The acini in suspicious foci are usually small or medium sized,
with irregular contours that contrast with the typical smooth, round
to elongated contours of benign and hyperplastic acini (Figure 4.5(A)).
Comparison with the adjacent benign prostatic acini is always of value
in the diagnosis of cancer. Well-differentiated carcinoma and the
large acinar variant of Gleason grade 3 carcinoma are particularly
difficult to separate from benign acini in needle biopsies because of
the uniform size and spacing of acini; in such cases, greater empha-
sis is placed on cytologic features, immunohistochemical findings,
and the presence of smaller diagnostic acini at the edge of the focus.

The basal cell layer is absent in prostate cancer, whereas an intact
basal cell layer is present with benign acini. This is an important
diagnostic feature that is not always easy to evaluate in routine tissue
sections owing to false negative findings with atrophy and other
mimics of cancer. Compressed stromal fibroblasts may mimic basal
cells but are usually seen only focally at the periphery of acini. Small
foci of adenocarcinoma sometimes cluster around or infiltrate near
larger benign acini that have an intact basal cell layer, compounding
the difficulty.

Cytologic features
The cytologic features of adenocarcinoma include nuclear and
nucleolar enlargement, which occurs in most malignant cells. Every

Figure 4.4
Macroscopic identification of areas of prostate cancer. Slice of
the body of the prostate gland. Cancer is identified
macroscopically in the transition zone.
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Table 4.4 Diagnostic criteria for carcinoma

Architectural features
■ Infiltrative pattern of malignant acini, e.g.:

– arrangement: irregular and haphazard
– spacing between acini varies widely
– variation in size
– irregular contour

■ Basal cell layer
– absent

Cytologic features (secretory cells in single layer)
■ Nuclear hyperchromasia
■ Nuclear enlargement
■ Nucleolar enlargement or prominence
■ Mitotic figures
■ Amphophilic cytoplasm

Luminal findings
■ Crystalloids
■ Intraluminal blue mucin and/or pink amorphous secretions

Stromal findings
■ Collagenous micronodules

Immunohistochemical findings
■ Prostate-specific antigen
■ Prostatic acid phosphatase
■ 34�E12
■ p63
■ Racemase

Additional feature
■ Adjacent prostatic intra-epithelial neoplasia

Prostate cancer origins, diagnosis, and prognosis in clinical practice 103

cell has a nucleolus, so ‘prominent’ nucleoli (at least 1.50 �m in
diameter or larger) are sought. Pathologists do not routinely measure
nucleoli for diagnosis; this determination is based on comparison
with benign epithelial cells elsewhere in the specimen (Figure 4.5(B)).

Artifacts often obscure the nuclei and nucleoli, and overstaining
of nuclei by hematoxylin creates one of the most common and diffi-
cult problems in the interpretation of suspicious cells. Differences in
fixation and handling of biopsy specimens influence nuclear size
and chromasia, so comparison with cells from the same specimen is
useful as an internal control. Many pathologists prefer pale staining
with eosin, but this approach fails to accentuate nucleoli, which are
often enlarged. In specimens with nuclear hyperchromasia and pale
eosinophilic staining, we often increase the light source and magni-
fication of suggestive foci to identify hidden enlarged nucleoli.

Luminal findings
Crystalloids are sharp, needle-like eosinophilic structures that are
often present in the lumens of well-differentiated and moderately
differentiated carcinoma154 (Figure 4.5(A)). They are not specific for
carcinoma and can be found in other conditions. The presence of
crystalloids in metastatic adenocarcinoma of unknown site of origin
is strong presumptive evidence of prostatic origin, although it is an
uncommon finding and not conclusive.155 Special stains highlight
the presence of crystalloids that otherwise cannot be seen by light
microscopy.155 Crystalloids stain red with trichrome stain, blue with
toluidine blue, and violet with the Mallory’s staining. Crystalloids
are argyrophilic with silver stain methods. No staining is observed with

periodic acid Schiff (PAS), Alcian blue, Prussian blue, and Congo red.
Immunohistochemical stains for PSA and prostatic acid phosphatase
(PAP) are negative. The pathogenesis of crystalloids is not known,
but they probably result from abnormal protein and mineral metab-
olism within benign and malignant acini. Ultrastructurally, they are
composed of electron-dense material that lacks the periodicity of
crystals. Radiographic microanalysis reveals abundant sulfur, calcium,
and phosphorus and a small amount of sodium.154 Hard, proteina-
ceous secretions are almost always present in adjacent acini and are
probably the source of the crystalloids.

Luminal acidic sulfated and non-sulfated mucin is often seen in
acini of adenocarcinoma, appearing as amorphous or delicate,
thread-like, faintly basophilic secretions in routine sections. This
mucin stains with Alcian blue and is best displayed at pH 2.5, whereas
normal prostatic epithelium contains PAS-reactive mucin that is
neutral. Acidic mucin is not specific for carcinoma; it may be found
in prostatic intra-epithelial neoplasia (PIN), atypical adenomatous
hyperplasia, sclerosing adenosis, and, rarely, nodular hyperplasia.156

Occasionally, PCa may show the presence of intraluminal corpora
amylacea. These are usually seen in normal ducts and acini, adenosis,
and verumontanum mucosal gland hyperplasia.

Stromal findings
The stroma in cancer frequently contains young collagen, which
appears lightly eosinophilic, although desmoplasia may be prominent.
Muscle fibers in the stroma are sometimes split or distorted. However,
this is a difficult feature to appreciate and cannot be relied upon
because of the resemblance of the stroma associated with benign
acini.

Collagenous micronodules (or mucinous fibroplasia) are a specific
but infrequent and incidental finding in prostatic adenocarci-
noma. They consist of microscopic nodular masses of paucicellular
eosinophilic fibrillar stroma that impinge on acinar lumens157

(Figure 4.5(C)). They are usually present in mucin-producing ade-
nocarcinoma and result from extravasation of acidic mucin into the
stroma. Collagenous micronodules are present in about 13% of cases
of adenocarcinoma; they are not observed in benign epithelium,
nodular hyperplasia, or PIN. They are an infrequent finding, present
in 0.6% of needle biopsies and 12.7% of prostatectomies. Collage-
nous micronodules may be particularly valuable in challenging
needle biopsy specimens.157

Immunohistochemical findings
The most important immunohistochemical markers in prostate
pathology are prostate-specific antigen (PSA), PAP, high-molecular-
weight keratin (34ßE12), p63, and AMACR. Promising new markers
include prostate-specific membrane antigen and human glandular
kallikrein 2 (hK2).158 A useful confirmatory immunohistochemical
stain to demonstrate urothelial origin is the combination of cytoker-
atin 7, cytokeratin 20, and thrombomodulin.

Immunohistochemical expression of PSA is useful for distin-
guishing high-grade prostate cancer from urothelial carcinoma,
colonic carcinoma, granulomatous prostatitis, and lymphoma.159 PSA
also facilitates identification of the site of tumor origin in metastatic
adenocarcinoma. PSA can be detected in frozen sections, paraffin-
embedded sections, cell smears, and cytologic preparations of normal
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and neoplastic prostatic epithelium. Staining is invariably heteroge-
neous. Microwave antigen retrieval is usually not necessary, even in
tissues that have been immersed in formalin for years. Formalin
fixation is optimal for localization of PSA, and variation in staining
intensity is only partially the result of fixation and embedding
effects. Immunoreactivity is preserved in decalcified specimens and
may be enhanced.

PAP is a valuable immunohistochemical marker for identifying
prostate cancer when used in combination with PSA.160 The
intensity of PAP immunoreactivity correlates with patient survival,
probably because immunoreactive cancer has greater androgen
responsiveness.

In problem cases, using monoclonal antibodies directed against
high-molecular-weight cytokeratin (for example, clone 34ßE12) may
be useful for evaluation of the basal cell layer. We use this infrequently
(in fewer than 5% of cases), however, and only as an adjunct to the
light microscopic findings. The findings with this immunohisto-
chemical stain should not be the basis for a diagnosis of malignancy,
particularly in small suggestive foci. It is most useful in confirming
the benignancy of a suggestive focus by showing an immunoreactive
basal cell layer. Antikeratin 34ßE12 stains nearly all of the normal
basal cells of the prostate; no staining occurs in the secretory and
stromal cells.

Since uniform absence of a basal cell layer in prostatic acinar
proliferations is one important diagnostic feature of invasive carci-
noma and basal cells may be inapparent by hematoxylin and eosin
(H&E) stain, basal cell specific immunostains may help to distinguish
invasive prostatic adenocarcinoma from benign small acinar cancer

mimics which retain their basal cell layer, e.g. glandular atrophy, post-
atrophic hyperplasia, atypical adenomatous hyperplasia, sclerosing
adenosis (atypical adenomatous hyperplasia), and radiation-induced
atypia.161–163 Because the basal cell layer may be interrupted or not
demonstrable in small numbers of benign glands, the complete
absence of a basal cell layer in a small focus of acini cannot be used
alone as a definitive criterion for malignancy; rather, absence of a basal
cell layer is supportive of invasive carcinoma only in acinar prolifer-
ations which exhibit suspicious cytologic and/or architectural fea-
tures on H&E stain.162 Conversely, some early invasive prostatic
carcinomas, e.g. microinvasive carcinomas arising in association
with or independent of high-grade PIN, may have residual basal
cells.164 Intraductal spread of invasive carcinoma and entrapped
benign glands are other proposed explanations for residual basal
cells.161,163 Rare prostatic adenocarcinomas contain sparse neoplastic
glandular cells which are immunoreactive for 34�E12, yet these are
not in a basal cell distribution.102,161 The use of antibodies for 34�E12
is especially helpful for the diagnosis of deceptively benign appear-
ing variants of prostate cancer. Immunohistochemistry for cytoker-
atins 7 and 20 has a limited diagnostic use in prostate pathology with
the exception that negative staining for both markers, which can occur
in prostate adenocarcinoma, would be unusual for transitional cell
carcinoma.165

p63, a nuclear protein encoded by a gene on chromosome
3q27–29 with homology to p53 (a tumor suppressor gene), has been
shown to regulate growth and development in epithelium of the skin,
cervix, breast, and urogenital tract. Specific isotypes are expressed in
basal cells of stratified and pseudostratified epithelia (prostate,
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Figure 4.5
Microscopic features of adenocarcinoma. (A) The acini are usually small or medium sized, with irregular contours that contrast with
the typical smooth, round to elongated contours of benign and hyperplastic acini. Crystalloids are present (arrow). (B) The cytologic
features of adenocarcinoma include nuclear and nucleolar enlargement, which occurs in most malignant cells. This determination is
based on comparison with benign epithelial cells elsewhere in the specimen. (C) Collagenous micronodules (or mucinous fibroplasia),
i.e., microscopic nodular masses of paucicellular eosinophilic fibrillar stroma that impinge on acinar lumens. (D) Absence of a basal
cell layer in prostatic adenocarcinoma (antibody against p63) (positive internal control: basal cells are present in the normal gland).
(E) Adenocarcinoma labeled by an antibody directed against AMACR (P504S).
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bronchial), reserve cells of simple columnar epithelia (endocervical,
pancreatic ductal), myoepithelial cells (breast, salivary glands, cuta-
neous apocrine/eccrine glands), urothelium, and squamous epithe-
lium.166 A monoclonal antibody is active in paraffin-embedded tissue
following antigen retrieval. p63 has similar applications to those of
high-molecular-weight cytokeratins in the diagnosis of prostatic
adenocarcinoma, but with the advantages that p63:

■ stains a subset of 34�E12 negative basal cells,
■ is less susceptible to the staining variability of 34�E12 (particu-

larly in TURP specimens with cautery artifact), and
■ is easier to interpret because of its strong nuclear staining

intensity and low background.

Interpretative limitations related to presence or absence of basal
cells in small numbers of glands for 34�E12 apply to p63, requiring
correlation with morphology102 (Figure 4.5(D)). Prostatic adenocar-
cinomas have occasional p63 immunoreactive cells, most represent-
ing entrapped benign glands or intraductal spread of carcinoma
with residual basal cells.166

AMACR (�-methylacylCoA racemase) mRNA was recently identi-
fied as being overexpressed in prostatic adenocarcinoma by cDNA
library subtraction utilizing high throughput RNA microarray analy-
sis.167 This mRNA was found to encode a racemase protein, for
which polyclonal and monoclonal antibodies have been produced
which are active in formalin-fixed, paraffin-embedded tissue.168–170

Immunohistochemical studies on biopsy material with an antibody
directed against AMACR (P504S) demonstrate that over 80% of
prostatic adenocarcinomas are labeled171 (Figure 4.5(E)). Certain
subtypes of prostate cancer, such as foamy gland carcinoma, atrophic
carcinoma, pseudohyperplastic, and treated carcinoma, show lower
AMACR expression. However, AMACR is not specific for prostate
cancer and is present in nodular hyperplasia (12%), atrophic glands
(36%), HGPIN (>90%),170 and atypical adenomatous hyperplasia
(17.5%).172 AMACR may be used as a confirmatory stain for prostatic
adenocarcinoma, in conjunction with H&E morphology and a basal
cell specific marker.170 AMACR is expressed in other non-prostatic
neoplasms including urothelial and colon cancer.

An immunoperoxidase cocktail containing monoclonal antibod-
ies to cytokeratin 34�E12 and p63 is an effective basal cell stain. A
cocktail containing 34�E12, p63, and racemase is also used.

Figure 4.6
Prostatic adenocarcinoma with neuroendocrine cells detected by
chromogranin A immunostaining.

Focal neuroendocrine
differentiation
In 5–10% of prostatic carcinomas there are zones with a large num-
ber of single or clustered neuroendocrine cells detected by chromo-
granin A immunostaining173–181 (Figure 4.6). A subset of these
neuroendocrine cells may also be serotonin positive. Immunostain-
ing for neuron-specific enolase, synaptophysin, bombesin/gastrin-
releasing peptide, and a variety of other neuroendocrine peptides
may also occur in individual neoplastic neuroendocrine cells, or in a
more diffuse pattern,182 and receptors for serotonin183 and neuroen-
docrine peptides184,185 may also be present. There are conflicting
studies as to whether advanced androgen-deprived and androgen-
independent carcinomas show increased neuroendocrine differenti-
ation.186–191 The prognostic significance of focal neuroendocrine
differentiation in primary untreated prostatic carcinoma is controver-
sial. In advanced prostate cancer, especially androgen-indepen-
dent cancer, focal neuroendocrine differentiation portends a poor
prognosis186,188,189,191 and may be a therapeutic target.192–194 (Additional
information on the spectrum of neuroendocrine tumors is given in
Parts 6 and 11).
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Part 6
Histologic classification of carcinoma of
the prostate
A wide variety of architectural patterns of adenocarcinoma may be
seen in the prostate. Greater than 95% of all carcinomas of the
prostate seen in needle biopsy specimens are referred to as acinar,
microacinar, or conventional type (Figure 4.7(A)). Table 4.5 lists the
histologic variants and subtypes of prostate cancer. Some of them
are variants of acinar adenocarcinoma. Some of the rare variants
and subtypes are described in separate subchapters (See also Part 11)

Pseudohyperplastic
adenocarcinoma
Pseudohyperplastic prostate cancer resembles benign prostate
glands in that the neoplastic glands are large with branching and
papillary infolding.195,196 The recognition of cancer with this pattern
is based on the architectural pattern of numerous closely packed
glands as well as nuclear features more typical of carcinoma. One pat-

tern of pseudohyperplastic adenocarcinoma consists of numerous
large glands that are almost back-to-back with straight, even, luminal
borders, and abundant cytoplasm. Comparably sized benign glands
either have papillary infoldings or are atrophic. The presence of
cytologic atypia in some of these glands further distinguishes them
from benign glands. It is almost always helpful to verify pseudohy-
perplastic cancer with the use of immunohistochemistry to verify
the absence of basal cells.

Pseudohyperplastic cancer, despite its benign appearance, may be
associated with typical intermediate grade cancer and can exhibit
aggressive behavior (i.e., extraprostatic extension).

Foamy gland adenocarcinoma
Foamy gland cancer is a variant of acinar adenocarcinoma of the
prostate that is characterized by having abundant foamy appearing
cytoplasm with a very low nuclear to cytoplasmic ratio. Although

Figure 4.7
(A) Adenocarcinoma of acinar or conventional type. (B) Foamy gland adenocarcinoma. (C) Atrophic adenocarcinoma. (D) Mucinous
adenocarcinoma.
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the cytoplasm has a xanthomatous appearance (Figure 4.7(B)), it
does not contain lipid, but rather empty vacuoles.197 More typical
cytologic features of adenocarcinoma such as nuclear enlargement
and prominent nucleoli are frequently absent, which makes this
lesion difficult to recognize as carcinoma, especially on biopsy mate-
rial. Characteristically, the nuclei in foamy gland carcinoma are
small and densely hyperchromatic. Nuclei in foamy gland cancer are
round, more so than those of benign prostatic secretory cells. In
addition to the unique nature of its cytoplasm, it is recognized as
carcinoma by its architectural pattern of crowded and/or infiltrative
glands, and frequently present dense pink acellular secretions.198 In
most cases, foamy gland cancer is seen in association with ordinary
adenocarcinoma of the prostate.

In almost all such cases, despite foamy gland cancer’s benign
cytology, the ordinary adenocarcinoma component is not low grade.
Consequently, foamy gland carcinoma appears best classified as
intermediate grade carcinoma.

Atrophic adenocarcinoma
Most prostate cancers have abundant cytoplasm. An unusual variant
of prostate cancer resembles benign atrophy owing to its scant cyto-
plasm. Although ordinary prostate cancers may develop atrophic
cytoplasm as a result of treatment (see also Part 8), atrophic prostate
cancers are usually unassociated with such a prior history.199,200

The diagnosis of carcinoma in these cases may be based on several
features. First, atrophic prostate cancer may demonstrate a truly
infiltrative process with individual small atrophic glands situated
between larger benign glands. In contrast, benign atrophy has a lob-
ular configuration. A characteristic finding in some benign cases of
atrophy is the presence of a centrally dilated atrophic gland sur-
rounded by clustered smaller glands, which has been termed ‘post-
atrophic hyperplasia’.201 Although the glands of benign atrophy may
appear infiltrative on needle biopsy, they are not truly infiltrative, as
individual benign atrophic glands are not seen infiltrating in
between larger benign glands. Whereas some forms of atrophy are

associated with fibrosis, atrophic prostate cancer lacks such a desmo-
plastic stromal response. Atrophic prostate cancer may also be differ-
entiated from benign atrophy by the presence of marked cytologic
atypia. Atrophy may show enlarged nuclei and prominent nucleoli,
although not the huge eosinophilic nucleoli seen in some atrophic
prostate cancers. Finally, the concomitant presence of ordinary less
atrophic carcinoma can help in recognizing the malignant nature of
the adjacent atrophic cancer glands (Figure 4.7(C)).

Adenocarcinoma with
glomeruloid features
Prostatic adenocarcinoma with glomeruloid features is character-
ized by intraluminal ball-like clusters of cancer cells reminiscent of
renal glomeruli, which we refer to as prostatic adenocarcinoma with
glomeruloid features. Glomeruloid structures in the prostate repre-
sent an uncommon but distinctive pattern of growth that is specific
for malignancy. Glomeruloid features may be a useful diagnostic
clue for malignancy, particularly in some challenging needle biopsy
specimens. This pattern of growth is usually seen in high-grade adeno-
carcinoma, often with extraprostatic extension. Glomeruloid features
were not observed in any benign or premalignant lesions, including
hyperplasia and intra-epithelial neoplasia.202

Mucinous and signet-ring cell
adenocarcinoma
The diagnosis of mucinous adenocarcinoma of the prostate gland
should be made when at least 25% of the tumor resected contains
lakes of extracellular mucin (Figure 4.7(D)). Mucinous (colloid)
adenocarcinoma of the prostate gland is one of the least common
morphologic variants of prostatic carcinoma.203–205 In contrast to
bladder adenocarcinomas, mucinous adenocarcinomas of the
prostate rarely contain mucin-positive signet cells.

Mucinous prostate adenocarcinomas behave aggressively.203–205

In the largest reported series, 7 of 12 patients died of tumor (mean
5 years) and 5 were alive with disease (mean 3 years). Although these
tumors are not as hormonally responsive as their non-mucinous
counterparts, some respond to androgen withdrawal. Mucinous
prostate adenocarcinomas have a propensity to develop bone metas-
tases and increased serum PSA levels with advanced disease.

Some carcinomas of the prostate will have a signet-ring cell
appearance, yet the vacuoles do not contain intracytoplasmic mucin.206

These vacuolated cells may be present as singly invasive cells, in single
glands, and in sheets of cells. Only a few cases of prostate cancer have
been reported with mucin-positive signet cells.207,208

One should exclude other mucinous tumors of non-prostatic
origin based on morphology and immunohistochemistry and, if
necessary, using clinical information.

Oncocytic adenocarcinoma
Prostatic adenocarcinomas are composed of large cells with granular
eosinophilic cytoplasm. Tumor cells have round to ovoid hyper-
chromatic nuclei and are strongly positive for PSA. Numerous

Table 4.5 Histologic classification of carcinoma of the
prostate

1. Adenocarcinoma (acinar, conventional, not otherwise specified)
2. Variants of adenocarcinoma and other carcinomas

■ Pseudohyperplastic adenocarcinoma
■ Foamy gland adenocarcinoma
■ Atrophic adenocarcinoma
■ Adenocarcinoma with glomeruloid features
■ Mucinous (colloid) adenocarcinoma
■ Signet-ring cell carcinoma
■ Oncocytic adenocarcinoma
■ Lymphoepithelioma-like carcinoma
■ Undifferentiated carcinoma, not otherwise specified
■ Prostatic duct adenocarcinoma
■ Small cell carcinoma and other neuroendocrine tumors
■ Sarcomatoid carcinoma
■ Basal cell carcinoma
■ Urothelial carcinoma
■ Adenosquamous carcinoma
■ Squamous cell carcinoma
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mitochondria are seen on ultrastructural examination. A high
Gleason grade,209,210 elevated serum PSA,210 and metastasis of similar
morphology209 have been reported.

Lymphoepithelioma-like
carcinoma
This undifferentiated carcinoma is characterized by a syncytial pat-
tern of malignant cells associated with a heavy lymphocytic infiltrate.
Malignant cells are PSA-positive. Associated acinar adenocarcinoma
has been noted.211,212 In situ hybridization has been negative for
Epstein–Barr virus.211 Clinical significance is uncertain.

Prostatic ductal adenocarcinoma
Subtype of adenocarcinoma composed of larger glands lined by
tall pseudostratified columnar cells. Endometrial carcinoma was
originally used to describe this entity because of its morphologic
similarity to endometrium. In pure form, ductal adenocarcinoma
accounts for 0.2 to 0.8% of prostate cancers.213–215 More commonly
it is seen with an acinar component.

Ductal adenocarcinoma may be located centrally around the pro-
static urethra (Figure 4.8) or more frequently located peripherally
admixed with typical acinar adenocarcinoma. A centrally located
adenocarcinoma may also be associated with a peripherally located
acinar adenocarcinoma. Centrally occurring tumors appear as exo-
phytic polypoid or papillary masses protruding into the urethra around
the verumontanum. Peripherally occurring tumors typically show a
white-gray firm appearance similar to acinar adenocarcinoma.

Periurethral or centrally located ductal adenocarcinoma may
cause hematuria, urinary urgency, and eventually urinary retention.
In these cases, there may be no abnormalities on rectal examination.
Tumors arising peripherally may lead to enlargement or induration
of the prostate.

Serum PSA levels may be normal, particularly in a patient with
only centrally located tumor. In most cases, transurethral resections
performed for diagnosis or relief of the urinary obstruction will pro-
vide sufficient diagnostic tissue. Transrectal needle core biopsies
may also obtain diagnostic tissue when the tumor is more peripher-
ally located.216 In addition, areas of ductal adenocarcinoma may be
incidentally identified in prostatectomy specimens.

Microscopy
Ductal adenocarcinoma is characterized by tall columnar cells
with abundant usually amphophilic cytoplasm, which form a single
(Figure 4.8) or pseudostratified layer reminiscent of endometrial carci-
noma. The cytoplasm of ductal adenocarcinoma is often amphophilic
and may occasionally appear clear. In some cases, there are numer-
ous mitoses and marked cytologic atypia. In other cases, the cytologic
atypia is minimal, which makes a diagnosis difficult, particularly on
needle biopsy. Peripherally located tumors are often admixed with crib-
riform, glandular, or solid patterns, as seen in acinar adenocarcinoma.

Although ductal adenocarcinomas are not typically graded, they
are mostly equivalent to Gleason pattern 4. In some cases comedo
necrosis is present whereby they could be considered equivalent to
Gleason pattern 5. Ductal adenocarcinoma displays a variety of
architectural patterns which are often intermingled:217,218 papillary,
cribriform, individual gland, and solid (Figure 4.8, insert: preopera-
tive biopsy).

Immunohistochemically ductal adenocarcinoma is strongly
positive for PSA and PAP. Tumor cells are typically negative for
basal cell specific high-molecular-weight cytokeratin (detected by
34�E12); however, pre-existing ducts may be positive for this
marker.

Ductal adenocarcinoma usually spreads along the urethra or into
the prostatic ducts with or without stromal invasion. Other patterns
of spread are similar to that of acinar prostatic adenocarcinoma with
invasion to extraprostatic tissues and metastasis to pelvic lymph
nodes or distal organs. Ductal adenocarcinomas appear to have a
tendency to metastasize to lung and penis.

Differential diagnosis
Ductal adenocarcinoma must be distinguished from urothelial car-
cinoma, ectopic prostatic tissue, benign prostatic polyps, and prolif-
erative papillary urethritis. One of the more difficult differential
diagnoses is cribriform high-grade prostatic intra-epithelial neopla-
sia. Some patterns of ductal adenocarcinoma may represent ductal
carcinoma in situ.

Prognosis
Most studies have demonstrated that ductal adenocarcinoma is
aggressive. Some reported that 25–40% of cases had metastases at
the time of diagnosis with a poor 5-year survival rate ranging from
15 to 43%.214,219,220 Limited ductal adenocarcinoma on biopsy war-
rants definitive therapy. Androgen deprivation therapy may provide
palliative relief, even though these cancers are less hormonally
responsive than acinar adenocarcinoma.

Figure 4.8
Ductal adenocarcinoma located centrally around the prostatic
urethra and involving the verumontanum, associated with 
a peripherally located adenocarcinoma. (Insert: preoperative
biopsy: ductal adenocarcinoma with papillary pattern.)
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Small cell carcinoma
Small cell carcinomas of the prostate histologically are identical to
small cell carcinomas of the lung221,222 (Figure 4.9). In approximately
50% of the cases, the tumors are mixed small cell carcinoma and
adenocarcinoma of the prostate. Neurosecretory granules have been
demonstrated within several prostatic small cell carcinomas. Using
immunohistochemical techniques small cell components are nega-
tive for PSA and PAP. There are conflicting studies as to whether
small cell carcinomas of the prostate are positive for thyroid tran-
scription factor-1 (TTF-1), in order to distinguish them from a metas-
tasis from the lung.223,224

Prognosis
The average survival of patients with small cell carcinoma of the
prostate is less than a year. There is no difference in prognosis
between patients with pure small cell carcinomas and those with
mixed glandular and small cell carcinomas. The appearance of a small
cell component within the course of adenocarcinoma of the prostate
usually indicates an aggressive terminal phase of the disease.

Sarcomatoid (carcinosarcoma)
carcinoma
There is considerable controversy in the literature regarding
nomenclature and histogenesis of these tumors. In some series,
carcinosarcoma and sarcomatoid carcinoma are considered as
separate entities based on the presence of specific mesenchymal ele-
ments in the former. However, given their otherwise similar clinico-
pathologic features and identically poor prognosis, these two lesions
are best considered as one entity. Sarcomatoid carcinoma of the
prostate is a rare neoplasm composed of both malignant epithelial
and malignant spindle-cell and/or mesenchymal elements.225–230

Sarcomatoid carcinoma may be present in the initial pathologic
material (synchronous presentation) or there may be a previous history
of adenocarcinoma treated by radiation and/or hormonal therapy.231

The gross appearance often resembles sarcomas. Microscopically,
sarcomatoid carcinoma is composed of a glandular component

Figure 4.10
(A) Sarcomatoid (carcinosarcoma) carcinoma extending into the urethra. (B) Glandular component with adjacent solid area. 
(C) Undifferentiated tumor area. (D) Osteosarcoma pattern.

Figure 4.9
Small cell carcinoma.
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showing variable Gleason score227,232 (Figures 4.10(A)–(C)). The
sarcomatoid component often consists of a non-specific malignant
spindle-cell proliferation. Amongst the specific mesenchymal ele-
ments are osteosarcoma (Figure 4.10(D)), chondrosarcoma, rhab-
domyosarcoma, leiomyosarcoma, liposarcoma, angiosarcoma, or
multiple types of heterologous differentiation.227,231 Sarcomatoid car-
cinoma should be distinguished from the rare carcinoma with meta-
plastic, benign-appearing bone or cartilage in the stroma.

By immunohistochemistry, epithelial elements react with anti-
bodies against PSA and/or pan-cytokeratins, whereas spindle-cell

elements react with markers of soft tissue tumors and variably
express cytokeratins.

Prognosis
Serum PSA is within normal limits in most cases. Nodal and distant
organ metastases at diagnosis are common.227,231,232 There is less than
a 40% 5-year survival.227
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Part 7
Current clinical practice of Gleason grading of
prostate cancer
The Gleason grading system for prostate cancer, named after
Donald F Gleason, is the predominant grading system around the
world.233–235 The Gleason grading system is based on glandular archi-
tecture which can be divided into five patterns of growth (also known
as grades) with decreasing differentiation.233–236 The primary and sec-
ondary pattern or grade, i.e. the most prevalent and the second most
prevalent pattern or grade, are added to obtain a Gleason score or
sum that is to be reported.233,236 Nuclear atypia or cytoplasmic
features are not evaluated. An important issue is that the initial
grading of prostate carcinoma should be performed at low magnifi-
cation.237,238 Then one may proceed with high-power objectives to
look for rare fused glands or a few individual cells. Gleason grading
of prostate cancer has changed over the years to adapt to needle
biopsies and radical prostatectomy specimens that were unavailable
at the time when Gleason proposed his system.1,61,62,238–245

Gleason grading remains one of the most significant factors in the
clinical decision-making activity, both in needle biopsy specimens
and after radical prostatectomy is performed; i.e. it predicts patho-
logic stage, margin status, biochemical failure, local recurrences,
lymph node, disease progression, or distant metastasis after prosta-
tectomy.61,151,246–251 Radiation therapy, radical prostatectomy, and
other therapies are initially based on the Gleason score; in practice,
Gleason scores of 7–10 are associated with worse prognosis while
Gleason scores of 5–6 are associated with lower progression rates
after therapy.62,252,253 In recent years, Gleason score has been included
in clinical nomograms which are used with increasing frequency to
predict disease progression.1,254–262

Gleason patterns (Figure 4.11)
■ Gleason pattern 1: very well-circumscribed nodule of separate,

closely packed glands which do not infiltrate into adjacent
benign prostatic tissue. The glands are of intermediate size and
approximately equal in size and shape. The nucleus is typically
small and cytoplasm frequently is abundant and pale-staining.
Nuclear and cytoplasm appearance are not taken into account in
diagnosis. This pattern is exceedingly rare and usually seen in
transition zone cancers (Tables 4.6 and 4.7).

■ Gleason pattern 2: round to oval glands with smooth ends. The
glands are more loosely arranged and not quite as uniform in
size and shape as those of Gleason pattern 1. There may be min-
imal invasion by neoplastic glands into the surrounding non-
neoplastic prostatic tissue. The glands are of intermediate size
and larger than in Gleason pattern 1. The variation in glandular
size and separation between glands is less than that seen in
pattern 3. Although not evaluated in Gleason grading, the cyto-
plasm of Gleason pattern 2 cancers is abundant and pale-staining.
Gleason pattern 2 is usually seen in transition zone cancers but
may occasionally be found in the peripheral zone.

■ Gleason pattern 3: is the most common pattern but is morpho-
logically heterogeneous. The glands are infiltrative and the dis-
tance between them is more variable than in patterns 1 and 2.
Malignant glands often infiltrate between adjacent non-neoplastic
glands. The glands of pattern 3 vary in size and shape and are
often angular. Small glands are typical for pattern 3, but there
may also be large and irregular glands. Each gland has an open
lumen and is circumscribed by stroma. Cribriform pattern 3
is rare and difficult to distinguish morphologically from cribri-
form HGPIN. The latter shows the presence of basal cells.
These are lacking in cribriform pattern 3 prostate cancer. This
heterogeneous expression of Gleason grade 3 raised an initial
subdivision into patterns A, B, and C, respectively.

■ Gleason pattern 4: glands appear fused, cribriform, or they may
be poorly defined and small. Fused glands are composed of a
group of glands that are no longer completely separated by
stroma. The edge of a group of fused glands is scalloped and
there are occasional thin strands of connective tissue within this
group. The hypernephroid pattern described by Gleason is a rare
variant of fused glands with clear or very pale-staining cyto-
plasm. Cribriform pattern 4 glands are large or they may be
irregular with jagged edges. As opposed to fused glands, there are
no strands of stroma within a cribriform gland. Most cribriform
invasive cancers should be assigned a pattern 4 rather than
pattern 3. Poorly defined glands do not have a lumen that is
completely encircled by epithelium.

■ Gleason pattern 5: almost complete loss of glandular lumina
which are only occasionally present. The epithelium forms solid
sheets, solid strands, or single cells invading the stroma; comedo
necrosis may be present. Care must be applied when assigning a
Gleason pattern 4 or 5 to limited cancer on needle biopsy to
exclude an artifact of tangential sectioning of lower grade cancer.

Reporting Gleason scores in
prostate needle biopsies

Gleason score 2–4
The diagnosis of Gleason score 2–4 on needle biopsies should be made
‘rarely, if ever’, and the reasons are compelling:238 (1) Gleason score
2–4 cancer is extraordinarily rare in needle biopsies as compared to
transurethral resection specimens; (2) there is poor reproducibility
among experts;237,263,264 (3) the correlation with the prostatectomy
score is poor; and (4) a ‘low’ score of Gleason 2–4 may misguide clin-
icians into believing that there is an indolent tumor.253 A recent con-
sensus stated that a Gleason score of 1 + 1 � 2 is a grade that should
not be diagnosed regardless of the type of specimen with extremely
rare exception, since most of these cases in the era of Gleason, would
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Figure 4.11
Examples of Gleason patterns 1 (A), 2 (B), 3 (C, D, E), 4 (F, G, H), and 5 (I, J, K). Reproduced with permission from Lopez-Beltran et al.
Current practice of Gleason grading of prostate carcinoma. Virch Arch 2006; 448: 111–18.
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today be referred to as adenosis (atypical adenomatous hyperplasia)
because of improvement in recognizing basal cells.238,252,265 Cribriform
morphology is not allowed within Gleason pattern 2.246

Gleason pattern 3
Cribriform pattern 3 applies to round, well-circumscribed glands of
the same size of normal glands, but only rare cribriform lesions
satisfy these criteria. Therefore the majority of cribriform patterns
should be diagnosed as Gleason pattern 4. ‘Individual cells’ would
not be allowed within Gleason pattern 3.238,241,246

Gleason pattern 4 in Gleason score
7 tumors
The importance of the percentage of Gleason 4 pattern in Gleason
score 7 tumors accumulates rapidly.238,241,244,258,262,266,267 In recently

generated nomograms, patients with Gleason score 4 + 3 vs 3 + 4 are
stratified differently.257 Whether or not the percentage of pattern 4
tumor should be included in the report remains optional at the pre-
sent time. Small, ill-defined glands with poorly formed glandular
lumina also warrant the diagnosis of Gleason pattern 4 as stated by a
recent consensus.238

Gleason pattern 5
Comedo necrosis, when seen in solid nests or cribriform masses,
should be regarded as Gleason pattern 5. However, the definition of
comedo necrosis requires intraluminal necrotic cells and/or nuclear
debris (karyorrhexis).238

Tertiary pattern
Another important change recently incorporated in current practice
is the recognition and reporting of the tertiary pattern in needle
biopsies.266,268 This includes tumors with patterns 3, 4, and 5 in vari-
ous proportions on a biopsy. Tertiary patterns are uncommon but
when the worst Gleason grade is the tertiary pattern, it should influ-
ence the final Gleason score, and therefore the primary pattern and
the highest grade should be recorded following the rule of ‘the most
and the worst’.238 For example: a case with primary Gleason pattern
3, secondary pattern 4, and tertiary pattern 5 should be assigned a
Gleason score of 8. These tumors should be classified overall as high-
grade (Gleason score 8–10).261,268

Needle biopsy with different cores
showing different grades
This is related to when one or more of the cores shows pure high-
grade cancer (i.e. Gleason score 4 + 4 � 8) and the other cores show
pattern 3 (3 + 3, 3 + 4, or 4 + 3) cancer.238,244,256,269 If one reports the
grades of each core separately, the highest-grade tumor (Gleason
score 8) would typically be the one selected by the clinician as the
grade of the entire case. Others give instead an overall score for the
entire case. For example, in a case with Gleason score 4 + 4 � 8 on
one core with pattern 3 (3 + 3 � 6, 3 + 4 � 7, 4 + 3 � 7) on other
cores, the overall score for the entire case would be Gleason score
4 + 3 � 7 or 3 + 4 � 7, depending on whether pattern 4 or 3 pre-
dominated. Likewise, it was demonstrated that when one core is
Gleason score 4 + 4 � 8 with other cores having pattern 3, the
pathologic stage at radical prostatectomy is comparable to cases with
all needle cores having Gleason score 4 + 4 � 8.61,238,241,247–249 The use
of the highest core grade of the given case in cases where there are
multiple cores of different grades advocated in current tables and
nomograms gives additional support for giving cores a separate
grade rather than an overall score for the entire case. This is the
rationale of a recent survey in which 81% of urologists used the
highest Gleason score on a positive biopsy, regardless of the overall
percentage involvement, to determine treatment.260 Consequently,
is has been recommended to assign individual Gleason scores to sep-
arate cores as long as the cores are submitted in separate containers
or the cores are in the same container yet specified by the urologist

Table 4.6 Gleason grades (patterns)

■ Grade 1: single, separate, closely packed acini
■ Grade 2: single acini, more loosely arranged, less uniform
■ Grade 3: single acini of variable size, and separation, cribriform

and papillary patterns
■ Grade 4: irregular masses of acini and fused epithelium, can

show clear cells
■ Grade 5: anaplastic carcinoma

Table 4.7 Diagnostic reporting of Gleason score

General features
■ Perform Gleason grading at low magnification using a 4 � or

10 � lens
■ Report primary pattern and secondary pattern and assign

Gleason score
■ If only one pattern is present, double it to yield Gleason score.

A Gleason score is usually assignable even if the cancer is
extremely small

■ In a needle biopsy with more than 2 patterns (tertiary pattern),
the worst pattern must be reflected in the Gleason score even if
it is not the predominant or secondary pattern, use the rule ‘the
most and the worst’ (see text)

■ In a radical prostatectomy with more than 2 patterns, the
primary and secondary patterns must be reflected in the Gleason
score. Add tertiary pattern as a note in the report

■ Provide Gleason score for each separately involved core when
identified and give overall Gleason score when mixed in one
container

■ In general a diagnosis of Gleason score 2–4 should not be made
■ Do not report Gleason score after hormonal or radiation

therapy except if cancer shows no treatment effect

Optional features
■ Provide percent of tumor with Gleason pattern 4 in Gleason

score 7
■ Provide percent of tumor with Gleason patterns 4 and 5 in

tumors with Gleason score 8–10
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as to their location (i.e. by different color inks). In addition, one has
the option to also give an overall score at the end of the case.244,270

In cases where a container contains multiple pieces of tissue and
one cannot be sure if one is looking at an intact core, it is recom-
mended that one should only give an overall score for that container.238

Reporting Gleason scores in
radical prostatectomies
In these specimens one should assign the Gleason score based on the
primary and secondary patterns with a comment if present on the
tertiary pattern.61,238,241

Gleason scores 2–4
Gleason scores 2–4 are rarely seen as the grade of the main tumor in
radical prostatectomies performed for stages T1c or T2 disease.
These tumors are typically seen in multifocal incidental adenocarci-
noma of the prostate found within the transition zone in transurethral
resection (TURP) specimens.238,241,252 The situation where Gleason
scores 2–4 tumor represents the major tumor at radical prostatec-
tomy performed for tumor incidentally found on TURP (stages T1a
and T1b) is uncommon. In one study Gleason score 2–4 was the
grade of the main tumor in 2% of the radical prostatectomy speci-
mens; this represents a disproportionate number of T1a and T1b
tumors as compared to what would be currently seen in today’s
practice. All men with only Gleason scores 2–4 tumor at radical
prostatectomy are cured.238,241

Gleason scores 5–6
It is important to recognize that the majority of tumors with Gleason
scores 5–6 are cured after radical prostatectomy.238,255

Gleason score 7
Tumors with a Gleason score of 7 have a significantly worse progno-
sis than those with a Gleason score of 6. Given the adverse prognosis
associated with Gleason pattern 4, one would expect that whether a
tumor is Gleason score 3 + 4 versus 4 + 3 would influence progno-
sis.255 There have been several studies addressing Gleason score 3 + 4
as compared to Gleason score 4 + 3 at radical prostatectomy with
somewhat conflicting results. In one study they reported no signifi-
cant survival advantage for Gleason pattern 3 + 4 over 4 + 3, but
another study showed Gleason score 3 + 4 versus 4 + 3 correlated
with both stage and progression in men with serum PSA values
<10 ng/ml and organ-confined disease.1,257,262 Several other investi-
gations have shown that Gleason score 4 + 3 has a worse prognosis.
This is an issue in which much work needs to be done.

Gleason scores 8–10
Gleason scores 8–10 may account for only 7% of the grades seen at
radical prostatectomy, but these patients have highly aggressive

tumors with advanced stage such that they are not amenable to sur-
gical therapy alone. Overall, patients with Gleason scores 8–10 at
radical prostatectomy have a 15% chance of having no evidence of
disease at 15 years following surgery.255,270

Percent Gleason pattern 4/5
The proportion of high-grade tumor as the preferred method for
grading prostate cancer has been proposed as it is predictive for
progression at the extremes (greater than 70% or less than 20%
pattern 4/5).250,251 It has been recently demonstrated that classifying
tumors based on the combined percent of pattern 4/5 is more pre-
dictive than stratifying patients into Gleason score alone. Therefore,
it has been recommended that it should be included in the report.251

Tertiary Gleason pattern
In radical prostatectomy a higher proportion of cases is found to
contain more than two grades and over 50% of them contain at least
three different grades.151,238 The progression rate of Gleason scores
5–6 tumors with a tertiary component of Gleason pattern 4 is almost
the same as those of pure Gleason score 7 tumors. Gleason score 7
tumors with tertiary pattern 5 experience progression rates following
radical prostatectomy approximating pure Gleason 8 tumors.258,268

On the other hand, no such significance could be seen in cases of
Gleason (4 + 4) score 8 with tertiary pattern 5; since Gleason score 8
tumors are already aggressive, the existence of pattern 5 elements
adds no difference. These tumors should be graded routinely (pri-
mary and secondary patterns) with a comment in the report noting
the presence of the tertiary element. In the setting of high grade can-
cer (score 8–10) one should ignore lower-grade patterns if they
occupy less than 5% of the area of the tumor.244,245

Tumors with one predominant
pattern and a small percentage of
higher grade tumor
Some controversy still exists on how to grade tumors, which are over
95% of one pattern, where there is only a very small percentage of
higher-grade tumor. For example, in the case of a tumor composed
of �95% Gleason pattern 3 and �5% pattern 4, some experts would
assign a Gleason score 3 + 3 � 6, as it has been proposed that one
needs over 5% of a pattern to be present for it to be incorporated
within the Gleason score. Others might grade the tumor as Gleason
score 3 + 4 � 7. It seems that the existence of a high-grade compo-
nent, even if it constitutes less than 5% of the whole tumor, has a sig-
nificant adverse influence.238,253

Radical prostatectomy specimens
with separate tumor nodules
It was recommended that radical prostatectomy specimens should
be processed in an organized fashion where one can make some
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assessment as to whether one is dealing with a dominant nodule or
separate tumor nodules.244 One should assign a separate grade to
each dominant tumor nodule(s). Most often, the dominant nodule
is the largest tumor, which is also the tumor associated with the
highest stage and highest grade.

Grading variants and variations
of adenocarcinoma of the
prostate
Ductal adenocarcinomas should be graded as Gleason score 4 + 4 � 8,
while retaining the diagnostic term of ductal adenocarcinoma to
denote their unique clinical and pathologic features. There is no con-
sensus on how mucinous (colloid) carcinoma should be scored.238

Some authors suggest that a Gleason score of 8 is to be assigned,
while others recommend ignoring mucin and grading the tumor
based on the underlying architectural pattern. Small cell, sarcomatoid,
and mucinous signet-ring cell carcinomas should not be assigned a
Gleason grade. It has been suggested that the rare pleomorphic
giant cell carcinoma of the prostate should be assigned a pattern 5
(Table 4.8).238,271,272

Correlation between needle
biopsy and radical
prostatectomy 
Gleason scores
There have been several studies addressing the correlation
between Gleason scores in needle biopsies and corresponding rad-
ical prostatectomy specimens. Although earlier studies used the
thicker (14-guage) needle biopsies,273,274 more recent series were
based on thin-core (18-gauge) needles used in conjunction with
biopsy guns attached to transrectal ultrasound. Sextant or other
modes of systematic sampling is typically performed in the more
current series. In a compilation of data on 3789 patients from 
18 studies, exact correlation of Gleason scores was found in 43% of
cases, and correlation plus or minus one Gleason core unit in 77%
of cases.254 Undergrading of carcinoma in needle biopsy is the most
common problem, occurring in 42% of all reviewed cases. Impor-
tantly, overgrading of carcinoma in needle biopsies may also
occur, but this was only found in 15% of cases. In general, adverse
findings on needle biopsy accurately predict adverse findings in the
radical prostatectomy specimen, whereas favorable findings on
the needle biopsy do not necessarily predict favorable findings in
the radical prostatectomy specimens, in large part due to sampling
error.

Sources of discrepancies
between needle biopsy 
and radical prostatectomy
Gleason scores

Sampling error
Perhaps the most important factor is sampling error, which
relates to the small amount of tissue removed by thin-core needle
biopsies. The average 20-mm, 18-gauge core samples approxi-
mate 0.04% of the average gland volume (40 cc). The most com-
mon type of sampling error occurs when there is a higher grade
component present within the radical prostatectomy specimen
which is not sampled on needle biopsy.261 This typically occurs
when a needle biopsy tumor is graded as Gleason score 3 + 3 � 6.
In the radical prostatectomy, there exists a Gleason pattern 4
which was not sampled on the biopsy, resulting in a prostatec-
tomy Gleason 3 + 4 � 7.

In some instances, undergrading results from an attempt to grade
very tiny areas of carcinoma, so-called minimal or limited adenocar-
cinoma.262 Scores of minimal adenocarcinoma in needle biopsies
show a reasonably strong correlation with radical prostatectomy
scores, but the Gleason scores do not have the same power to predict
extraprostatic extension and positive margin status as they do in
non-minimal carcinomas.262

Overgrading can result from sampling error in cases where the
high-grade pattern is selectively represented in needle biopsy. It may
only represent a very minor element in the radical prostatectomy
specimen. Even the same cancer focus may have different grades
depending on the area sampled.

Table 4.8 Gleason grades in histologic variants and
variations of prostate cancer

Variants
■ Ductal carcinoma (pattern 4)
■ Small cell carcinoma (no grade applies)
■ Mucinous (colloid) carcinoma (pattern 4 (some pattern 3) vs

grade according to underlying pattern)
■ Mucinous signet-ring cell carcinoma (no grade applies)
■ Sarcomatoid carcinoma (no grade applies)
■ Pleomorphic giant cell (pattern 5)
■ Adenosquamous carcinoma (uncertain)
■ Lymphoepithelioma-like (no grade applies)
■ Basal cell/adenoid cystic carcinoma (no grade applies)
■ Urothelial carcinoma (involving prostatic ducts and acini

with or without stromal invasion) (no grade applies)
■ Squamous cell carcinoma (no grade applies)

Variations
■ Atrophic features (underlying glandular pattern)
■ Pseudohyperplastic (pattern 3)
■ Glomeruloid (pattern 3 or pattern 4)
■ Collagenous micronodules (mucinous fibroplasia) (underlying

glandular pattern (most pattern 3))
■ Focal acellular mucin extravasation (ignore mucin and use

underlying glandular pattern)
■ Foamy gland carcinoma (underlying glandular pattern (most

pattern 3))
■ Non-mucinous signet-ring cell features (cytoplasmic vacuoles)

(underlying glandular pattern (most pattern 4 or 5))
■ Hypernephroid (pattern 4)
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Borderline cases
The other source of discrepancy between biopsy and radical prosta-
tectomy is borderline cases. In the description of the Gleason grading
system, there are some cases that are right at the interface between
two different patterns where there will be interobserver variability
and possibly even intra-observer variability.275

Pathology error
Pathology error is most frequently seen when pathologists assign
a Gleason score of �4 on a needle biopsy which in fact was 
Gleason score 5–6. Many pathologists undergrade needle biopsies
by confusing quantitative changes with qualitative changes. When
there is a limited focus of small glands of cancer on needle biopsy, by
definition this is a Gleason pattern 3. Gleason pattern 3 consists of
small glands with an infiltrative pattern. Biopsying truly low-grade
adenocarcinoma of the prostate could not result in just a few neo-
plastic glands but rather would be more extensive, as low-grade
adenocarcinoma grows as nodules of closely packed glands rather
than infiltrating in and amongst normal glands.

Undergrading may result from difficulty in recognizing an infil-
trative growth pattern or failing to recognize the presence of small
areas of gland fusion.275

Pathologists’ education and
experience
The pathologists’ experience in grading thin-core needle biopsies
can also influence overall correlation with radical prostatectomy
results. With experience, pathologists recognize grading pitfalls, in
particular, the fact that Gleason scores of 4 and lower are almost
non-existent in needle biopsy situation. Furthermore, small areas of
fusion in the presence of a predominantly grade 3 background are
recognized and will yield a Gleason score of 7, which often correlates
well with radical prostatectomy results.276

Intra-observer and inter-observer
variability
Reproducibility studies can be categorized as intra-observer and
inter-observer. For investigations of intra-observer agreement of

Gleason grades, exact agreement was reported in 43 to 78% of
cases,237,276 and agreement within plus or minus one Gleason score
unit was reported in 72 to 87% of cases. Gleason wrote that he dupli-
cated exactly his previous histologic scores approximately 50% of
times. Highly variable levels of interobserver agreement on Gleason
scores have also been reported, with a range of 36 to 81% for exact
agreement and 69 to 86% for observers within plus or minus one
Gleason score unit. Improvements in Gleason grading reproducibil-
ity can be achieved by recognizing problematic areas and educating
physicians via meetings, courses, website tutorials, and publications
that specifically focus on the Gleason grading system.237

Grading systems other than
Gleason
In addition to the Gleason score, another grading system may be
used according to institutional preference (e.g. WHO, MD Anderson)
but the Gleason score must be included to facilitate comparison of
data277 (Table 4.9).

Table 4.9 World Health Organization (Mostofi)
grading system

Grade Definition

I Well-differentiated glands with
nuclei that show slight nuclear
anaplasia

II Gland formation but the nuclei
show moderate nuclear anaplasia

III Glands with marked nuclear
anaplasia or tumors that are 
undifferentiated (do not form
glands)
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Part 8
Clinical significance of treatment effects

Changes after androgen
manipulation
The overall appearance of hormonally treated prostates is that of
global senescence or involution of the gland (Table 4.10). The tran-
sition zone shows simplification of the glandular lobules, although
the lobular configuration is retained. The ducts and acini are small,
ovoid, round, or comma-shaped. There is no undulation of the
epithelial border due to the presence of corrugations of the wall. The
secretory cells have inconspicuous nucleoli, nuclear shrinkage, chro-
matin condensation, and cytoplasmic clearing. The basal cell layer is
prominent and focal ‘immature’ squamous and basal cell hyperpla-
sia is seen. Within the peripheral and central zones there is incon-
spicuous branching of the ducts and acini which appear dilated,
star-shaped, and lined by flattened atrophic epithelium which is sin-
gle-layered and seldom double-layered278 (Figure 4.12(A)).

Prostatic intra-epithelial 
neoplasia
In the treated patients, PIN is generally observed in the periph-
eral zone and is localized in scattered ducts. Ferguson et al279 and

Table 4.10 Pathologic findings in the prostate
following androgen blockade. The changes affect
normal prostate, PIN, and cancer

Architecture
■ Prominent acinar atrophy with loss of hyperplastic glandular

architecture in the transition zone
■ Basal cell prominence and hyperplasia in benign prostate
■ Squamous metaplasia, including the immature variant
■ Decrease in extent of PIN
■ Decrease in extent of prostatic adenocarcinoma with loss of

luminal (acinar) architecture
■ Decreased frequency of intraluminal crystalloids in prostatic

adenocarcinoma

Cytology
■ Cytoplasmic clearing and vacuolization
■ Nuclear shrinkage
■ Nuclear hyperchromasia
■ Nuclear pyknosis with increased frequency of apoptotic bodies
■ Lack of mitotic figures
■ Loss of nucleolar prominence

Stroma
■ Focal hypercellularity
■ Focal lymphocytic/histiocytic infiltrate (including foamy, lipid-

laden histiocytes)

Figure 4.12
Changes after androgen manipulation. (A) Non-neoplastic acinus which appears dilated and lined by double-layered, flattened,
atrophic epithelium. (B) Prostatic intraepithelial neoplasia. The cell lining shows a basal-cell layer which is recognizable. A certain
degree of secretory cell type stratification is present. Crowding is less evident than in the untreated prostate. The cells have nuclear
shrinkage, chromatin condensation and pyknosis, inconspicuous nucleoli, and cytoplasmic clearing.
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Vaillancourt et al280 demonstrated that the prevalence and extent of
PIN are lower in treated glands. The cell lining shows a basal cell
layer which is recognizable in most instances. A certain degree of
secretory cell type stratification is always present. However, crowd-
ing is less evident than in the untreated prostate. The cells have
nuclear shrinkage, chromatin condensation and pyknosis, incon-
spicuous nucleoli, and cytoplasmic clearing. Apoptotic cells are easily
identifiable in all the cell type layers (Figure 4.12(B)). The duct and
acinar lumen is always rich in cells: some are macrophages, some
sloughed secretory cells with degenerative features, while others cor-
respond to apoptotic cells. No clear post-treatment grading of PIN is
possible.281

Blockade of 5-alpha-reductase with finasteride appears to have
little or no effect on HGPIN, unlike other forms of androgen depri-
vation therapy. The incidence of HGPIN was unchanged in one
study after one year of finasteride.282

Prostate cancer
Hormonal therapy results in a significant overall reduction in the
volume of PCa when compared to untreated PCa in radical prosta-
tectomy from clinically confined disease. Vaillancourt et al280

reported a mean cancer volume of 4.66 cc in the untreated group
versus 2.11 cc in the group of patients treated before surgery. How-
ever, calculating cancer volume in hormonally treated prostate is a
very difficult task because residual disease is often present as scat-
tered and multiple microscopic foci within a tissue section, which
makes the calculation of tumor volume imprecise.

In general, histologic response seems to correlate with the tumor
patterns and the Gleason grades observed before the androgen
ablation therapy is started. Moreover, following total androgen
ablation the morphologic changes are more pronounced than after
hormonal monotherapy, i.e., LHRH analog or anti-androgen used
alone. Residual PCa invading the prostatic capsule, periprostatic soft
tissue, seminal vesicle, and metastatic to pelvic lymph nodes shows
therapy-induced changes similar to adenocarcinomas confined
within the prostate gland.280,281,283–290

The treated tumors, with acinar pattern (primary Gleason grade
1 to 3) in the biopsy before the androgen ablation therapy, show
neoplastic acini which appear shrunken, a decreased frequency of
intraluminal crystalloids, and areas of individual infiltrating tumor
cells separated by abundant connective tissue. The epithelial tumor
cells have cytoplasmic clearing and enlargement by coalescence of
vacuoles and rupture of cell membranes. The nuclear chromatin
shows different changes which range from a mild condensation –
which barely allows the distinction between coarse chromatin granules
(corresponding to heterochromatin) and finely dispersed chromatin
(corresponding to euchromatin) – to a tightly condensed state close
to that observed in apoptosis291 (Figure 4.13). Similar to treated PIN,
apoptotic bodies are easily identifiable in all epithelial cell layers as
well as macrophages and sloughed epithelial cells in the lumina.284

The hallmark of all the untreated adenocarcinomas is that the tumor
nuclei are frequently multinucleolated, the nucleoli being promi-
nent (mean diameter 1.47 �m), marginated, and with a perinuclear
halo. In the treated cases the nucleoli become inconspicuous, with-
out margination, and have a decreased mean diameter of 1.09 �m,
the nucleolar diameter being below 1.0 �m in 20% of the tumors.280

The treated tumors with pretreatment cribriform and solid/trabecu-
lar patterns (primary Gleason grade 4 and 5) show nuclear and cyto-
plasmic changes which appear less pronounced than in the acinar
pattern.

The stroma shows variable degrees of fibrosis, reduced capillary
vascularity, and variable density of lymphocytic infiltrates, often
intermingled with mast cells, plasma cells, and eosinophils. Infil-
trates of foamy histiocytes, difficult to distinguish from PCa cells
with clear cytoplasm, are sometimes present.290 Periprostatic fibro-
sis, obscuring the normal cleavage plane and making the operation
more difficult, is reported after hormonal therapy.292 The longer
patients receive hormonal therapy prior to surgery, the more fibro-
sis is observed around the prostate; up to now there are no detailed
qualitative and quantitative histologic studies on the degree of fibro-
sis and its specific location. Based on a preliminary morphologic
evaluation, it appears that there is an increased thickness of the
fibrous connective tissue septa which usually transverse the adipose
tissue surrounding the capsule. Focal areas in which the fatty tissue
is totally obliterated by connective tissue are sometimes present lat-
erally, posteriorly, and around the seminal vesicles. It cannot be
excluded that this feature represents tumor-induced stroma in
which cancer cells have regressed because of hormonal therapy.

Immunohistochemistry
In some cases residual tumor may be very focal, consisting only of
isolated cells or cell clusters within prostatic stroma. Identification
of these tumor foci is made more difficult by the presence of cellu-
lar, tumor-associated stroma and condensation of nuclear chro-
matin masking the prominent nucleoli of PCa cells. Significant
difficulty may be encountered in separating minute clusters and
single file ribbons of tumor cells from lymphocytes, myocytes, and
fibroblasts. Small foci of residual PCa may also be missed in 4 to
15% of prostatectomy specimens.280 Immunostaining with PSA and
prostatic acid phosphatase can detect persisting tumor cells, though
reduction in the intensity of staining following hormonal therapy
limits their usefulness.287 Cytokeratin immunohistochemistry may
be necessary to confirm the presence of residual PCa, especially for
pathologists with limited experience in these cases. Immunostaining
with a low-molecular-weight cytokeratin, such as CAM 5.2 antibody,

Figure 4.13
Prostate cancer. The neoplastic acini are shrunken. The
epithelial tumor cells have cytoplasmic clearing and
enlargement by coalescence of vacuoles and rupture 
of cell membranes. The nuclear chromatin shows different
changes, which range from a mild condensation to a tightly
condensed state close to that observed in apoptosis.
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will stain residual PCa cells, but the same cells will lack reactivity for
high-molecular-weight cytokeratin 34ßE12.283 The latter is expressed
only in the basal cells of the prostate and not in secretory acinar
epithelium, whether benign, premalignant, or malignant. Gleave
et al.293 found that 50% of the cases that exhibited no residual cancer
on routine pathologic assessment had remaining foci of cancer dis-
covered by immunostaining. Without the aid of additional step sec-
tions and immunostaining for cytokeratin these cases would have
been reported as being stage pT0.294 The usefulness of immunohis-
tochemistry was shown also by Gould et al295 in a study related to
colloid pools and slit-like or hemangiopericytoma-like spaces
devoid of lining cells occasionally present in the stroma of radical
prostatectomy specimens subsequent to androgen deprivation ther-
apy. These spaces showed strong immunostaining for A-80, an
onco-developmental mucinous glycoprotein expressed only in pre-
neoplastic and neoplastic prostatic cells, combined with sporadic
cytokeratin reaction. The authors suggested that at least some of
these spaces represent remnants of carcinomatous glands.295

Pathologic ‘grading’ of treated
prostate cancer
A third of treated PCa cases are classified as high-grade (Gleason
score 8 to 10), whereas, of the 56% that are of intermediate grade
(Gleason score 5 to 7), the majority are Gleason score 7.279,280,286

These percentages are much higher than expected in radical prosta-
tectomy, i.e., there is a significant upgrading. Murphy’s group286

considered it likely that a shift to a higher grade in the prostate was
largely an artifact of therapy-induced regression and due to the
destruction of most of the tumor bulk, the residual tumor being often
made of numerous isolated, single cells. These cells are non-viable
and show marked therapy effects. According to others, higher grad-
ing could be explained by selective apoptosis of the more hormone-
sensitive (low-grade) cells, leaving mainly higher-grade tumor cells
in the specimen, and leading to an increase in Gleason score.292 It has
been argued that tumor upgrading is the result of selection of an
androgen-insensitive clone, more likely to be poorly differenti-
ated.296 Data existing in the literature do not support this hypothesis.

Because of therapy-induced morphologic changes, grading of
residual PCa, based on standard Gleason criteria, is not accurate
and, therefore, discouraged.287 Montironi et al297 developed a Bayesian
belief network (BBN) for the identification of PCa with hormone
therapy changes from PCa with poor-to-no treatment effect and
from untreated PCa. The BBN allowed the identification with high
certainty of PCa with treatment-related changes from those either
with poor/no treatment effect or untreated. There was complete
agreement between the network results and the clinical information
of androgen deprivation or not before surgery. There was a statisti-
cally significant correlation between pretreatment tumor grade and
network results. Montironi et al concluded that a BBN for the evalu-
ation of androgen-deprived PCa offers a descriptive classifier which
is readily implemented in the evaluation of the degree of induced
changes and allows the use of descriptive linguistic terms.

Van de Voorde et al290 devised a regressive score system in a study
on radical prostatectomy specimens from patients with localized
PCa treated either with flutamide or estramustine phosphate (a hybrid
molecule combining an estrogen moiety and an alkylating agent). The
regressive score was based on the evaluation of nuclear pyknosis,
cytoplasmic vacuolization, degree of fibrosis, and interstitial lympho-
cytic infiltration. Each of these four features had different outcomes

expressed in numbers. They found that the score values obtained
from the patients treated with estramustine phosphate were higher
than those from patients treated with flutamide. This system is sim-
ilar to that published by Montironi et al.297 The main difference is
that the network from the latter group gives the level of confidence
on the regression grade.

Effect of androgen ablation on
pathologic stage and resection
limit status of prostate cancer
There is conflicting evidence regarding pathologic downstaging,
with some studies suggesting benefit and others no benefit of andro-
gen manipulation before radical prostatectomy. The least controver-
sial aspect of neoadjuvant therapy is its impact on surgical margins.298

Most series, whether prospective and controlled or not, and whatever
the type of hormonal deprivation, have shown that neoadjuvant
therapy in clinical T2 tumors is associated with a 20–25% decrease
in positive margins in radical prostatectomy specimens.292 In
patients with clinical T3 tumors, the effects of neoadjuvant therapy
on positive margins are less clear.

Changes after radiation therapy

Prostatic intra-epithelial neoplasia
To date there are only few papers on the effect of radiation therapy
(RT) on high-grade PIN. The most recent reference to this was made
by Cheng et al299 in a paper on the prevalence and distribution of
PIN in salvage radical prostatectomy specimens after radiation
therapy. It was found that PIN identified after RT usually retains the
features characteristic of untreated PIN. It is readily recognized in
the radical prostatectomy specimens. The salient pathologic features
include nuclear crowding, nuclear overlapping and stratification,
nuclear hyperchromasia, and prominent nucleoli. The basal cell layer
is still present, but fragmented. The most common patterns of
PIN are tufting and micropapillary, similar to those reported by
Bostwick et al.15 Basal cell prominence and secretory cell cytoplasm
vacuolization may be seen in high-grade PIN after RT.

The main differential diagnosis of high-grade PIN after RT is
atypical basal cell hyperplasia. The proliferation of basal cells in
atypical basal cell hyperplasia is often eccentrically located with par-
tial involvement of acini, retaining the overlying columnar or
cuboidal secretory cells. These atypical basal cells have enlarged
nuclei and nucleoli, fine powdery chromatin, occasional nuclear
grooves, and an absence of apocrine blebs. Nuclear ‘bubble’ artifact or
intranuclear vacuoles may be seen. In difficult cases, the use of
immunostaining for high-molecular-weight keratin may be helpful
in distinguishing atypical basal cell hyperplasia from high-grade
PIN. Data on the effect of RT on intraductal carcinoma are not
available yet.

Cheng et al also gave information about the prevalence and extent
of PIN after RT.299 In particular, they found small-volume PIN
(mean 0.12 cm3) in 62% of patients. By comparison, Qian et al16

noted that 82% of step-sectioned prostate glands removed for
prostate cancer had coexistent untreated high-grade PIN, with an
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average volume of 1.32 cm3. Akakura et al300 found a higher inci-
dence (70%) of PIN after RT than Cheng et al.299 These two groups
suggested that RT affects non-invasive precursor lesions in a manner
analogous to that apparent in ductal carcinoma in situ of the breast.
A different opinion was expressed by Wheeler, who concluded that
insufficient information existed to determine whether RT affected
the incidence and extent of PIN.301

The long-term efficacy of radiation treatment may depend on
eradication of cancer as well as precancerous lesions that may other-
wise lead to evolution of secondary metachronous invasive cancers.
Identification of residual or recurrent cancer portends a worse
prognosis. The questions remain whether recurrent cancer after irradi-
ation is due to regrowth of incompletely eradicated tumor or progres-
sion from incompletely eradicated HGPIN. Further studies of
salvage prostatectomy specimens and post-RT needle biopsies are
justified in an attempt to establish the significance of HGPIN as a
source of long-term treatment failure among these patients. If
HGPIN is associated with treatment failure, adjuvant chemopreven-
tion strategies that ablate this lesion or coexistent carcinoma may
reduce the risk of late cancer recurrence.

Prostatic cancer
Radiation therapy can be given as either external beam or interstitial
seed implants, or as a combination of the two. The histologic effects
on the cancer are identical. After radiation therapy the prostate gland
is usually small and hard. Radiation therapy affects prostate cancer
variably, with some glands showing marked radiation effect and others
showing no evidence of radiation damage. Architecturally, carcinomas
showing treatment effects typically lose their glandular pattern,
resulting in clustered cells or individual cells. Cytologically, the cyto-
plasm of the tumor cells is pale, increased in volume, and often vac-
uolated. There is often a greater variation of nuclear size than in

non-irradiated prostate cancer and the nuclei may be pyknotic or
large with clumped chromatin. Nucleoli are often lost.302–308 Para-
doxically the nuclear atypia in prostate carcinoma showing radia-
tion effect is less than that seen in radiation atypia of benign glands.
The stroma is often sclerosed, particularly following radioactive seed
implantation. In the latter the stromal hyalinization is often sharply
delineated. Biopsy findings predict prognosis with positive biopsies
showing no treatment effect having a worse outcome than negative
biopsies, and cancer with treatment effect having an intermediate
prognosis.309

Immunohistochemistry
By immunohistochemistry, tumor cells with treatment effect are
usually positive for PAP and PSA. These antibodies along with pan-
cytokeratins are very helpful to detect isolated residual tumor cells,
which can be overlooked in H&E stained sections. Immunohisto-
chemistry with antibodies against 34�E12 or p63 is useful to distin-
guish cancer from normal with effects due to radiation therapy
(Figures 4.14(A) and (B)).

Pathologic ‘grading’ of treated
adenocarcinoma
Following radiation therapy, prostatic biopsy should be diagnosed
as no evidence of cancer, cancer showing no or minimal radiation
effect, or cancer showing significant radiation effect, or a combina-
tion of the above. Although there exist various systems to grade radi-
ation effects, these are not recommended for routine clinical
practice.

Figure 4.14
Changes after radiation therapy. (A) Acinus suspicious for adenocarcinoma. Loss of glandular pattern. Cytologically, the cytoplasm of
the tumor cells is pale, increased in volume and often vacuolated. (B) Immunohistochemistry with an antibody against 34�E12 is
useful to distinguish cancer from normal cells with effects due to radiation therapy.
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Part 9
Prognosis of prostate cancer

Knowledge of prognostic factors in cancer has broad applications in
areas of patient care, research, and in cancer control programs
(Table 4.11). Prognostic factor assessment in a given cancer allows
appropriate selection of diagnostic treatment plans. It allows for
prediction of outcome in individual patients and also general out-
comes following a therapeutic intervention. Prognostic factors are
also important for education of patients and caregivers.

In the research area, knowledge of prognostic factors allows
appropriate stratification of patients in clinical trials to properly
assess and compare therapeutic outcomes. Furthermore, it defines
subgroups with predictably poor outcomes for other novel experi-
mental therapies and can identify candidates for possible organ
preservation trials.

In broader terms, an understanding of prognostic factors is used
in cancer control programs to plan resources and to assess screening
programs. Prognostic factors are also important in the introduction
and monitoring of clinical practice guidelines and for public educa-
tion about oncology.1

Prostate biopsies
The information provided in the surgical pathology report of a
prostate needle biopsy with carcinoma has become critical in the
subsequent management and prognostication of the cancer. The sur-
gical pathology report should thus be comprehensive and yet suc-
cinct in providing relevant information consistently to urologists,

radiation oncologists and oncologists, and, thereby, to the patient310,311

(Table 4.12).

Histologic type
Since acinar adenocarcinoma is the overwhelming histologic type of
cancer in needle biopsy specimens, it is not necessary to specify such
cancers as acinar or conventional type in pathology reports.

Carcinomas of the prostate with architectural or cytologic varia-
tions such as atrophic, pseudohyperplastic, hypernephroid, etc., are
descriptive terms used to describe variations in prostate cancer to
help pathologists recognize diagnostic pitfalls, but have no known
prognostic significance. They may be commented upon in a micro-
scopic description and do not deserve specific mention in the final
diagnosis.

Several variants of prostate cancer have been described, including
ductal, mucinous, signet-ring cell, adenosquamous, small cell carci-
noma, and sarcomatoid carcinoma.240 The former three are diagnoses
tenable only on examination of radical prostatectomy or transurethral
resection specimens. If seen in needle biopsy specimens the diagnos-
tic terminology used must be: adenocarcinoma of prostate with
ductal features; adenocarcinoma of prostate with signet-ring cell
features; and adenocarcinoma of prostate with mucinous differentia-
tion. Small cell carcinoma, sarcomatoid carcinoma, and adenosqua-
mous carcinoma may be diagnosed on needle biopsies. There are no
formal studies that have demonstrated that the presence of these his-
tologic variants in needle biopsies is of prognostic or predictive
importance, although the often aggressive outcome associated with
such tumors suggests the value of this exercise.

Cancer grade
The Gleason grading system is recommended as the international
standard for grading prostate cancer (see Part 7 Current clinical practice

Table 4.11 Application of prognostic factors

Patient care
■ Select appropriate diagnostic tests
■ Choose appropriate treatment plan
■ Predict outcome for individual patient
■ Establish informed consent
■ Assess outcome of therapeutic intervention
■ Select appropriate follow-up monitoring
■ Provide patient and caregiver education

Research
■ Prognostic stratification
■ Design future studies

Cancer control programs
■ Plan resource requirements
■ Assess the impact of screening programs
■ Introduce and monitor clinical practice guidelines
■ Explain variation in observed outcomes
■ Provide public education

Table 4.12 Prognostic factors in prostate biopsies 
with cancer

■ Location and distribution of tumor
■ Histopathologic type
■ Gleason score including primary and secondary pattern
■ Extent of involvement
■ Local invasion: extraprostatic extension and seminal vesicle

involvement
■ Perineural invasion: extent (focal vs multifocal) and diameter of

nerve bundles
■ Lymphovascular invasion
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of Gleason grading of prostate cancer). The WHO nuclear grading sys-
tem should be used in addition to the Gleason scheme, but, in prac-
tice, is rarely or never reported.244

Extent of involvement of needle
core (tumor volume)
The amount of tumor in prostate needle cores is an important
pathologic parameter that must be reported in needle biopsies
(Table 4.13). The extent of involvement of needle cores by prostatic
adenocarcinoma has been shown to correlate with the Gleason
score, tumor volume, surgical margins, and pathologic stage in rad-
ical prostatectomy specimens.255,312 The extent of needle core
involvement including bilateral involvement has also been shown to
predict biochemical recurrence, post-prostatectomy progression,
and radiation therapy failure in univariate and often in multivari-
ate analysis.255,312–314 It is a parameter included in some recent
nomograms created to predict pathologic stage and seminal vesicle
invasion after radical prostatectomy and radiation therapy fail-
ure.313,315–317

The amount of cancer in a biopsy specimen depends on many
factors, including prostate volume, cancer volume, cancer distribu-
tion, technical procedure, number of biopsy cores obtained, and
cohort of patients being evaluated.

There is a lack of consensus in the literature as to the best method
of reporting the extent of tumor involvement. The report should
provide the number of involved cores (if possible it should include
percentage of cores involved). In addition, one or both of the follow-
ing more detailed methods of tumor extent should be performed.
One method is to report the linear length of cancer in mm (total tumor
length in all biopsies; longest single length of tumor)318 (Figure 4.15).
The other method is to provide a percentage estimate of involvement

of each of the cores derived by visual estimation (overall percentage
of cancer in all biopsies, percentage of each core involved; reporting
the percentage of cancer involvement in increments of 5 or 10% is
appropriate).319 The correlation is with greater involvement of the
cores. While the correlation for high tumor burden in needle biop-
sies is directly proportional to the likelihood of an adverse out-
come, low tumor burden in needle biopsies is not necessarily an
indicator of low volume and low-stage cancer in the prostatectomy
specimen.320

One problem encountered with this otherwise straightforward
method is when there is extreme fragmentation of the needle biopsy
specimen, making assessment of the number of cores and the per-
centage of cancer within each core difficult. In case of highly frag-
mented tissue this may be overcome by providing a composite
(global) percentage of involvement of cancer in all needle biopsy
tissue, and this may be a slightly more accurate correlate of the
amount of cancer in the prostate gland itself.

Bilateral cancer, which indicates multifocality, is indirectly sug-
gestive of greater tumor volume. This parameter is easily deduced
from the pathology report findings of each of the cores submitted. In
patients not subsequently treated by radical prostatectomy, this is a
critical factor in assigning ‘pathologic stage’.

Local invasion (location of
carcinoma)
Routine biopsy sampling may occasionally contain extraprostatic fat
or seminal vesicle tissue. If cancer is noted to involve these struc-
tures, the finding would indicate pT3 disease (Figure 4.16). The
presence of seminal vesicle invasion or extraprostatic fat involve-
ment in the staging biopsy is highly correlative of similar findings at
radical prostatectomies. Extraprostatic fat invasion at needle biopsy
is highly predictive of biochemical recurrence (79% compared to
43% failure rate in cases with extraprostatic extension not detected
by needle biopsy).

Only exceptionally rarely is fat present within the normal
prostate. Hence, tumor in adipose tissue in a needle biopsy specimen
can safely be interpreted as extraprostatic extension.319,321 Ganglion
cells and skeletal muscle involvement by tumor is not equivalent to
extraprostatic extension as they may both be found frequently
within the prostate.

Distinction between the seminal vesicle epithelium and ejacula-
tory duct epithelium may be impossible in limited samples, although
occasionally the seminal vesicle can be distinguished if its smooth

Table 4.13 Diagnostic reporting of amount of 
tumor in needle cores

■ Number of cores involved
■ Amount of cancer in biopsy (either method optional)

— Linear measurement in mm (total tumor length in all
biopsies, longest single length of tumor)

— Percent of sampled tissue (overall % of cancer in all biopsies,
% of each core involved)

■ Bilaterality

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
mm

Figure 4.15
Prostate biopsy with cancer. A ruler is also
present. Extent of involvement of needle core
is equal to 3 mm.

MIKUZ_Ch04.qxp  8/2/2007  6:01 PM  Page 122



Prostate cancer origins, diagnosis, and prognosis in clinical practice 123

muscle wall is present. In contrast, ejaculatory duct epithelium has a
rim of fibrous tissue that is rich in thin blood vessels. If the distinc-
tion between seminal vesicle tissue/ejaculatory duct is not feasible,
diagnostic terminology such as ‘adenocarcinoma of the prostate with
invasion of seminal vesicle/ejaculatory duct tissue’ may be used.

In seminal vesicle or extraprostatic fat targeted biopsies, it is
important to not only diagnose cancer, but also to determine whether
or not the targeted tissue is represented. In a positive biopsy, if the
intended tissue is not present and its absence not specified in the report,
there is a high likelihood of misinterpretation of locally advanced dis-
ease which is not present. Also, seminal vesicle containing/targeted
biopsies should demonstrate tumor within the muscular wall.

Perineural invasion
Perineural, circumferential, or intraneural invasion is defined as the
presence of prostate cancer juxtaposed intimately along, around, or
within a nerve (Figure 4.17). Other descriptors of perineural inva-
sion that may strengthen the prognostic significance of this parame-
ter include extensive (multifocal) perineural invasion and greater
nerve diameter.322 Involvement of nerves present within adipose tis-
sue (extraprostatic nerves) by cancer indicates extraprostatic exten-
sion and deserves notation in the pathology report when present.

Although perineural invasion in needle biopsy specimens is not
an independent predictor of prognosis when the Gleason score, serum
PSA, and extent of cancer are factored in, most studies indicate that its
presence correlates with extraprostatic extension (38–93%).323–325

Recent data suggest that this finding may independently predict
lymph node metastasis and post-surgical progression.324,326 This
parameter may also be used to plan nerve-sparing surgery.327 Some
of the data from the radiation oncology literature suggest that it is an
independent risk factor for predicting adverse outcome after exter-
nal beam radiation therapy and in patients with high Gleason score
and perineural invasion, adjuvant hormonal therapy or dose escala-
tion has been advocated.324,328

Vascular/lymphatic invasion
Microvascular invasion consists of tumor cells within endothelial-
lined spaces (Figure 4.18). The presence of a cellular reaction in the

adjacent stroma is not required for diagnosis. Also, we do not differ-
entiate between vascular and lymphatic channels because of the dif-
ficulty and lack of reproducibility among different observers by
routine light microscopic examination.329 Microvascular invasion
may be confused with fixation-associated retraction artifact of acini.
Immunohistochemical stains directed against endothelial cells such
as factor VIII-related antigen, Ulex Europaeus, CD31, or CD34 may
increase the detection rate329 (Figure 4.18, insert).

Since lymphovascular invasion as studied in radical prostatec-
tomy specimens correlates with lymph node metastasis, biochemical
recurrence, and distinct metastasis, its presence in the needle biopsy
is likely to have similar correlations. This feature is very rarely seen
in needle biopsy specimens. This finding should be reported in
needle biopsy specimens only if identified.330,331

Prognostic molecular markers
Other preoperative factors may improve the predictive accuracy for
pathologic stage, including neuroendocrine (NE) differentiation
(see also Parts 6 and 11), nuclear DNA content, and microvessel
density332,333 (Table 4.14).

Figure 4.16
Cancer involves extraprostatic fat.

Figure 4.17
Perineural invasion.

Figure 4.18
Microvascular invasion. (Insert: immunohistochemical stains
directed against endothelial cells such CD34).
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NNuucclleeaarr  DDNNAA  ccoonntteenntt
DNA ploidy analysis of prostate cancer by flow cytometry and digital
image analysis provides important prognostic information that sup-
plements histopathologic examination. Controversy exists, however,
about whether it is a significant predictor above Gleason score in mul-
tivariate analysis. DNA ploidy pattern correlates with cancer grade,
tumor volume, and stage.334 Most low-stage tumors are diploid, and
high-stage tumors are non-diploid, but many exceptions occur.335

MMiiccrroovveesssseell  ddeennssiittyy
A significant increase in microvessel density (MVD) occurs in pro-
static intraepithelial neoplasia336 and carcinoma compared with nor-
mal prostatic tissue.336 Mean blood vessel count is higher in tumors
with metastases than in those without metastases,337 and most stud-
ies,336 but not all,338 show a correlation with pathologic stage. MVD
appears to be an independent predictor of cancer progression in
some studies.338,339 The cumulative data suggest that increased MVD
contributes to extraprostatic spread of adenocarcinoma, perhaps by
facilitating microvascular invasion.

OOtthheerr  mmoolleeccuullaarr  mmaarrkkeerrss
The discovery of new molecular markers that in a needle biopsy setting
are of prognostic significance is very much the need of the hour.311,333

After radical prostatectomy and
pelvic lymphadenectomy
The pathology report should include clinically relevant information
as well as provide clinically useful information derived from the

macroscopic examination and microscopic evaluation of the radical
prostatectomy specimens and pelvic lymph nodes (Tables 4.15 and
4.16). Separately, some other extensively studied biological and clin-
ical factors, whose importance remains to be validated in statistically
robust studies, may be recorded.

Table 4.14 Biomarkers of potential prognostic usage
in prostate cancer*

Proliferation/apoptosis Growth factors (GF)
Ki-67 (mib-1) epidermal GF : Her2/neu
PCNA insulin-like GF
bcl-2 fibroblast GF
high mobility protein I (Y) transforming GF

endothelial GF
Enzymes platelet GF

5 alpha-reductase neural GF
telomerase
racemase Microvessel density
12-lipoxygenase
metalloproteinases + Genetic/molecular
inhibitors DNA ploidy

chromosome 7,8 gains/losses
Proteins p53

cytokeratins p21
cell adhesion marker c-myc expression
E-cadherin Rb protein
relaxin androgen receptor gene
activin mutation
inhibin KAT 1 suppressor gene
androgen receptor

*This list is not meant to be comprehensive but presents some general
categories of biomarkers and specific examples where research has been
undertaken.

Table 4.15 Clinical information

1. Patient identification
a. Identification number
b. Name
c. Age (birth date)

2. Clinical information
a. Relevant history and preoperative findings (previous 

diagnosis, treatment, includes PSA, imaging)
b. Operative findings
c. Anatomic site(s) of specimen(s)
d. Procedure

■ Retropubic procedure
– nerve sparing
– standard radical

■ Perineal procedure
■ Others

3. Responsible physician(s)

Table 4.16 Required reporting for radical
prostatectomy specimen

1. Histologic type of carcinoma
2. Gleason grade (when untreated) (if 3 patterns are present,

record the predominant and second most common patterns;
the tertiary pattern should be recorded in a comment if higher
than primary and secondary patterns)

3. Tumor location
4. Margin status

Extent if positive
Focal
Non-focal
Location of positive margins
Specify status of following margins: bladder neck, apical, vas
deferentia (optional)
Nature of positive margins
In area of extraprostatic extension
Iatrogenic (pT2+)

5. Extraprostatic extension (EPE)
Extent of EPE
Focal
Non-focal
Location of EPE

6. Vascular invasion
7. Seminal vesicle invasion
8. Tumor quantitation*
9. Pathologic staging (pTNM)

10. Comments: correlation with intra-operative consultation;
correlation with other specimens, as appropriate; correlation
with clinical information, as appropriate

* Some indication as to tumor extent is advised, even if a subjective
‘minimal’, ‘moderate’, or ‘extensive’. Optional techniques include more
objective quantification, such as ‘tumor percentage within the gland’.
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Histologic type of cancer
In recent years, a number of new and unusual histologic variants or
subtypes have been identified. These variants represent the spec-
trum of changes which can occur in adenocarcinoma. The biological
behavior of many of these variants may differ from typical adeno-
carcinoma and proper clinical management depends on accurate
diagnosis and separation from tumors arising in other sites. It is
recommended that subtypes, such as small cell, ductal, and muci-
nous, should be reported if they are noted histologically. Mixtures of
different histologic types should be indicated.340

Histologic grade of cancer
The Gleason score assigned to the tumor at radical prostatectomy is
the most powerful predictor of progression following radical prosta-
tectomy235,236,259,267,341 (see Part 7 Current clinical practice of Gleason
grading of prostate cancer).

Staging
The protocol recommends the use of the TNM staging system for car-
cinoma of the prostate of the American Joint Committee on Cancer
(AJCC) and the International Union Against Cancer (UICC), as
shown below.342,343 The most recent revision was published in 2002.
Clinical classification (cTNM) is usually carried out by the referring
physician before treatment during initial evaluation of the patient or
when pathologic classification is not possible (Table 4.17). The pre-
fix symbol ‘p’ refers to the pathologic classification of the TNM

(pTNM), as opposed to the clinical classification (Table 4.18). Patho-
logic classification is based on gross and microscopic examination.
By AJCC/UICC convention, the designation ‘T’ of the TNM classifi-
cation refers exclusively to the first resection of a primary tumor.
Therefore, pT entails a resection of the primary tumor or biopsy
adequate to evaluate the highest pT category; pN entails removal of
nodes adequate to validate lymph node metastasis; and pM implies
microscopic examination of distant lesions (Tables 4.19 and 4.20).

Tumor remaining in a resection specimen following previous
(neoadjuvant) treatment of any type (radiation therapy alone,
chemotherapy alone, or any combined modality treatment) is 
codified by the TNM using a prescript ‘y’ to indicate the post-treatment
status of the tumor (e.g., ypT1). The classification of residual disease
may be a predictor of postoperative outcome. In addition, the
ypTNM classification provides a standardized framework for the
collection of data needed to accurately evaluate new neoadjuvant
therapies.

Tumor that is locally recurrent after a documented disease-free
interval following surgical resection is classified according to the
TNM categories, but modified with the prefix ‘r’ (e.g., rpT1).

Table 4.17 Primary tumor, clinical (cT) (2002
revision)*

■ TX: Primary tumor cannot be assessed
■ T0: No evidence of primary tumor
■ T1: Clinically inapparent tumor not palpable or visible by

imaging
– T1a: Tumor incidental histologic finding in 5% or less of

tissue resected
– T1b: Tumor incidental histologic finding in more than 5% of

tissue resected
– T1c: Tumor found in one or both lobes by needle biopsy, but

not palpable or visible by imaging (elevated PSA)
■ T2: Tumor confined within the prostate

– T2a: Tumor involves one half of one lobe or less
– T2b: Tumor involves more than half of one lobe, but not

both lobes
– T2c: Tumor involves both lobes

■ T3: Tumor extends through the prostatic capsule*
– T3a: Extracapsular extension (unilateral or bilateral)
– T3b: Tumor invades the seminal vesicle(s)

■ T4: Tumor is fixed or invades adjacent structures other than the
seminal vesicles, bladder neck, external sphincter, rectum,
levator muscles, and/or pelvic wall

* Invasion into the prostatic apex or into (but not beyond) the prostatic
capsule is not classified as T3, but as T2. Tumor extension into periprostatic
soft tissue, as opposed to organ confined cancer (T2), is T3.

Table 4.18 Primary tumor, pathologic (pT) (2002
revision)

(There is no pathologic T1 category)
■ pT2: Organ confined*

– T2a: Tumor involves one half of one lobe or less
– T2b: Tumor involves more than half of one lobe, but not

both lobes
– T2c: Tumor involves both lobes

■ pT3: Extraprostatic extension
– pT3a: Extraprostatic extension
– pT3b: Seminal vesicle extension

■ pT4: Invasion of bladder,** rectum

* Invasion into the prostatic apex or into (but not beyond) the prostatic
capsule is not classified as T3, but as T2. Tumor extension into periprostatic
soft tissue, as opposed to organ confined cancer (T2), is T3.
** See text.

Table 4.19 Regional lymph nodes (N)

■ NX: Regional lymph nodes cannot be assessed
■ N0: No regional lymph node metastasis
■ N1: Metastasis in regional lymph node or nodes

Table 4.20 Distant metastasis (M) (when more than
one site of metastasis is present, the most advanced
category (pM1c) is used)

■ MX: Distant metastasis cannot be assessed
■ M0: No distant metastasis
■ M1: Distant metastasis

– M1a: Non-regional lymph node(s)
– M1b: Bone(s)
– M1c: Other site(s)
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Extent of local invasion
This includes extraprostatic extension (pT3a) and seminal vesicle
involvement (pT3b).

Histologically, the prostatic capsule is not well defined. In areas
there may appear to be a fibrous or fibro-muscular band at the edge
of the prostate, although in other areas normal prostatic glands
extend out to the edge of the prostate without any appearance that
there is a capsule. Because the prostate lacks a discrete capsule, the
term ‘extraprostatic extension’ (EPE) has replaced ‘capsular pene-
tration’ to describe tumor that has extended out of the prostate into
periprostatic soft tissue243,344 (Figures 4.19(A) and (B)). Tumor abut-
ting on or admixed with fat constitutes extraprostatic extension.
EPE may also be reported when tumor involves perineural spaces in
the neurovascular bundles, even in the absence of periprostatic fat
involvement.

The group from Baylor has been one of the few proponents of
assigning levels to designate the extent of tumor going through the
‘capsule’.241 As there is no well-defined prostatic capsule, it is hard to
imagine how one would reproducibly diagnose tumor going into
but not through the ‘capsule’.

Difficulty in diagnosing EPE arises when tumor extends out of
the prostatic gland and induces a dense desmoplastic response in the
periprostatic adipose tissue. This is most commonly seen in prosta-
tectomy specimens obtained after endocrine neoadjuvant therapy.
Because of the desmoplastic response, it can be difficult to judge
whether the tumor has extended out of the gland or is within the
fibrous tissue of the prostate. The best way of assessing whether
extraprostatic extension has occurred is to look at the adjacent edge
of the prostate on scanning magnification where there is no tumor
and follow the edge of the gland to the area in question to see whether
the normal rounded contour of the gland has been altered by a pro-
tuberance corresponding to extension of tumor into the periprosta-
tic tissue.

In certain locations, such as the anterior prostate and bladder
neck regions, there is a paucity of fat. In these locations EPE is deter-
mined when the tumor extends beyond the confines of the normal
glandular prostate. At the apex, tumor admixed with skeletal muscle
elements does not constitute extraprostatic extension.345

The degree of extraprostatic extension varies from only a few
glands outside the prostate to cases with more extensive extraprostatic
spread. The amount of EPE carries prognostic importance. Different

ways have been used to define the amount of EPE. If it is equal to, or
less than two high-power (40 �) microscopic fields, then EPE is
focal.243 Any amount in excess of two high-power fields is considered
to be either non-focal or extensive.

Seminal vesicle invasion (SVI) is defined as cancer invading into
the muscular coat of the seminal vesicle346,347 (Figure 4.20). SVI has
been shown in numerous studies to be a significant prognostic indi-
cator.348–351 Three mechanisms by which prostate cancer invades the
seminal vesicles were described by Ohori et al347 as:

1. by extension up the ejaculatory duct complex;
2. by spread across the base of the prostate without other evidence

of EPE or involvement from tumor invading the seminal vesicles
from the periprostatic and periseminal vesicle adipose tissue;
and

3. as an isolated tumor deposit without continuity with the primary
prostate cancer tumor focus.

While in most cases, SVI occurs in glands with EPE, the latter
cannot be documented in a minority of these cases. Many of these
patients had only minimal involvement of the seminal vesicles, or
involving only the portion of the seminal vesicles that is at least
partially intraprostatic. Patients in this category were reported to
have a favorable prognosis, as for otherwise similar patients without
SVI.346

Several improvements of the 6th edition TNM staging of prostate
cancer were recommended (Table 4.21).241

Positive surgical margins
Patients with positive margins have a significantly increased risk of
progression as compared to those with negative margins.352 There
are two causes for positive margins (Figure 4.21):

■ Non-iatrogenic causes of positive margins: positive margins can
result from a failure to widely excise extraprostatic extension of
tumor.

■ Capsular incision: one cause of a positive resection margin is
transection of intraprostatic tumor (capsular incision). These cases

A B

pT2a pT3a

Figure 4.19
(A) Cancer is still within the peripheral zone of the prostate. (B) Cancer extends to the periprostatic fat tissue (EPE).
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should be designated as pathologic stage T2X, denoting that else-
where the tumor is organ-confined, yet one cannot determine
whether there is extraprostatic extension in the region of capsu-
lar incision as the edge of the prostate has been left in the patient.

Surgical margins should be designated as ‘negative’ if tumor is
not present at the inked margin and as ‘positive’ if tumor cells touch
the ink at the margin (Figure 4.22). Positive surgical margins should
not be interpreted as extraprostatic extension. If the surgical margin
is positive, the pathologist should state this explicitly, although this
finding is not relied upon for pathologic staging. The examining
pathologist should be aware of false positive margins due to the pen-
etration of ink into cracks present on the external surface. The main
cause for discrepancy in the definition of a positive margin is seen in
situations in which cancer was very close but not clearly touching
the inked margin or when the color used to identify the margin
appeared very pale.

The specific locations of the positive margins should be docu-
mented and there should be some indication (e.g. number of positive
blocks, linear extent in millimeters) of the extent of margin positivity.
The apex should be closely examined because of its unusual suscep-
tibility to positive margins.152,345,352

There is no full consensus on the definition of the T category in
the situation in which the prostate base/bladder neck is involved and
the margin is positive. This problem is linked to the fact that the basal
prostatic stroma blends imperceptively into the bladder neck muscu-
lature and, therefore, to the difficulty in defining the exact transition
point from prostate base to bladder neck, even though the latter is
composed of distinct large bundles of smooth muscle fibers.353 Micro-
scopic involvement of bladder neck muscle fibers in radical prostat-
ectomy specimens should be defined as pT4.354 Others355 think that
the microscopic involvement of bladder neck muscle fibers in radi-
cal prostatectomy specimens should not be equated with a pT4 des-
ignation, the latter generally requiring gross involvement of the
bladder neck (Table 4.21).

Tumor remaining in a patient after therapy with curative intent
(e.g., surgical resection) is categorized by a system known as R clas-
sification (Table 4.22). This classification may be used by the surgeon
to indicate the known or assumed status of the completeness of the
surgical resection. For the pathologist, the R classification is relevant
only to the margins of surgical resection specimens; patients with
tumor involving the resection margins on pathologic examination

seminal vesicle

normal

PSA
pT3b

Figure 4.20
Seminal vesicle invasion. PSA immunostain confirms that it is
cancer originating from the prostate. A normal seminal vesicle 
is shown in the insert.

Table 4.21 Proposed modifications to the 6th edn
TNM staging for prostate cancer241

6th Edition Proposed modifications

pT2a, pT2b, pT2c Organ- pT2 Organ-confined
confined (stratified by how (regardless of extent)
much prostate involved)
pT3a Extraprostatic extension pT3a1 Focal extraprostatic
(not stratified by extent) extension
pT3b Seminal vesicle invasion pT3a2 Non-focal extraprostatic

extension
pT3b Seminal vesicle or
microscopic bladder neck invasion

pT4 Includes bladder neck pT4 Invasion of adjacent
invasion organs (excluding microscopic

bladder neck involvement)

pT2 with + margin (intraprostatic)

pT3a with + margin (extraprostatic)

pT2

pT3a

Figure 4.21
Diagram showing examples of pT2 (cancer confined within
prostate), pT3a (cancer with extraprostatic extension, EPE), pT2
with + margin (capsular incision: positive resection margin due
to transection of intraprostatic tumor), and pT3a with + margin
(non-iatrogenic cause of positive margins: positive margins due
to failure to widely excise extraprostatic extension of tumor).
Reproduced with permission from Montironi et al. Handling and
pathology reporting of radical prostatectomy specimens. Eur
Urol 2003; 44: 626–36.

SN DX

A

P

Figure 4.22
Cancer is present in the peripheral zone. The insert shows that
cancer reaches the inked margin.
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may be assumed to have residual tumor. Such patients may be clas-
sified as to whether the involvement is macroscopic or microscopic.

The pathology report should also indicate the presence of normal
prostate tissue at the resection margin level. This might help the
urologist explain why the serum PSA in patients with such a feature
remains detectable after radical prostatectomy. In fact, the serum
PSA value, even though very low, is not linked to tumor recurrence
and persistence but to incomplete resection of the prostate gland.

Vascular invasion
By AJCC/UICC convention, vessel invasion (lymphatic or venous)
does not affect the T category indicating local extent of tumor unless
specifically included in the definition of a T category. In all other
cases, lymphatic and venous invasion by tumor are coded separately.
The TNM system uses the categories L and V to indicate the presence
of lymphatic or venous invasion. Most of the time when vascular
invasion is noted it is in tumors with fairly advanced pathology such
that it is unclear as to its independent prognostic significance.340

Perineural invasion
Perineural invasion is one of the major mechanisms by which prostate
cancer spreads out of the gland. Perineural invasion is almost ubiqui-
tously present in radical prostatectomy specimens such that it is not
useful as a prognostic parameter and we do not record it within rad-
ical prostatectomy pathology reports. As with all of the other para-
meters, the key question is whether the presence of (intraprostatic)
perineural invasion in the prostatectomy specimen is an indepen-
dent prognosticator. At this time it is not entirely clear whether there
are differences in terms of prognosis between intraprostatic and
extraprostatic perineural invasion.151

Volume of cancer
One of the most controversial aspects of the pathologic assessment
of radical prostatectomy specimens is the measurement of tumor
volume. The critical and controversial question concerns whether
tumor volume is an independent prognostic parameter once other
routinely assessed variables are accounted for.

There is one situation where it is important to give some estimate
of tumor volume at radical prostatectomy. As a consequence of
screening for prostate cancer, we have seen an increase in the resec-
tion of prostates harboring cancers that are so small that they are
histologically difficult to identify. These cases currently account
for approximately 4% of our radical prostatectomy specimens. The
pathologist has to specify in the pathology report that these tumors

are ‘small’ or ‘minute’ (i.e., less than 0.5 cc) so that patients can be
counseled that they are 100% cured of their tumor.

A consensus for a standard method of volume determination has
not yet evolved. Volume is most precisely determined by stereologic
methods, using either planimetry or point counting based on over-
laid grids. However, the time and labor involved in these approaches
will probably not lead to their wide acceptance. It has been recom-
mended that at the very least, the proportion (percentage) of prostatic
tissue involved by tumor be included for all specimens.151

Biomarkers to predict progression
following radical prostatectomy
The drive to identify prognostic markers in prostate cancer is based
on the perceived need to develop ‘objective’ markers to either sup-
plant or supplement more ‘subjective’ markers that are currently in
use (i.e., conventional histologic grading). The more established
biomarkers are as follows: DNA ploidy, microvessel density (angio-
genesis), Ki-67, neuroendocrine differentiation, p53, P27kip1, p21WAF1,
bcl-2, Her-2/neu, E-cadherin, CD44, retinoblastoma (Rb) proteins,
apoptotic index, androgen receptor status, PSA and PSAP expres-
sion, and nuclear morphometry151 (Table 4.14).

It is important to recognize that these ‘objective’ markers are subject
to the same variability as more conventional histologic parameters. One
source of variability relates to different definitions of an abnormal
result. There are also differences amongst studies in the methodology as
to how to prepare and analyze the specimen for testing. There is also
subjectivity in the interpretation of a test. There are also differences in
terms of how the material is prepared prior to staining, which can affect
results.

These newer techniques must be approached critically and ratio-
nally to determine whether they provide additional prognostic
information beyond that which is currently available using more
conventional parameters.243,345

Pelvic lymph node assessment
The adverse prognosis of metastatic disease to the pelvic lymph
nodes is universally accepted. The incidence of pelvic lymph node
metastases at the time of radical prostatectomy has decreased over
the last couple of decades.345,356 As a consequence of the declining
incidence, concerns have been raised as to whether pelvic lymph-
adenectomy is necessary in all patients, especially those with a low
risk of having positive lymph nodes based on pre-operative clinico-
pathologic findings. The major factors contributing to this decrease
are better patient selection as to who is a good candidate for surgery
and the earlier detection of prostate cancer, both resulting from the
use of serum PSA testing.

IInnttrraa--ooppeerraattiivvee  ppaatthhoollooggiicc  aasssseessssmmeenntt  
ooff  ppeellvviicc  llyymmpphh  nnooddeess
The handling of lymphadenectomy specimens at the time of surgery
is controversial and depends on the philosophy of the urologist. Some
urologists will abort the radical prostatectomy in cases with positive
lymph nodes identified at the time of surgery since surgery will not

Table 4.22 Residual tumor in the patient

■ RX: Presence of residual tumor cannot be assessed
■ R0: No residual tumor
■ R1: Microscopic residual tumor
■ R2: Macroscopic residual tumor
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Table 4.25 Prognostic factors in localized prostate cancer

Prognostic factors Tumor related Host related Environment related

Essential Stage Age Socioeconomic factors
Grade Comorbidity
PSAlevel Performance status

Additional Ploidy Prior TURP Access to care
Race Expertise

New and promising PSMA

Kallikreins
Microvessel density
Mitotic figures
Cell adhesion
Neuroendocrine

differentiation
EGFR
Androgen receptor

*Denis L, Murphy GP. Prostate cancer. In: Gospodarowicz M, Henson DE, Hutter RVP, Eds. Prognostic Factors in Cancer,
2nd edn. Wiley-Liss 2001: Appendix 37B.1, 585.
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be curative. With these urologists, the pathologist should try to opti-
mize the identification of metastatic disease at the time of frozen
section. Other urologists will proceed with radical prostatectomy
when positive lymph nodes are found intra-operatively, as long as
patients are projected to have a long survival and might benefit in
terms of local control.

It is not practical to freeze all of the pelvic lymph nodes, especially
given the low likelihood of finding metastatic disease even on perma-
nent sections. A more reasonable approach would be to pre-opera-
tively identify clinical parameters associated with such a low risk of
lymph node metastases that frozen sections need not be performed.

Routine processing and reporting
of pelvic node specimens
In 6.5% of the cases the only lymph node metastasis is not in a
grossly recognized lymph node but in small lymph nodes embedded
in the adipose tissue. Based on this, all of the adipose tissue from the
pelvic lymphadenectomy specimens should be submitted for histo-
logic examination. The detection of pelvic lymph node metastases
may be enhanced through the use of special techniques. In particu-
lar, micrometastases can be immunohistochemically detected using
antibodies to a keratin cocktail.

Table 4.23 reports the features that should be evaluated when
examining lymph nodes.

Isolated tumor cells
Isolated tumor cells (ITCs) are single cells or small clusters of cells
not more than 0.2 mm in greatest dimension. Lymph nodes or dis-
tant sites with ITCs found by either immunohistologic examination
(Figure 4.23) or non-morphologic techniques (e.g., flow cytometry,
DNA analysis, polymerase chain reaction (PCR) amplification of a
specific tumor marker) should be classified as N0 or M0, respec-
tively. Specific denotation of the assigned N category is suggested for
cases in which ITCs are the only evidence of possible metastatic dis-
ease357 (Table 4.24).

Table 4.23 Reporting of regional lymph nodes

a. Number (specify location)
b. Number involved by tumor

(1) Specify location, if possible
(2) Size of metastatic deposit (i.e. if < 2 mm �

micrometastasis)
(3) Extracapsular extension, if present

Figure 4.23
Isolated tumor cells are detected by immunohistochemistry.

Table 4.24 Regional lymph modes (pN0) and isolated
tumor cells

■ pN0: No regional lymph node metastasis histologically, no
examination for isolated tumor cells (ITCs)

■ pN0(i	): No regional lymph node metastasis histologically,
negative morphologic (immunohistochemical) findings for ITCs

■ pN0(i+): No regional lymph node metastasis histologically,
positive morphologic (immunohistochemical) findings for ITCs

■ pN0(mol	): No regional lymph node metastasis histologically,
negative non-morphologic (molecular) findings for ITCs

■ pN0(mol+): No regional lymph node metastasis histologically,
positive non-morphologic (molecular) findings for ITCs

MIKUZ_Ch04.qxp  8/2/2007  6:01 PM  Page 129



130 Clinical Pathology of Urologic Tumors

UICC prognostic factor initiatives
In addition to the TNM project, the International Union Against
Cancer (UICC) has supported a Prognostic Factor Project Commit-
tee which reviewed the literature on prognostic factors. The UICC
has underscored the importance of prognostic factors in patient
care, research, and also in cancer control programs. In the UICC

prognostic factor system, essential, additional, and new and promis-
ing categories of prognostic factors are recognized. These clinical
relevance based groupings are somewhat analogous to but not iden-
tical with the system proposed by the College of American Patholo-
gists. The prognostic factors for localized and advanced prostate
cancer taken from the 2001 monograph are shown in Tables 4.25
and 4.26.

Table 4.26 Prognostic factors in advanced prostate cancer*

Prognostic factors Tumor related Host related Environment related

Essential T,N,M categories Age Socioeconomic factors
Grade Comorbidity
PSA level Performance status
Pain

Additional Hemoglobin Access to care
Alkaline Expertise

phosphatase
Creatinine

New and promising PSMA
EGFR
Androgen receptor

*Denis L, Murphy GP. Prostate Cancer. In: Gospodarowicz M, et al eds. Prognostic Factors in Cancer, 2nd edn. Wiley-Liss
2001, Appendix 37B.2, 586.
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Part 10
Inherited susceptibility, somatic gene defects, and
androgen receptors

Inherited susceptibility
Currently, the evidence for a strong genetic basis in prostatic carci-
noma is compelling: about 9% of all cases of PCa are thought to have
a genetic basis, this is about twice the percentage of familial tumors
seen in breast cancer. Strengthening the genetic evidence is a high
frequency for PCa in monozygotic as compared to dizygotic twins in
a large study of twins from Sweden, Denmark, and Finland358 and
the higher risk of developing PCa for men having other family mem-
bers affected.359

The identification of highly penetrant PCa genes, i.e., genes
that markedly increase the risk of cancer, has been particularly
difficult for two main reasons. First, due to the advanced age of
onset (median 60 years), availability of more than two generations
to perform molecular studies on is difficult. Second, given the
high frequency of PCa, it is likely that cases considered to be
hereditary during segregation studies actually represent pheno-
copies, i.e., sporadic cases in families with high rates of PCa. In
addition, hereditary prostate cancer (HPC) does not occur in any
of the known cancer syndromes and does not have any clinical
(other than a somewhat early age of onset at times) or pathologic
characteristics to allow researchers to distinguish it from sporadic
PCa.360

Hereditary PCa is characterized by Mendelian autosomal domi-
nant or X-linked mode of inheritance, and an early onset of the dis-
ease. Based on the family clustering of PCa, a number of groups have
worked to identify the genes involved. Generally, they have used
linkage analysis of large families affected by PCa. Work over the past
decade using genome wide scans in PCa families has identified high-
risk loci.2

Susceptibility loci
There are at least seven susceptibility loci for PCa identified on dif-
ferent chromosomes.5 Chromosome 1 is of particular interest, with
three proposed loci. The chromosomal region 1q24–25, designated
the locus of the hereditary prostate cancer (HPC1) gene, has been the
most thoroughly investigated. Some analyses have confirmed a link
between HPC1 and PCa, but others have failed to detect an associa-
tion. The other two proposed susceptibility loci are 1q42.2–q43
(i.e., predisposing for PCa or PCaP) and 1p36 (i.e., cancer, prostate,
and brain or CAPB). Additional loci have been identified on chro-
mosome 16 (16q23.2), chromosome 17 (17p11, or HPC2, i.e., hered-
itary prostate cancer 2, also called ELAC2), chromosome 20 (20q13 or
HPC20), and chromosome X (Xq27–28 or HPCX). The candidate
HPC genes in these regions have rarely been identified, although
potential predisposing genes for HCP1 and HCP2 regions have now
been cloned.2

Candidate HPC genes
Mutations in a growing number of candidate HPC loci and genes
have been detected, suggesting that defects in critical pathways involv-
ing DNA damage response, apoptosis, and innate immunity may
have a particular important role in the initiation of PCa. The types
of alterations associated with such genes are basically represented by
base substitutions, deletions, and insertions.2 The following highly
penetrant genes probably account for 10% or less of hereditary PCa
cases:3 RNASEL (a candidate tumor suppressor gene within the HPC1
locus located on 1q24–25),361,362 MSR1 (located on 8p22, encodes
subunits of class A macrophage-scavenger receptor 1),363 CYP17
(located on 10q24.3, encodes cytochrome P-450c17�, an enzyme that
catalyzes key reactions in sex-steroid biosynthesis),364 HPC2/ELAC2
(located on 17p11 and is considered a tumor suppressor gene),365

BRCA2 (located on chromosome 13q),365 and CHEK2 (encodes an
upstream regulator of p53 in the DNA damage signaling pathway).366

A number of germline variants and mutations of these genes have
been associated with increased risk of PCa.

An increased risk of PCa has been associated with sexually trans-
mitted infections, regardless of the pathogen, suggesting that
inflammation, rather than infection, initiates prostatic carcinogene-
sis. Inflammatory cells elaborate numerous microbiologic oxidants
than might cause cellular or genomic damage in the prostate.3 Two of
the candidate PCa susceptibility genes identified thus far, RNASEL
and MSR1, encode proteins with critical functions in host response
to infections. Mutations in these genes might reduce the ability to
eradicate infectious agents, thus resulting in chronic inflammation.
RNASEL is believed to regulate cellular proliferation and apoptosis
through the interferon-inducible 2′,5′-oligoadenylate-dependent
RNA decay pathway. At least two mutations inactivating RNASEL
have been identified that are potentially responsible for PCa cases in
families showing linkage to HPC1.361,362 Germline MSR1 mutations
have been linked to PCa in some families with early-onset hereditary
PCa.363,367

BRCA2, located on chromosome 13q, is a gene that has been
implicated as a prostate cancer susceptibility locus primarily due to
its analysis in breast cancer families. Studies of families with breast
cancer suggest that male carriers of BRCA2 mutations are at
increased risk for PCa, particularly at an early age. Inactivating
mutations in BRCA2 have been reported in approximately 2% of
men with early onset PCa, conforming the relevance of this gene to
PCa susceptibility.365,367

Genetic polymorphisms
Perhaps even more important in terms of inherited susceptibility for
PCa are common polymorphisms in a number of low penetrance alle-
les of other genes – the so-called genetic modifier alleles. The major
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pathways currently under examination include those involved in
androgen action, DNA repair, carcinogen metabolism, and inflam-
mation pathways.2,368 It is widely assumed that the specific combina-
tions of these variants, in the proper environmental setting, can
profoundly affect the risk of developing PCa.

The androgen receptor (AR) gene, a member of the steroid and
thyroid hormone receptor gene superfamily, is a transcription factor
that mediates the action of androgen in prostate cells. It is located on
Xq11–12. The amino-terminal domain encoded by exon 1 contains
a variable number of trinucleotide repeats.368 Decreased transactiva-
tion activity and binding affinity for androgen is associated with an
increased number of trinucleotide repeats. Shorter CAG repeat lengths
have been associated with a greater risk of developing PCa.369–372

Additional examples of genetic polymorphisms are related to
SRD5A2 – a gene located on 2p23 that encodes a polypeptide that
catalyzes the conversion of testosterone to dihydrotestosterone – and
to vitamin D receptor (VDR). Polymorphisms in the former have
been reported to confer an increased risk of PCa, particularly in
African Americans and Hispanics.373 The contribution of the VDR
gene polymorphisms to PCa susceptibility remains controversial.374

Somatic gene alterations
Many somatic mutations, gene deletions, gene amplifications, chro-
mosomal rearrangements, and changes in DNA methylation are
detectable in PCa cells at the time of diagnosis. These alterations
probably accumulate over a period of several decades and the number
of changes increases with the stage of the disease. Telomerase activity
is frequently upregulated in PCa. This may contribute to genetic
instability and promote neoplastic transformation.375–377 Although
multiple alterations that appear to contribute to disease progression
have been suggested, no single key change has been detected.378,379

Gene alterations
Table 4.27 summarizes the most common somatic gene alterations
in PCa. The role of PTEN, CDKN1B, and AMACR has been investi-
gated in several recent publications.

PTEN (phosphatase and tensin homolog) is a tumor-suppressor
gene encoding a phosphatase active against both protein and lipid
substrates. PTEN induces G1 cell cycle arrest via negative regulation
of the phosphatidylinositol 3′-kinase/protein kinase B (PI3/Akt)
signaling pathway that is essential for cell-cycle progression and cell
survival. By inhibiting PI3K/Akt, PTEN can increase the levels of
CDKN1B messenger RNA and p27 protein (see below). PTEN is fre-
quently mutated or deleted in PCa cell lines and tumors. PTEN
alterations are more common in metastatic deposits than in primary
carcinomas. By immunohistochemistry, PTEN is present in normal
epithelial cells and PIN. The level of PTEN is frequently reduced in
PCa of high grade or stage. Somatic allelic losses (i.e., haploinsuffi-
ciency) in both PTEN and NKX3.1 appear to be common in prostate
carcinoma and may promote an abnormal proliferation of prostate
cells.380–382

CDKN1B encodes p27kip1, a cyclin-dependent kinase inhibitor. The
p27kip1 protein regulates cell-cycle progression from G1 to S phase by
its inhibitory interaction with the cyclin E/cdk2 complex. In PCa,
p27kip1 expression progressively decreases with increasing tumor
grade and stage. Low levels of p27kip1 may be as much a result of
CDKN1B alterations as of the PTEN loss whose function is mediated
by the PI3K-Akt signaling pathway.383–385 A paper by Dreher et al
dealt with a combined analysis of PTEN and p27kip1 expression in
PCa and greatly contributed to the knowledge that activated Akt
blocks p27kip1 entry into the nucleus by phosphorylating a residue
within the nuclear localization signal of p27kip1.386

AMACR (alpha-methylacyl-CoA racemase) encodes an enzyme
that plays an important role in the �-oxidation of branched-chain
fatty acids and serves as a ‘caretaker’ gene. It has been found consis-
tently upregulated in PCa and high-grade prostatic intraepithelial
neoplasia (HGPIN), a direct precursor of PCa.360,387–390

DNA methylation
Epigenetic events that can affect gene expression without altering
the actual sequence of DNA include phenomena such as DNA
methylation, chromatin remodeling, histone modification, and
RNA interference.2 Many gene promoters are associated with GC rich
regions of the DNA known as CpG islands. Abnormal methylation

Table 4.27 Somatic gene alterations in PCa

Gene Location Alteration

AMACR
(alpha-methylacyl-CoA racemase) 5p13.2 Increased expression
EZH2
(enhancer of zeste homolog 2) 7q35 Increased expression
NKX3.1
(NK3 transcription factor homolog A) 8p21 Decreased expression
KLF-6
(Kruppel-like factor 6) 10p15 Decreased expression
PTEN
(phosphatase and tensin homolog) 10q23.3 Decreased expression
KAI1 11p11.2 Decreased expression
CDKN1B
(cyclin-dependent kinase inhibitor) 12p12 Decreased expression
RB
(Retinoblastoma susceptibility gene) 13q Decreased expression
Hepsin 19q11–13.2 Increased expression
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of CpG islands located within gene promoters is associated with
decreased transcriptional activity and it occurs in many types of can-
cers. Abnormal methylation of genes such as those involved with
control of cellular growth or detoxification is believed to have a crit-
ical role in early stages of PCa progression.3 A certain number of
genes, such as GSTP1 and E-cadherin, are commonly methylated in
human PCa.

GSTP1 (pi-class of glutathione S-transferase), located on 11q13,
probably serves as a caretaker gene. It defends prostate cells against
genomic damage mediated by carcinogens or various oxidants.
GSTP1 demonstrates hypermethylation in more than 90% of
prostate carcinomas, thus preventing expression of this protective
gene.360,391–393

E-Cadherin, located on 16q22.1, encodes a Ca2+-dependent cell
adhesion molecule that is important in normal cell growth and
development and is considered a suppressor of neoplastic invasion.
E-Cadherin is methylated in approximately 50% of cases.4 Decreased
expression of E-cadherin has been detected in several primary and
metastatic prostate carcinomas.394,395

Androgen receptors
Many somatic alterations of androgen receptors (ARs) have been
detected in those PCas that progress despite hormonal treatment.368

At the same time, prostate tumor cells appear to have several possible
mechanisms by which they could become androgen refractory (a com-
prehensive review of these mechanisms is given in reference 396).397

Mutations in the AR hormone-binding domain or amplification
of the AR gene could increase tumor cell sensitivity to androgens. In
fact, the increased levels of AR DNA are associated with an increase
in AR messenger RNA. Increased levels of AR protein associated
with AR gene amplification have been implicated in the ability of cells
to more effectively use the low levels of androgens that are produced
by the adrenal glands and that are still available during androgen
deprivation therapy.398

Mutations of the AR could allow it to respond to other steroids or
even to anti-androgens. In particular, mutations in the ligand-binding

domain of AR could not only increase sensitivity to normal ligands,
such as adrenal androgens, which are present at low levels, but also
may cause the AR to be responsive to other molecules, such as
antiandrogens, which are not normal ligands.399

Alterations of the interactions between the AR and some of its co-
activators could allow unmutated and mutated AR to become acti-
vated by adrenal androgens, other steroids, or anti-androgens. There
are several possible ways by which co-activators may be involved in
the progression of androgen-sensitive PCa to androgen-refractory
PCa. First, overexpression of certain co-activators may cause activa-
tion of ARs by non-androgenic steroids. Second, overexpression of
other co-activators may cause activation of ARs by anti-androgens.
Third, AR mutations may result in conformational changes of the
AR that, in combination with certain co-activators, can result in
activation of the AR. These three mechanisms, alone or in combina-
tion, may provide a means for PCa cells to overcome their initial
dependence on androgens.368

Alterations in the expression or function of genes in regulatory
pathways involving peptide growth factors or cytokines could cause
inappropriate activation of the AR. For instance, growth factors
serve as ligands for receptor tyrosine kinases and activate down-
stream intracellular kinase cascades. Receptor tyrosine kinases may
also be involved in the progression to androgen-refractory PCa
through an interaction with the AR. The receptor tyrosine kinase
Her2/Neu (also known as erbB2) is expressed at low levels in normal
epithelial cells. Several studies have demonstrated Her2/Neu protein
overexpression and/or gene amplification in a subset of PCa patients.
Overexpression of Her2/Neu not only stimulates proliferation of
LNCaP cells but also enhances AR-transactivating activity, both in
the absence and presence of androgens, in which case activation is
synergistic. Moreover, Her2/Neu induces PSA expression, and this
induction can be partially inhibited by blocking the MAP kinase
pathway. Thus, MAP kinase may mediate the activation of the AR by
Her2/Neu.400

The AR could be bypassed entirely, possibly as a result of consti-
tutive activation of regulatory molecules downstream of the AR. For
instance, PTEN inactivation, p53 mutations, bcl-2 pathway alter-
ations, neurondocrine factors, and alternative growth factor regula-
tion and utilization could bypass the need for activation of the AR.401
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Part 11
Rare forms of tumors

Basal cell carcinoma of 
the prostate and basal 
cell hyperplasia
Basal cell proliferations in the prostate gland exhibit a morphologic
continuum ranging from basal cell hyperplasia in the setting of
nodular hyperplasia to malignant basal cell lesions that resemble, to
a certain degree, basal cell carcinoma of the skin and adenoid cystic
carcinoma of the salivary gland.402,403 A large number of terms have
been used for these neoplasms and related growths.

Morphology
A spectrum of basal cell proliferations ranging from hyperplasia to
carcinoma exists in the prostate404 (Table 4.28). These are usually
located in the transition zone.

Ordinary (usual, typical, or classical) basal cell hyperplasia (BCH)
(Figure 4.24(A)) consists of numerous small to normal-sized, round
basophilic acini with several layers of basal cells (glandular architec-
tural type) or solid nests either arranged in a lobular configuration
or rarely ‘infiltrating’ the stroma (see below). The morphology
corresponds to our pattern 1. None of the cases of ordinary BCH, by
definition, contains either prominent nucleoli (their mean diameter

is less than 1 �m)402 or polymorphism; however, rare cases may
show the presence of hyperchromatic nuclei, enlarged nuclei, and
rare mitotic figures. BCH resembles prostate acini seen in the fetus,
accounting for the synonyms ‘fetalization’ and ‘embryonal hyper-
plasia’. BCH may be composed of basal cell nests with areas of lumi-
nal differentiation resembling similar lesions of the salivary gland.
This is denoted as the adenoid basal form of BCH.

Basal cell adenoma is identical to ordinary BCH, although the
proliferating basal cell masses are usually large and circumscribed,
with nodular or adenoma-like pattern. In contrast to basal cell car-
cinoma, basal cell adenoma is well circumscribed, lacks necrosis,
and the stroma between the basal cell nests is similar to that of the sur-
rounding normal prostatic stroma. Occasionally, BCH is multifocal
(adenomatosis). The terms basal cell adenoma and adenomatosis are
very rarely used.

Four morphologic findings of BCH have been reviewed:405

intracytoplasmic globules (these stain for alpha-fetoprotein and

Table 4.28 Basal cell proliferations of the prostate

■ Ordinary (usual) basal cell hyperplasia (including basal cell
adenoma and adenomatosis)

■ Florid basal cell hyperplasia
■ Basal cell hyperplasia with prominent nucleoli (or atypical basal

cell hyperplasia)
■ Basal cell carcinoma (adenoid cystic carcinoma)

Figure 4.24
Basal cell carcinoma of the prostate and basal cell hyperplasia. (A) Ordinary (usual, typical, or classical) basal cell hyperplasia. 
(B) Florid basal cell hyperplasia. (C) Basal cell carcinoma. (D) Extension out of the prostate. (E) Perineural invasion. (F) The proliferating
cells are p63 positive.
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alpha-1 antitrypsin), calcifications, squamous features, and cribri-
form. Recognition of intracytoplasmic globules can help to identify a
lesion as that of BCH. This feature, reported also by Yang et al,406 has
not been seen in other prostatic lesions. Intraluminal calcifications
can also aid in the recognition of BCH, given their rarity in other
prostatic conditions. Knowledge that squamous and cribriform
findings of BCH exist and awareness of their light microscopic and
immunohistochemical features can help to distinguish these lesions
from preneoplastic and neoplastic diseases of the prostate.

BCH may have a florid appearance (i.e., florid basal cell hyperplasia)
(Figure 4.24(B)). Our pattern 2 is identical to this and corresponds
to the description given by Van de Voorde et al:407 compact glandu-
lar proliferation with solid nests; the cytology in some areas looks dis-
turbing because the cells have a moderately enlarged nucleus, often
with a prominent nucleolus; a few mitotic figures are present; the
intervening stroma is scant and cellular; the lesions are not well cir-
cumscribed and are intermingled with the surrounding glands, giving
the impression of ‘infiltration’ (this is also called diffuse type). Yang et al
gave an additional criterion for the identification of florid BCH:
extensive proliferation of basal cells involving more than 100 small
crowded acini (per section) forming a nodule.406

BCH may have prominent nucleoli (i.e., basal cell hyperplasia
with prominent nucleoli), but is otherwise identical to ordinary
BCH. The nucleoli are round to oval and lightly eosinophilic, simi-
lar to those seen in acinar adenocarcinoma of the prostate (their
mean diameter is 1.96 �m). There is chronic inflammation in 
most cases, suggesting that nucleolomegaly is a reflection of reac-
tive atypia.402 These cases are also referred to as atypical basal cell
hyperplasia.402,403

BCH with prominent nucleoli may be mistaken for HGPIN
(Table 4.29). Although occasionally the distinction between these
two entities may be difficult, usually they are distinct. The nuclei in
BCH tend to be round whereas, at times, the cells form small solid
basal cell nests. In contrast, the cells in PIN tend to be more pseudo-
stratified and columnar and do not occlude the glandular lumina.
Within areas of BCH, atypical looking basal cells can be seen under
the overlying benign-appearing secretory cells. PIN has full-thickness
cytologic atypia with the nuclei oriented perpendicular to the base-
ment membrane. The use of antibody against either 34betaE12 or p63
can help in difficult cases. In BCH immunohistochemistry shows
multilayered staining of the basal cells, whereas an interrupted
immunoreactive basal cell layer is seen in PIN. Yang et al408 showed
that immunostaining for alpha-methylacyl-coenzyme racemase
(i.e., P504S) is negative in florid BCH and positive in HGPIN and
adenocarcinoma. Immunostaining for glutathione-S-transferase pi
(GST-pi) is positive in florid BCH and negative in adenocarcinoma.
The same group of authors performed ultrastructural analysis to
further document the basal cell features of florid BCH.

BCH, mainly with a glandular architecture or when florid, may be
confused with adenocarcinoma. BCH can be distinguished from

adenocarcinoma by its very basal cell appearance. The glands appear
basophilic at low power due to multilayering of basal cells which
have scant cytoplasm. In contrast, gland-forming adenocarcinoma
of the prostate almost always has more abundant cytoplasm, result-
ing in a more eosinophilic appearance to the glands. If by light
microscopy there is difficulty in distinguishing BCH from prostatic
adenocarcinoma, utilization of immunohistochemistry with basal
cell specific antibodies (34betaE12 or p63) can differentiate between
these two lesions.409

Basal cell carcinoma (basal cell carcinoma/adenoid cystic carci-
noma) (Figure 4.24(C)) is characterized by proliferation of cells
arranged in various architectural patterns. Two morphologic vari-
ants of basal cell carcinomas can be recognized in the prostate.
Islands and cords of epithelial cells with peripheral palisading char-
acterize the first type, morphologically similar to basal cell carci-
noma of the skin. The second type, also called adenoid cystic
carcinoma, is composed of nests of infiltrating tumor cells with an
adenoid cystic pattern, morphologically similar to the adenoid cys-
tic carcinoma of the salivary glands. The case presented here, with
its pattern 3, belongs to the first variant, even though few areas with
the second are observed. Focal squamous differentiation and clear
cell appearance are seen.

The diagnostic criteria for malignancy in basal cell carcinoma
include: (a) extensive infiltration between normal prostate glands,
(b) extension out of the prostate, (c) perineural invasion, or 
(d) necrosis402,403,410 (Table 4.30). The most obvious criterion of malig-
nancy observed in the current case was the extension out of the prostate
(Figure 4.24(D)). Perineural invasion was also seen (Figure 4.24(E)).
Our case showed the presence of focal areas of basal cell carcinoma
mimicking the classical BCH.

The differential diagnosis of basal cell carcinoma includes poorly
differentiated (mostly Gleason’s grade 5) adenocarcinoma (basal
cell carcinoma may occur, rarely, in combination with conven-
tional adenocarcinoma) and urothelial carcinoma (Table 4.31).
Poorly differentiated adenocarcinoma may grow in solid nests and,
similarly to basal cell carcinoma, is not reactive for PSA. Lack of
immunoreactivity for p63 and 34betaE12, however, is helpful in
recognizing conventional adenocarcinoma, though it has been
reported that this tumor may occasionally express p63. Similarly to
basal cell carcinoma, urothelial carcinoma may exhibit a solid
growth pattern with peripheral palisading and central necrosis and
may express high levels of p63. However, urothelial carcinoma

Table 4.29 Basal cell hyperplasia (ordinary, florid,
and with nucleoli): differential diagnoses

■ High-grade PIN
■ Acinar adenocarcinoma
■ Sclerosing adenosis
■ Benign seminal vesicle/ejaculatory duct epithelium
■ Squamous metaplasia
■ Transitional cell metaplasia

Table 4.30 Basal cell carcinoma: diagnostic criteria for
malignancy

■ Extensive infiltration between normal prostate glands
■ Extension out of the prostate
■ Perineural invasion
■ Necrosis

Table 4.31 Basal cell carcinoma: differential diagnoses

■ Poorly differentiated adenocarcinoma (mostly Gleason’s grade 5)
■ Transitional cell (urothelial) carcinoma
■ Neuroendocrine carcinoma
■ Basaloid carcinoma of the rectum
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expresses CK20 and CK7. Basal cell carcinoma is positive for CK7
and negative for CK20.411

Immunohistochemistry
The results of the immunohistochemical investigations published by
different groups have pointed out the following four features.

The first is related to the nature of the cells involved in the basal
cell proliferations. Immunohistochemistry clearly indicates that
they have the same immuno-phenotype of the basal cells present
in normal ducts and acini. The cells are positively and strongly
stained with 34betaE12 and p63 (Figure 4.24(F)). These are the
two consolidated markers for the basal cells in the prostate, as
seen also in our case, and their absence is in favor of prostate 
adenocarcinoma.409

The second concerns cell composition. Our investigation points
out that there might be at least three types of cells: (a) cells with a
palisading aspect in close contact with the stroma, (b) cells in the
center of the nests where lumina are seldom seen, and (c) cells in
between these two types. McEntee et al were the first to document
the heterogeneous cell composition in prostatic BCH and neopla-
sia in their comparative pathology study in human and non-human
primates.412

The cells in contact with the stroma show focal positivity for 
S-100 and alpha-smooth muscle actin. The expression of these two
markers indicates that myo-epithelial differentiation appears in
the basal cell proliferations, as usually takes places in sclerosing
adenosis, whereas it is absent in normal prostate. This type of dif-
ferentiation was mentioned both in benign and malignant basal
cell lesions in at least two previous publications.406,407 The exact loca-
tion of the myo-epithelial cells was documented by Yang et al.408

Grignon et al observed the presence of S-100 positivity in the
absence of reactivity with muscle-specific actin.413 They concluded
that S-100 positivity alone does not necessarily indicate myo-epithelial
cell differentiation.

The cells that are located in the center of the nests and those
lining the small lumina stain positively with AE1/AE3, whereas
the cells in the other two locations are negative. The same cells are
34betaE12 and p63 negative403 and only rarely express a faint posi-
tivity for PSA. The basal cells in the normal ducts and acini do not
stain with AE1/AE3, whereas all the cells present in ducts and acini
with atrophic features are intensely stained. Such findings indicate
that the cells present in the basal cell proliferations show some
degree of differentiation towards the secretory cell phenotype.

Mitoses and Ki-67 positivity are mainly seen in the nuclei that in
the nests occupy an intermediate spatial position between the
peripherally and centrally located cells. This indicates that the cells
in such locations belong to a kind of proliferative compartment,
whereas the cells in contact with the stroma and those in the center
represent the differentiative/differentiated compartment.407

The third interesting feature is that the basal cell proliferations
express two markers usually seen in neoplasias of other sites and
organs. The first is the demonstration of laminin both in the stroma
surrounding the cell nests and in small eosinophilic globules sur-
rounded by the cells. This feature is usually seen in tumors of the
salivary glands. The other is represented by the expression of c-erbB-2
onco-protein, similar to that seen in breast cancer.

The fourth is represented by the presence of a small proportion of
cells with neuroendocrine differentiation, as documented by chro-
mogranin immunostaining.406

Differential diagnosis between
basal cell hyperplasia and 
basal cell carcinoma
In contrast with BCH, basal cell carcinoma appears infiltrative
rather than lobulated, with invasion around nerves, or into soft
tissues, and with necrosis. Proliferation (assessed by Ki-67
immunostaining) is also helpful in distinguishing basal cell carci-
noma from the other basal cell proliferations. The proliferation
index in basal cell carcinoma is greater than in the ordinary BCH,
the values in florid BCH and BCH with prominent nucleoli being
intermediate between ordinary BCH and basal cell carcinoma.406

Proliferation in areas of basal cell carcinoma with the pattern
mimicking BCH is as high as in the classical nested type of basal
cell carcinoma.407

Morphology and immunohistochemistry suggest that florid BCH
has an intermediate position between ordinary BCH and basal cell
carcinoma. The exact position of BCH with nucleoli is not entirely
clear. There is a lack of clinical information in the very few studies
with the follow-up of the patients. However, it shows morphologic
features of both ordinary and florid BCH.

Relationship between basal cell
hyperplasia and basal cell
carcinoma
The clinical presentation and history of the case included in this
investigation gives support to the view expressed by Reed,414 accord-
ing to which BCH is a preneoplastic lesion. In particular, florid BCH
could derive from ordinary BCH and could be the direct precursor
of basal cell carcinoma. This view is also supported by the observa-
tion made by some authors on the occurrence of extensive BCH in
the prostate with basal cell carcinoma.402,403,411,413,415

Natural history of basal cell
carcinoma
The English literature on this entity consists of only a few publica-
tions.416 (For an extensive list of previously published cases see refer-
ences 410 and 411.) Patients are generally elderly, presenting with
urinary obstruction, TURP being the most common tissue source of
diagnosis. The youngest reported case was 28 years old.415 The out-
come for patients diagnosed with basal cell carcinoma of the prostate
is uncertain, since most cases have been reported with a short follow-
up. Overall, basal cell carcinoma of the prostate is viewed as a low-
grade carcinoma.410 A paper by Iczkowski et al417 described the
clinico-pathologic features in 19 cases and, based on their experi-
ence, they concluded that basal cell carcinoma of the prostate (in
their paper this tumor is referred to as adenoid cystic/basal cell car-
cinoma) was a potentially aggressive neoplasm requiring ablative
therapy. Such conclusion was based on the fact that metastasis was
documented in 21% of their cases, while two died of cancer and
three were alive with cancer.
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Urothelial carcinoma of 
the prostate
The frequency of primary urothelial carcinoma ranges from 0.7 to
2.8% of prostatic tumors in adults.418,419 In patients with invasive
bladder carcinoma, there is involvement of the prostate gland in
up to 45% of cases.420–422 Primary urothelial carcinoma is usually
located within the proximal prostatic ducts. Many cases are locally
advanced at diagnosis and replace the prostate gland (Figure 4.25).
Primary urothelial carcinoma presents in a similar fashion to other
prostatic masses including urinary obstruction and hematuria.419

Digital rectal examination is abnormal in the majority, but is infre-
quently the presenting sign.423 There are limited data on PSA levels
in patients with urothelial carcinoma of the prostate.

Most cases are diagnosed by transurethral resection or less often
needle biopsy.423 In all suspected cases the possibility of secondary
involvement from a bladder primary must be excluded; the bladder
tumor can be occult and random biopsies may be necessary to
exclude this possibility.424,425

Tumor spread and staging
In situ carcinoma can spread along ducts and involve acini or, simi-
lar to bladder carcinoma in situ, tumor can spread along ejaculatory
ducts and into seminal vesicles. Initial spread is by invasion of pro-
static stroma. Local spread beyond the confines of the prostate may
occur. Metastases are to regional lymph nodes and bone.426 Bone
metastases are osteolytic. These tumors are staged as urethral
tumors.427 For tumors involving the prostatic ducts, there is a T1 cat-
egory for invasion of subepithelial connective tissue distinct from
invasion of prostatic stroma (T2). The prognostic importance of these
categories has been confirmed in clinical studies.428 The full range of
histologic types and grades of urothelial neoplasia can be seen in pri-
mary and secondary urothelial neoplasms of the prostate.428

Prognosis
For patients with either primary or secondary urothelial carcinoma
of the prostate the single most important prognostic parameter is the

presence of prostatic stromal invasion. With stromal invasion or exten-
sion beyond the confines of the prostate prognosis is poor.419,428–430

Squamous cell neoplasms 
of the prostate
Squamous cell carcinomas may originate either in the periurethral
glands or in the prostatic glandular acini, probably from the lining
basal cells which show a divergent differentiation pathway.431,432

Approximately 50% of adenosquamous carcinomas may arise in
prostate cancer patients subsequent to endocrine therapy or radio-
therapy.433 The incidence of squamous cell carcinoma of the prostate
is less than 0.6% of all prostate cancers.434,435 Even more rare is
adenosquamous carcinoma of the prostate.

Clinical features
Most, if not all pure squamous cell carcinomas become clinically
manifest by local symptoms such as urinary outflow obstruction, occa-
sionally in association with bone pain and hematuria. Adenosqua-
mous carcinomas may be detected by increased serum PSA, but
more typically by obstruction of the urinary outflow, requiring
transurethral resection.433 A proportion of cases show an initial
response to hormone therapy.436,437

Histopathology
By definition pure squamous cell carcinomas do not contain glan-
dular features and they are identical to squamous cell carcinomas of
other organs (Figure 4.25). Primary prostatic squamous cell carci-
nomas must be distinguished on clinical grounds from secondary
involvement of the gland by bladder or urethral squamous carcino-
mas. Histologically, squamous cell carcinoma must be distinguished
from squamous metaplasia as may occur in infarction or after hor-
monal therapy.

Adenosquamous carcinomas are defined by the presence of
both glandular (acinar) and squamous carcinoma components.
The glandular tumor component generally expresses PSA and PAP,
whereas the squamous component displays high-molecular-weight
cytokeratins.433

Prognosis
Both squamous cell carcinomas and adenosquamous carcinomas tend
to metastasize rapidly with a predilection for the skeletal bones.435,438

Adenocarcinoma arising from
the prostatic urethra
Even more rare are cases of in situ and infiltrating mucinous adeno-
carcinoma arising from glandular metaplasia of the prostatic urethra
with invasion into the prostate.439 The histologic growth patterns

Figure 4.25
Urothelial carcinoma of the prostate (dotted area). The insert
shows the histologic features of this tumor.
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found in these tumors were identical to mucinous adenocarcinoma
of the bladder consisting of lakes of mucin lined by tall columnar
epithelium with goblet cells showing varying degrees of nuclear
atypia and, in some of these cases, mucin-containing signet cells.
These tumors have been negative immunohistochemically for PSA
and PAP.

Neuroendocrine tumors of the
prostate
Neuroendocrine differentiation in prostatic carcinoma has three
forms:

1. focal neuroendocrine differentiation in conventional prostatic
adenocarcinoma;

2. carcinoid tumor (WHO well-differentiated neuroendocrine
tumor); and

3. small cell neuroendocrine carcinoma (new WHO classification
poorly differentiated neuroendocrine carcinoma).

True carcinoid tumors of the prostate are exceedingly
rare.177,440,441 These tumors show classic cytologic features of carci-
noid tumor seen elsewhere. The prognosis is uncertain due to the
small number reported.

The term ‘carcinoid-like tumors’ has been used to refer to a vari-
ety of miscellaneous entities, most of which refer to ordinary acinar
carcinoma of the prostate with an organoid appearance and focal
neuroendocrine immunoreactivity.
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Part 12
Non-epithelial tumor-like conditions and tumors
of the prostate stroma
A wide variety of soft tissue lesions occur in the prostate, including
reactive stromal proliferations, benign neoplasms, and sarcomas
(Table 4.32). Although many of these tumors are distinguished eas-
ily, considerable diagnostic difficulty may be encountered with some
of the rare and newly identified lesions. Patient age and clinical
history are essential in this setting. The serum PSA concentration is
usually not significantly elevated.

Atypical spindle cell lesions 
of the prostate
Many of the prostatic non-epithelial tumor-like conditions and
tumors show a spindle cell appearance.442 The most common lesion
is represented by benign stromal prostatic hyperplasia, which is easy
to recognize because of the usual association with areas of glandular
proliferation.

Several cases of benign lesions with a spindle cell pattern have
been reported, primarily in the urinary bladder, but also in the
prostate.443 In certain instances, these lesions mimicked and were inter-
preted as sarcomas, and the patients were treated aggressively.444

Sarcomas in the prostate are rarely reported and represent merely
0.1% of prostatic malignant neoplasms.445 The most common sarco-
mas are rhabdomyosarcoma and leiomyosarcoma. The former is
more common in children and bears a very poor prognosis, whereas
the latter follows a slower course, but generally recurs after initial
therapy.446

Because of the greater differences in clinical behavior and man-
agement associated with these two groups of lesions, distinctive mor-
phologic features were sought. However, determining such features
is further complicated by the extreme rarity of both benign spindle
cell lesions and sarcomas.

Pseudomalignant (or
pseudosarcomatous) spindle 
cell proliferations
Reactive, non-neoplastic fibrous lesions of soft tissue that, because
of their clinical presentation, gross appearance, growth pattern, and
light microscopic features, may be mistaken for a malignancy, usu-
ally a sarcoma, are often referred to as pseudosarcomas. These lesions
can be divided into two groups distinguished by differences in etiol-
ogy and morphologic appearance, e.g., postoperative spindle cell
nodule and inflammatory pseudotumor.442

A clear morphologic distinction between postoperative and spon-
taneous spindle cell lesions cannot be easily made in all instances.
Therefore, the designation of ‘pseudomalignant spindle cell prolif-
erations’ has been suggested as a blanket term for all types of non-
neoplastic spindle cell proliferations, independently of etiology. The
use of the term ‘pseudomalignant’ is considered useful to stress the
benign nature of the lesions and frequent similarities they may have
to various types of spindle cell malignancy.

Postoperative spindle cell nodule, also called postsurgical inflam-
matory myofibroblastic tumor, is a rare benign reparative process
occurring within a few months of surgery and consists of nodules of
spindle cells arranged in fascicles with a variable number of mitotic
figures. The cells have abundant cytoplasm; the nucleus is centrally
located and elongated to ovoid in shape; small prominent nucleoli
are present. The features that can be used to distinguish a postoper-
ative spindle cell nodule from a sarcoma are:

■ lack of significant nuclear pleomorphism and of atypical mitoses
■ plexiform pattern of blood vessels
■ presence of chronic inflammation
■ small size of the nodule
■ lack of recurrence after conservative excision.

Inflammatory pseudotumor, also called postoperative spindle cell
nodule with no prior operation, is a rare benign pathologic entity of
unknown etiology occurring in the prostate, urethra, bladder and

Table 4.32 Classification of prostatic non-epithelial
tumor-like conditions and tumors

Tumor-like proliferations and inflammatory pseudotumors
■ Postoperative spindle cell nodules
■ Inflammatory myofibroblastic tumor
■ Blue nevus
■ Granulomatous prostatitis

Variants of prostatic hyperplasia
■ Stromal hyperplasia with atypia
■ Fibroadenoma-like foci in benign hyperplasia
■ Phyllodes-like hyperplasia

Cystoadenoma

Mixed epithelial–stromal tumor (phyllodes tumor)

Stromal tumors
Benign

■ Leiomyoma, including its variants (atypical leiomyoma,
cellular leiomyoma, and leiomyoblastoma)

■ Others
Malignant

■ Rhabdomyosarcoma
■ Leiomyosarcoma
■ Stromal sarcoma
■ Others
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into slit-like spaces, as in intracanalicular fibroadenoma of the
breast, or the prostatic epithelium may line cystic structures into
which project papillary finger-like areas of stroma lined by a prosta-
tic epithelium. The stroma in cases reported as fibroadenoma or
benign phyllodes tumor is composed of hyperplastic smooth-muscle
and fibrous tissue without atypia of mitoses443 (Figure 4.26(A)).

Malignant cystosarcoma phyllodes of the prostate differ from
benign phyllodes tumor447 and atypical stromal hyperplasia in that
the stroma shows:

■ cytologic atypia
■ increased mitoses
■ infiltrative pattern
■ outstripping of the epithelial component by the neoplastic

stroma.

Only a handful of these cases has been reported with limited
follow-up. Several of the malignant cystosarcoma phyllodes of the
prostate have persisted or progressed following limited surgery.

Additional lesions with spindle cell
appearance
Leiomyoma of the prostate is another unusual prostatic spindle cell
lesion. Histologically the lesion is composed of a well-circumscribed
mass of smooth muscle cell proliferation in prostatic or juxtaprosta-
tic tissue that is devoid of epithelial elements and reaches 1 cm or more
in diameter. No specific histologic criterion exists to differentiate 

other sites without a history of prior surgery. Histologically, this
lesion resembles granulation tissue with variable cellularity. Cells are
more haphazard in their distribution than postoperative spindle cell
nodules. Lesions often show a densely cellular spindle cell pattern
admixed with a very myxoid component. Cells resemble those seen in
nodular fasciitis with a tissue culture appearance. Occasionally there
may be prominent nucleoli with infrequent, moderately pleomor-
phic and hyperchromatic cells. These lesions show myofibroblastic
differentiation with expression of smooth-muscle markers and
occasional keratin expression. Myofibroblastic differentiation is also
seen in ultrastructural studies. The features that can be used to dis-
tinguish inflammatory pseudotumor from a sarcoma are:

■ areas of the lesion resembling granulation tissue
■ mitotic figures infrequent
■ less pleomorphism
■ prominent myxoid change
■ recurrence rare following incomplete excision.

Benign phyllodes tumor vs
cystosarcoma
As an incidental finding within prostate specimens, small
fibroadenoma-like foci can sometimes be observed in the prostate.
Larger lesions have been reported as benign phyllodes tumor or fibroade-
noma. In such lesions, the prostatic epithelium may be compressed

Figure 4.26
(A) Benign phyllodes tumor. (B) Leiomyosarcoma (insert: the tumor is smooth muscle actin positive). (C) Atypical leiomyoma. 
(D) Prostatic blue nevus.
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a leiomyoma from a leiomyosarcoma of the prostate as opposed to
smooth muscle tumors of the uterus.442 However, the following fea-
tures appear to be of utmost importance for the diagnosis of
leiomyosarcoma (Figure 4.26(B)):

■ evidence of invasion
■ high cellularity
■ pleomorphism
■ increased mitotic activity.

The definition of ‘atypical leiomyoma’ of the prostate is used by
some authors to refer to well-circumscribed lesions with a variable
amount of nuclear atypia (Figure 4.26(C)) and scattered mitotic
activity. Although most atypical leiomyomas have shown no evi-
dence of disease with short follow-up, a few have recurred.442 Because
smooth-muscle tumors of the prostate are rare, the criteria for dis-
tinguishing between leiomyosarcoma and leiomyoma in these cases
with borderline features have not been elucidated.

Prostatic blue nevus is a peculiar spindle cell proliferation containing
melanin within fibromuscular prostatic stroma.448 This histologic
appearance is reminiscent of the common blue nevus of the skin
(Figure 4.26(D)). It is believed that this lesion does not transform
into melanoma, in contrast to the cellular blue nevus, which occa-
sionally undergoes malignant transformation. The terms blue nevus
and melanosis of the prostate are occasionally used interchangeably,
although most researchers refer to melanosis when melanin is pre-
sent within both the glandular and stromal melanocytes.

Atypical stromal cells
Pleomorphic, hyperchromatic nuclei may be seen in the prostatic
stroma cells between the epithelial elements in otherwise unremark-
able cases of benign prostatic hyperplasia, in circumscribed benign

fibromuscular nodules in which smooth muscle typically predomi-
nates, and in leiomyomas. It is important to be aware that malignant
neoplasms of the prostate, such as in frank sarcomas and mixed
epithelial-stromal tumors, may contain atypical stromal cells similar
to those that can be seen either in nodular hyperplasia or fibromus-
cular nodules.448 The distinction of the latter two entities from the
former depends on:

■ the absence of a mass
■ the lack of stromal hypercellularity or phyllodes-type architecture
■ the degenerative nuclear appearance with smuggled chromatin
■ the lack of mitoses.

Distinction of degenerative stromal atypia from the atypicality
seen with neoplasms may be very difficult in a limited sampling,
and, as suggested by Gaudin and colleagues, the designation ‘prosta-
tic stromal proliferation of uncertain malignant potential’ can be justi-
fied in such cases to alert the clinician to this uncertainty.442,449

Miscellaneous sarcomas
Rare cases of malignant fibrous histiocytoma,450–454 angiosarcoma,455

osteosarcoma,456,457 chondrosarcoma,458 malignant peripheral nerve
sheath tumors,459 and synovial sarcoma have been reported.460
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Part 13
Miscellaneous, secondary, and lymphoid 
tumors of the prostate

Miscellaneous tumors
This is a very heterogeneous group of tumors which are very rarely
observed in the prostate: cystadenoma,461,462 Wilms’ tumor (nephro-
blastoma),463 malignant rhabdoid tumor,464 clear cell adenocarci-
noma,465,466 melanoma of the prostate,467 paraganglioma,468,469 and
neuroblastoma.470

Secondary tumors
Metastatic tumors arise outside of the prostate and spread to the
gland by vascular channels. Contiguous spread from other pelvic
tumors into the prostate does not constitute a metastasis. Metastases
from lung, skin (melanoma), gastrointestinal tract, kidney, testis,
and endocrine glands have been reported.471,472 Clinical context,
morphologic features, and immunocytochemical localization of PSA

and PSAP clarify the differential diagnosis. Prognosis reflects the late
stage of disease in which prostatic metastases are seen. Lymphoid
tumors of the prostate are discussed separately.

Lymphoid tumors
The prostate is a rare site of extranodal lymphoma with a total of 165
cases arising in or secondarily involving the prostate reported. Of
patients with chronic lymphocytic leukemia, 20% are reported to
have prostate involvement at autopsy.473 Rarely Hodgkin’s lym-
phoma and mucosa-associated lymphoid tissue (MALT) lymphoma
have been reported.474,475 In a recent large series of 62 cases, 22, 30,
and 10 cases were classified as primary, secondary, and indetermi-
nate, respectively. Sixty cases were non-Hodgkin’s (predominately
diffuse large cell followed by small lymphocytic lymphoma). Most
frequent symptoms are those related to lower urinary obstruction.
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Part 14
Appendices

Handling of prostate biopsies
■ The most common fixative used for needle biopsies is formalin,

although alternative fixatives which enhance nuclear details are
also in use. A potential problem with these alternative fixatives is
that lesions such as high-grade prostatic intraepithelial neoplasia
may be overdiagnosed.

■ Prostate biopsies from different regions of the gland should be
identified separately, i.e., the core biopsies from each site are
submitted in separate containers (see below).

■ If two cores are taken from the same region, they can be placed
into the same block. However, blocking more than two biopsy
specimens together increases the loss of tissue at sectioning.476

■ All blocks are sectioned at 3 �m and are stained with haema-
toxylin and eosin (H&E). In particular, all cores are sectioned in
three separate levels represented on separate slides, with each slide
containing at least three serial sections. Submit slides 1 and 3 to
standard staining and keep the intervening unstained sections of
the slide of level 2 for immunohistochemistry. The increase in
cost due to additional slides can be bypassed by storing ribbons
of unstained levels until standard stains are examined. Even, if
this procedure leads to a small increase in costs as far as slides
and technician time are concerned, there is a definite benefit in
that there is no need to recut new sections, no delay in pathology
report, and, furthermore, a less frequent disappearance of the
suspicious focus on subsequent pathology sections. Intervening
slides are critical to establish a conclusive diagnosis in 2.8% of
prostate biopsies, hence sparing a repeat biopsy.477

Site of sampling (specific location
of the biopsy)
The potential importance of knowing the specific location of the
biopsy and, by extension, the location of cancer may be summarized
as follows312,478,479 (Table 4.33):

■ Correlation with digital rectal examination and imaging studies.
■ Prognostic importance. Tumor involvement of base biopsies may

influence bladder neck sparing radical prostatectomy; extensive
cancer in base biopsies correlates with extraprostatic extension;
and dominant side of prostate biopsy correlates with ipsilateral
positivity of surgical margins and extraprostatic extension.

■ Importance in planning therapy. Mapping distribution of the
cancer in needle biopsies may help plan the field of radiation
therapy or may influence nerve sparing or bladder neck sparing
during radical prostatectomy.

■ Importance in subsequent patient sampling. In a patient with atyp-
ical glands without cancer, knowledge of site allows for more
focused repeat biopsies.

■ Importance in subsequent prostate gland sampling. Biopsy samples
with site-specific labeling usually contain only one or two cores,
which is advantageous for block and slide preparation and allows
for complete visualization of cores and detection of small foci of
cancer; and knowledge of location of cancer may help target
additional tissue or block sampling in cases with no apparent
cancer in radical prostatectomy sections.

■ Knowledge of biopsy site helps recognize potential diagnostic pitfalls.
This includes seminal vesicle epithelium or central zone epithe-
lium, seen most frequently in base biopsies and the rare Cow-
per’s glands in apex biopsies.

Handling of TURP specimens
A TURP specimen may contain more than a hundred grams of tis-
sue and it is often necessary to select a limited amount of tissue for
histologic examination. Submission should be random to ensure
that the percentage of the specimen area involved with cancer is rep-
resentative for the entire specimen. Several strategies for selection
have been evaluated. Submission of eight cassettes will identify
almost all stage T1b cancers and approximately 90% of stage T1a
tumors.480,481 In young men, submission of the entire specimen may
be considered to ensure detection of all T1a tumors. Guidelines have
been developed for whether additional sampling is needed following
the initial detection of cancer in a TURP specimen.482

Handling of radical
prostatectomy specimens 
(Table 4.34 and Figure 4.27)
■ Weight and size. The fresh (unfixed) radical prostatectomy (RP)

specimen is weighed and may be measured in three dimensions,
e.g., width, height, and length. The volume of the specimen is

Table 4.33 The potential importance of knowing the
specific location of the biopsy and the location of
cancer

■ Correlation with digital rectal examination and imaging studies
■ Prognostic importance
■ Importance in planning therapy
■ Importance in subsequent patient sampling
■ Importance in subsequent prostate gland sampling
■ Technical superiority in needle biopsy material examination
■ Knowledge of biopsy site helps recognize potential diagnostic

pitfalls
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calculated as the volume of an ellipse:483 (width � height �
length) � 0.523.

■ The entire surface of the RP specimen is inked using two differ-
ent colors for each side in order to recognize the left and right.
Green and red (or blue) are commonly used. The India ink could
be preferred to the two-color procedure because the black col-
ored margins are more easily identified when the sections are
examined under the microscope. By immersing the inked gland
into a mordant, such as Bouin’s solution or acetic acid, the ink is
fixed to the surface.243

■ Unless fresh tissue is harvested for research purposes, it is better
to fix the prostate before sectioning, which results in thinner sec-
tions and a better assessment of the margins of resection. In
order to reduce the fixation time and to enhance a quick and
uniform penetration of the fixative, the prostate specimen is
injected with 10% neutral-buffered formalin solution using a
fine hypodermic needle (0.6 � 25 mm, for instance). After

plunging the needle deep into the prostatic tissue, formalin
solution is slowly injected while the needle is slowly retracted.
Formalin injection is performed in a systematic way, at multiple
0.5-cm spaced sites at all sides of the RP specimen. In total,
approximately 100 ml of formalin solution is injected.353

■ The RP specimen is then immersed in 300–400-ml formalin
solution and allowed to fix for 24 hours.

■ Sectioning procedure:

– The seminal vesicles (SVs) are removed from the RP speci-
men. The seminal vesicles are analyzed by taking a section
through the base of the seminal vesicle where the seminal vesicle
joins the prostate.347

– The apical and basal parts of the prostate are removed by a
transversal cut at 4 mm from the distal and proximal margins,
respectively. Optionally, the distal urethral margin may be
removed from the apical part and examined separately. The api-
cal and proximal parts are then sectioned as follows: slices are cut
parasagittally at 4-mm intervals and perpendicularly to the
inked surface.
– The prostate specimen is step-sectioned at 3- to 4-mm inter-
vals perpendicular to the long axis (apical–basal) of the gland. A
slicing machine should be used. Serial coronal sections, parallel
to an initial en-face section of the apex, are taken until the junc-
tion of the seminal vesicles is approached. The whole-mount
sections are identified in a consecutive manner with capital let-
ters, always starting from the most apical section. In this way, the
whole RP specimen is available for histologic examination.484

When the India ink is used, a cut is made with a scalpel in the
right antero-lateral aspect of each slice to mark the right side.

■ The cut specimen may be post-fixed for 24 hours. The en-face
section is then processed as a single section; alternatively, the en-face
sections are submitted as quadrants following a systematic num-
bering scheme. In particular, the cut specimen is dehydrated in
graded alcohols, cleared in xylene, embedded in paraffin, and
examined histologically as 5 �m-thick, whole-mount, H&E-
stained sections. Special molding and inclusion cassettes should
be used. The slides should be at least 76 mm long and 50 mm
wide. Cover-slips of a similar size have to be used.345,484 The
dilemma of choosing between whole mount sections and quad-
rant sections is one of balancing aesthetics and greater ease in
examining sections against the cost of time and materials and the
logistic problem of storing glass slides and paraffin blocks of uncon-
ventional size. The only significant difference in the histopathology
of these two different processing methods is that whole mounts
are often thicker sections. In addition, immunohistochemistry
will require larger amounts of reagents and can only be per-
formed manually.345

Handling of pT0 radical
prostatectomies (i.e., search 
for residual cancer)
Searching protocol on RPs that initial routine-based examination
does not show residual cancer, i.e., pT0.485 In particular, the follow-
ing steps are undertaken by two pathologists:

1. The diagnostic needle biopsies are reviewed to exclude the
possibility of a false positive biopsy diagnosis and to assess the

Table 4.34 Macroscopic examination

1. Specimen
a. Organ(s)/tissues included
b. Unfixed/fixed (specify fixative)
c. Opened/unopened
d. Orientation (if indicated by surgeon)
e. Structures included in specimen

– prostate
– seminal vesicles
– segments of vasa deferentia
– bladder neck
– urethra
– other(s) (specify)

f. Size (three dimensions)
g. Weight (prostate separately)
h. Obstruction of urethra (partial/complete)
i. Descriptive features (e.g. nodular hyperplasia)
j. Results of intraoperative consultation

2. Tumor (if identified)
a. Location(s)
b. Size(s)
c. Descriptive features
d. Extent of local invasion

3. Regional lymph nodes
a. Location
b. Number (each location, if possible)

4. Blocks submitted for microscopic evaluation
a. Tumor(s) (each grossly recognizable tumor)
b. Blocks from other anatomic locations within the prostate (to

evaluate for multicentricity)
c. Blocks to determine extent of invasion

– prostatic capsule and periprostatic tissue adjacent to each
tumor including inked margins

– seminal vesicles
– periprostatic tissue at bases of seminal vesicles

d. Apex
e. Prostate base margin
f. All lymph nodes
g. Frozen section tissue fragment(s) (unless saved for special

studies)
h. Other tissues (specify)

5. Special studies (specify) (e.g. immunohistochemistry, ploidy
analysis, S-phase fraction)
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approximate location of the biopsy with tumor, such as apex,
mid-zone, and base, both left and right.

2. The slides of the surgical specimens are reviewed for residual
cancer that was initially overlooked or missed.

3. If the prostate is not totally embedded, the remaining prostate
tissue is processed in toto. This type of information is usually
contained in the pathology form. This information is further
confirmed by searching the specimen’s container for residual
pieces.

4. Serial sections of the prostatectomy area corresponding to the
location of the core with cancer are recut. Further sections are
also obtained from all the other paraffin blocks.

5. Serial sections of the area corresponding to the location of the
positive core as well as of all the remaining blocks are recut after
block-flipping.

6. Immunostains for p63 and alpha-methylacyl-CoA racemase
(AMACR) are performed to evaluate suspicious foci.

7. Immunostain for cytokeratin CAM 5.2 p63 and PSA is performed
to identify the so-called ‘minimal residual cancer’, especially in
patients receiving neoadjuvant hormonal therapy.494

8. Review the description of the macroscopic appearance of exter-
nal and cut surfaces of the surgical specimen as well as inspect
the contour of the tissue sections on the slides for hint or clues
that might indicate that part of the tissue is missing either due to
the surgical procedure or for technical reasons.

9. DNA specimen analysis is performed on formalin-fixed tissue to
confirm the identity of the biopsies and prostatectomies, when-
ever necessary.
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Section 5
Tumors of the seminal vesicles

Rodolfo Montironi, Roberta Mazzucchelli, 
Liang Cheng, and Antonio Lopez-Beltran

Tumors that arise in the seminal vesicles (SVs) as a primary site are
rare (Table 5.1). Clinical presentations include pelvic pain and uri-
nary or rectal obstructive symptoms. Some may be asymptomatic,
and detected by digital rectal examination and sonography. Needle
or open biopsy is required to establish the diagnosis. It may be diffi-
cult to ascertain the site of origin when adjacent pelvic organs are
involved.

Epithelial tumors

Cystadenoma
Cystadenoma is a rare benign tumor. Patients range in age from 37
to 66 years. They may be asymptomatic or have symptoms of blad-
der outlet obstruction.1,2 Ultrasound reveals a complex, solid-cystic
pelvic mass.3 Tumors may recur when incompletely removed.

Microscopically, cystadenoma is a well-circumscribed tumor
containing variable-sized glandular spaces with branching contours
and cysts separated by spindle cell stroma. The glands are grouped in
a lobular pattern, contain pale intraluminal secretions, and are lined
by one or two layers of cuboidal to columnar cells. No significant
cytologic atypia, mitotic activity, or necrosis are present.1,2,4

Adenocarcinoma
The seminal vesicle is involved by secondary tumors much more fre-
quently than it contains primary adenocarcinoma. Strict criteria for

the diagnosis of this lesion require the exclusion of a concomitant 
prostatic, bladder, or rectal carcinoma.5 Acceptable reported cases
number 48.5 Although most are in older men, 10 men were under
age 40.6,7

Presenting symptoms usually include obstructive uropathy due
to a non-tender peri-rectal mass6,8 and, less commonly, hematuria or
hematospermia. Serum carcinoembryonic antigen may be elevated.

The tumors are usually large (3–5 cm) and often invade the blad-
der, ureter, or rectum.6,8 Tumors can show a mixture of glandular,
papillary, and trabecular features with varying degrees of differenti-
ation. Tumors with a colloid pattern have been described. Tumor
cytoplasm may show clear cell or hobnail morphology.

It is important to exclude a prostatic adenocarcinoma using PSA
and PAP immunohistochemistry.9 Carcinoembryonic antigen (CEA)
is detectable in normal seminal vesicle and seminal vesicle adeno-
carcinoma. Tumor should be positive for cytokeratin 7 (unlike
many prostatic adenocarcinomas) and for CA125 (unlike carcinoma
arising in a mullerian duct cyst) and negative for cytokeratin 20
(unlike bladder and colonic carcinoma).

The prognosis of primary seminal vesicle adenocarcinoma is
poor.6 Most patients present with metastases. Survival is less than 
3 years in 95% of cases.

Benign and malignant mixed
epithelial–stromal tumors
The criteria for the diagnosis of mixed epithelial–stromal tumors are
reported in Table 5.2.10–13

Table 5.1 Tumors of the seminal vesicles

1. Epithelial tumors
■ Cystadenoma
■ Primary adenocarcinoma

2. Benign and malignant mixed epithelial stromal tumors
■ Fibroadenoma and adenomyoma
■ Malignant epithelial–stromal tumors (categorized as low-

grade or high-grade)
3. Mesenchymal tumors (see Tables 3)

■ Benign
■ Malignant

Table 5.2 Criteria for the diagnosis of mixed
epithelial stromal tumors originating in the seminal
vesicles

1. They arise from the seminal vesicle
2. There is no normal seminal vesicle within the tumor
3. They usually do not invade the prostate (one exception was

reported)11

4. They have a less conspicuous, less cellular stromal component
than cystadenoma

5. They are not immunoreactive for prostatic markers 
or CEA
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Fibroadenoma and adenomyoma
These tumors have occurred in men aged 39–66 who presented with
pain and voiding difficulty. The lesions were grossly solid and cystic,
ranging from 3 to 15 cm. The distinction from epithelial–stromal
tumor of low-grade (below) is based on stromal blandness and
inconspicuous mitotic activity.

Malignant epithelial–stromal
tumors
Four cases have been reported.10–13 The tumors occurred in men
aged 49–61 who had urinary obstruction. One man was cured by
cystoprostatectomy;11 two had pelvic recurrence after 2 years, one
cured by a second excision13 and one surgically incurable;12 and one
developed lung metastasis 4 years after the operation.10

Macroscopically, the tumors are either multicystic or solid 
and cystic. Microscopically, the stroma is at least focally densely cel-
lular and tends to condense around distorted glands lined by
cuboidal to focally stratified epithelium. The tumors are categorized
as low-grade or high-grade, depending on mitotic activity and
necrosis.

Mesenchymal tumors
Table 5.3 reports the list of mesenchymal tumors observed in 
the SVs.

Angiosarcoma
Three cases were reported14–16 and all presented with pelvic pain. Two
died of distant metastasis within 2 months after the diagnosis.14,15

Table 5.3 Mesenchymal tumors of the seminal
vesicles

■ Angiosarcoma
■ Hemangiopericytoma
■ Leiomyosarcoma
■ Leiomyoma
■ Liposarcoma
■ Malignant fibrous histiocytoma
■ Solitary fibrous tumor

Figure 5.1
(A) Leiomyosarcoma involving the wall of the seminal vesicle. (B) Leiomyosarcoma with epithelioid features. (C) Residual seminal
vesicle epithelium highlighted by immunohistochemistry (antibody against cytokeratin AE1–AE3). (D) Desmin expression in the
leiomyosarcoma.
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Hemangiopericytoma
A case of malignant hemangiopericytoma of the seminal vesicle has
been reported by Arya and colleagues.17 The patient was treated by
cystoprostatectomy and vesiculectomy and died of disseminated
hemangiopericytoma 10 years later.

Leiomyoma
It is usually asymptomatic. Among the seven reported cases, six were
detected on digital rectal examination and one by magnetic reso-
nance imaging.18,19 The tumor measures up to 5 cm.19 Local excision
has yielded no recurrences.

Leiomyosarcoma
By digital rectal examination and pelvic computed tomography as
well as magnetic resonance imaging, a large pelvic mass in the region
of the SVs of the prostate is seen. Six patients with reported seminal
vesicle leiomyosarcoma presented with pelvic pain and obstructive
symptoms.20–22 Resection of the tumor mass by radical prostatectomy
and vesiculectomy is the therapy of choice. One patient was cured 
by radical cystoprostatectomy at 13-month follow-up,20 although
another developed renal metastasis after 2 years.21 Morphologically
it is identical to leiomyosarcoma of other locations (Figure 5.1).

Liposarcoma
There is one case described as a ‘collision’ tumor composed of
liposarcoma of the SVs and prostatic carcinoma.23 The patient died
of distant metastasis from prostatic carcinoma.

Malignant fibrous histiocytoma
This tumor is exceedingly rare in the seminal vesicle.24 Sonographic
investigations are important to establish the site of origin. The ther-
apy should be the complete surgical resection, in most cases by rad-
ical prostatectomy and vesiculectomy.

Solitary fibrous tumor
Three cases have been reported,25,26 and all were located in the right
seminal vesicle. The origin of the tumor was established by transrec-
tal ultrasonography, magnetic resonance imaging, or computed
tomography. The clinical presentations were pelvic pain or hema-
turia. Complete local excision appears to be curative.
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Introduction

The clinical term ‘testicular tumor’ is a synonym for all intrascrotal
masses regardless of their actual anatomic location. In fact, some 90%
of tumors in the scrotum arise in the testis,1 and at least 90% of them
belong to the group of germ cell tumors (GCTs). Intrascrotal tumors
are classified according to the WHO (2004) classification,2 based on
their histologic features and anatomic location. The classification
includes 8 major groups (Table 6.1): germ cell tumors, sex cord/gonadal

Table 6.1 WHO 2004 classification2 of testicular
tumors

Germ cell tumors ICD-O
Intratubular germ cell neoplasia, unclassified 9064/2
Other types
Tumors of one histologic type (pure forms)
Seminoma 9061/3

Seminoma with syncytiotrophoblastic cells
Spermatocytic seminoma 9063/3

Spermatocytic seminoma with sarcoma
Embryonal carcinoma 9070/3
Yolk sac tumor 9071/3
Trophoblastic tumors

Choriocarcinoma 9100/3
Trophoblastic neoplasms other than choriocarcinoma

Monophasic choriocarcinoma
Placental site trophoblastic tumor 9104/3

Teratoma 9080/3
Dermoid cyst 9084/0
Monodermal teratoma
Teratoma with somatic type malignancies 9084/3

Tumors of more than one histologic type (mixed forms)
Mixed embryonal carcinoma and teratoma 9081/3
Mixed teratoma and seminoma 9085/3
Choriocarcinoma and teratoma/embryonal carcinoma 9101/3
Others

Sex cord/gonadal stromal tumors
Pure forms
Leydig cell tumor 8650/1
Malignant Leydig cell tumor 8650/3
Sertoli cell tumor 8640/1

Sertoli cell tumor lipid rich variant 8641/1
Sclerosing Sertoli cell tumor
Large cell calcifying Sertoli cell tumor 8642/1

Malignant Sertoli cell tumor 8640/3
Granulosa cell tumor 8620/1

Adult type granulosa cell tumor 8620/1
Juvenile type granulosa cell tumor 8621/1

Tumors of the thecoma/fibroma group
Thecoma 8600/0
Fibroma 8810/0

Sex cord/gonadal stromal tumor incompletely 
differentiated 8591/1
Sex cord/gonadal stromal tumor, mixed forms 8592/1
Malignant sex cord/gonadal stromal tumor 8590/3
Tumors containing both germ cell and sex cord/gonadal 
stromal element 

Gonadoblastoma 9073/1
Germ cell–sex cord/gonadal stromal tumor, unclassified

(Continued) (Continued)

Table 6.1 (Continued)

Miscellaneous tumors of the testis
Carcinoid tumor 8240/3
Tumors of ovarian epithelial types

Serous tumor of borderline malignancy 8442/1
Serous carcinoma 8441/3
Well-differentiated endometrioid carcinoma 8380/3
Mucinous cystadenoma 8470/0
Mucinous cystadenocarcinoma 8470/3
Brenner tumor 8960/3

Nephroblastoma 8680/1
Paraganglioma

Hematopoietic tumors

Tumors of collecting ducts and rete
Adenoma 8140/1
Carcinoma 8140/3

Tumors of paratesticular structures
Adenomatoid tumor 9054/0
Malignant mesothelioma 9050/3
Benign mesothelioma

Well-differentiated papillary mesothelioma 9052/0
Cystic mesothelioma 9055/0

Adenocarcinoma of the epididymis 8140/3
Papillary cystadenoma of the epididymis 8450/0
Melanotic neuroectodermal tumor 9363/0
Desmoplastic small round cell tumor 8806/3

Mesenchymal tumors of the spermatic cord and testicular adnexae 

Secondary tumors of the testis (metastases)

Table 6.2 The original British Testicular Tumor 
Panel classification1

1. Tumors of the testis
Seminoma: Classical

Spermatocytic
Teratoma: Teratoma differentiated (TD)

Malignant teratoma intermediate (MTI) with
differentiated or organoid components, but
also containing undifferentiated elements
Malignant teratoma undifferentiated (MTU)
with no mature tissue or organoid structures
Malignant teratoma trophoblastic (MTT)

Combined tumor: Seminoma and teratoma in the same 
testis (CT)

Sertoli cell/mesenchyme tumors (SMT)
Interstitial cell tumors (ICT)
Yolk-sac tumors
Malignant lymphomas
Miscellaneous tumors
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stromal tumors, miscellaneous tumors of the testis, hematopoietic tumors,
tumors of collecting ducts and rete, tumors of paratesticular structures,
mesenchymal tumors, and secondary tumors (metastases). The so-called
‘British Classification’ (Table 6.2) proposed by the British Testicular
Tumor Panel in the early 1960s1,3 was widely used in Europe until the
end of the 1990s. It is slowly disappearing because the new WHO clas-
sification has consensually been accepted by pathologists specializing
in this field. Furthermore, new cytogenetic and molecular pathologic
data strongly support the theoretic background of this classification.

Although rare, germ cell tumors have always been of great interest
to pathologists, due to their peculiar biology and morphology, and
for the clinician as well, because they are deadly tumors which
nowadays can be cured in more than 90% of cases.

With the exception of malignant lymphomas, which are the second
most frequent tumors of the testis, all other morphologic entities are
only rarely encountered, even by urologists working in large urologic
departments.

Table 6.2 (Continued)

Metastases
Tumors of uncertain diagnosis

2. Tumors of epididymis and cords
Adenomatoid tumor
Tumors of connective tissue and muscle 

subdivided into:
Benign: Fibroma, leiomyoma, lipoma, etc.
Malignant: Embryonic sarcoma,a fibrosarcoma, 

leiomyosarcoma, etc.
Miscellaneous tumors
Metastases
Tumors of uncertain diagnosis

a Old fashioned name for embryonal rhabdomysarcoma.

Tumors of the testis and paratesticular structures 163
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which the transcriptional factors are normally regulated downwards.
A disturbance of the microenvironment due to exogenous hormonal
misbalance and/or genetic factors (intersex) could initiate the
neoplastic transformation. Genomic changes would give the CIS
cells an anti-apoptotic and proliferative advantage.

The best support for the theory of the common origin of the
GCTs is the isochromosome i(12p) – a chromosome with four short
arms present in about 80% of GCTs regardless of their morphology.
NSGCTs usually have more copies of chromosome i(12p) than
seminomas.13 Amplification of 12p leads to deregulated overexpres-
sion of cyclin D2, a cell cycle G1/S checkpoint regulator with onco-
genic potential. As a consequence of the deregulation, CIS becomes
invasive. Although p53 protein is highly expressed in the majority of
GCTs, almost no p53 mutations have been detected. Gain of mdm2
expression might induce a partial loss in functionality of the p53
regulatory pathway in GCTs and promote the invasiveness of
CIS.14,15

Since pediatric GCTs (mostly yolk sac tumors and teratomas) and
spermatocytic seminomas of elderly men do not show CIS in the 
surrounding testicular tissue, the cancerization probably follows a
different path. Due to genomic aberrations pediatric GCTs could
directly develop from the primordial germ cells.11 Spermatocytic
seminoma seems to develop from more differentiated germ cells
such as spermatogonia or spermatocytes. Some authors speculate
that the tumor arises through self-fertilization of the germ cells.12

The direct descendant of CIS is probably the seminoma, because
its cells strongly resemble CIS cells and also manifest the same
immunohistochemical markers. Embryonal carcinomas (ECs)
develop from seminomas, although there is some evidence they
can also derive directly from CIS. ECs can undergo a somatic

Part 1
Germ cell tumors

Principles of classification
It took more than half a century to construct a histologic classification
of germ cell tumors (GCTs) properly reflecting the enormous
morphologic variety of these tumors as well as their probable histo-
genesis. The discovery of a precursor lesion,4 originally called ‘carci-
noma in situ of the testis’ (CIS), supported the theoretic background
of the WHO classification originally proposed by Mostofi and Sobin
in 1977.5 All recent investigations show definitively that all different
types of GCTs derive from a neoplastic precursor cell, which is capable
of differentiation along differing pathways. In accordance with
morphologic reality, the WHO 2004 classification2 distinguishes
between GCTs of one histologic type (pure forms) and those with a
mixture of two or more different histologic patterns (mixed forms)
(Table 6.1). Almost half (40–50%) of all GCTs are pure seminomas;
a third are mixed forms of non-seminomatous tumors (NSGCTs)
including combinations with seminomas; and only 14–16% are pure
NSGCTs.6–9

In pragmatic fashion, the British Classification (BC) reduced the
great variety of the GCTs’ histology to a few categories, easily under-
standable to non-specialized pathologists and clinicians.1,3 Accord-
ing to the BC only seminomas are of germ cell origin, all other
‘non-seminomatous’ tumors, called teratoma, derive from displaced
embryonic blastomers – a theory which has not been proven.
According to the degree of differentiation, teratomas are subdivided
into a differentiated (DT), an undifferentiated (MTU), an intermedi-
ate (MTI), and a trophoblastic type (MTT). Yolk sac tumor is an
entity assumed to arise only in infant’s testis; thus, in adults the pure
form (extremely rare) is classified as MTU and the combination
with differentiated teratoma as MTI. The mixture of seminoma and
any type of teratoma is called combined tumor. Since the BC has
never been updated, some important entities are missing. Further-
more, this simple, manageable classification does not conform with
modern findings on the pathohistogenesis of these tumors.

A diagnosis of the WHO classification can easily be transformed
into that of the BC, whereas vice versa is utterly impossible (Table 6.3).

Histogenesis of GCTs
It has been proposed that CIS cells develop from primordial germ
cells and early gonocytes,10,11 because all these cells express immuno-
histochemical markers not found in adult germ epithelium, but also
found in overt GCTs. Placenta-like alkaline phosphatase (PlAP) was
the first marker described12 in CIS and seminoma. Of even greater
importance for an understanding of the oncogenesis is the discovery
of factors essential for maintaining pluripotency and self-renewal
capability of embryonal stem cells (c-KIT, AP- 2� , OCT-3/4),11

which shows that CIS cells closely resemble embryonic stem cells.
Furthermore, factors such as AP-2�, confined to undifferentiated
somatic tissue, may explain why GCTs are capable of differentiating
into various somatic tissue components.

CIS cells are supposed to differentiate from primordial germ cells
and/or gonocytes which failed to mature into normal germ cells, in

Table 6.3 Comparison of the WHO 2004 and British
Classification of the germ cell tumors of the testis

British WHO

Seminoma Seminoma
Spermatocytic seminoma Spermatocytic seminoma
Teratoma differentiated Teratoma
Malignant teratoma intermediate Teratoma�any 

combination with embryonal
carcinoma and/or yolk sac
tumor
Teratoma with somatic type
malignancies

Malignant teratoma undifferentiated Embryonal carcinoma with
or without yolk sac tumor

Malignant teratoma trophoblastic Any combination of
choriocarcinoma with
NSGCTs

Yolk sac tumor Only pure form of YST
Combined tumor Seminoma�any 

combination of NSGCTs
NSGCT � non-seminomatous tumor.
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Table 6.4 Annual age-adjusteda (world population)
incidence and mortality of testicular tumors in some
selected countries geographical per 100 000 male
population/year16

Country Incidence Mortality

Eastern Europe average 2.6 0.6
Belarus 1.8 0.7
Bulgaria 3.2 0.8
Czech Republic 6.8 0.7
Hungary 5.6 0.9
Moldova 4.0 0.6
Poland 4.1 0.5
Romania 3.2 0.6
Russian Federation 1.9 0.6
Slovakia 3.6 0.5
Ukraine 1.8 0.8

Northern Europe average 6.2 0.3
Denmark 10.3 0.4
Estonia 2.2 0.6
Finland 3.2 0.2
Iceland 5.9 0.0
Ireland 5.3 0.4
Latvia 2.1 0.6
Lithuania 1.4 0.6
Norway 11.0 0.3
Sweden 5.8 0.2
United Kingdom 6.5 0.3

Western Europe average 7.9 0.4
Austria 8.8 0.4
Belgium 5.0 0.2
France 6.7 0.3
Germany 9.2 0.4
Luxembourg 7.6 0.0
The Netherlands 5.8 0.3
Switzerland 10.1 0.4

Southern Europe average 3.0 0.3
Albania 3.8 0.5
Bosnia 4.7 0.5
Croatia 5.5 0.6
Greece 3.0 0.2
Italy 2.9 0.2
Macedonia 4.0 0.8
Malta 3.1 0.7
Portugal 4.6 0.3
Serbia & Montenegro 3.8 0.4
Slovenia 8.6 0.4
Spain 1.9 0.1

Australia/New Zealand 5.7 0.3
USA white 5.6 0.2
USA black 1.04 0.2
Canada 4.6 0.2
Central America 2.9 0.7
South America 2.4 0.5
Africa 0.4–0.9 0.2–0.4
Caribbean 0.8 0.3
Eastern Asia 0.5–1.4 0.1–0.5
Japan 1.6 0.2
China 0.4 0.1

aCrude incidence rates are on average around 0.1–0.5 higher than the age-
adjusted ones.
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transformation to teratoma or an extra embryonic one to yolk sac
tumor and choriocarcinoma. The proposed sequence is based on
histologic observations and seems to be the most reliable and the
most frequent. Deviations from this sequence are purportedly possible
but infrequent (Figure 6.1).

Epidemiology
GCTs account for only 1–2% of malignant tumors in males and
more than 90% of intrascrotal tumors. There is no doubt that race is
one of the most important etiologic factors in the development of
GCTs. White men living in Western industrialized countries show
the highest incidence rates16 (Table 6.4), whereas black men in Africa
show the lowest.16 The incidences in Asiatic men lie somewhere
between both extremes. Maoris from New Zealand (incidence �
7.1/105) are an exception to this racial factor. The average incidence
rate in Europe and USA accounts for 5–6/105 – the highest rates of
�10/105 are observed in Denmark, Norway, and Switzerland.16,17 The
remarkable average difference between more (4.5/105) and less
(0.8/105) developed countries is a strong argument in favor of the
influence of environmental carcinogens. In the last decade, inci-
dence rates increased worldwide by up to 70%, even among African
Americans18 and in countries with low rates.16,17 The incidence of
GCTs is somewhat lower (2/105) in children and accounts for 1% of
all pediatric neoplasms.19 Similarly to adults, GCTs are more fre-
quent in white than in black children. More than one-third of tes-
ticular tumors in children do not originate from germ cells but
from specialized gonadal stroma, or they are typical pediatric
lymphomas.

Very few causes other than race, listed and discussed below, are
statistically correlated with the growth of GCTs. Some tumors are
either genetically triggered or related to other diseases or develop-
ment anomalies of the genital organs. Many exogenous substances

SS

Germ
cell

P-YST & T
Tr it

S+STGC
EC+STGC

CC

IGCNU

EC it

S S+EC EC T Somatic

YST it YST

s
AFP+

EC
AFP+

Figure 6.1
The hypothetical development of the testicular germ cell tumors
according to Ulbright et al.138 The direct descendant of IGCNU is
probably the seminoma (S). Embryonal carcinomas (EC) develop
from seminomas. EC can undergo a somatic transformation to
teratoma (T) or an extra embryonic one to yolk sac (YST) tumor
and choriocarcinoma (CC). Somatic type tumors develop from
teratoma. Deviations from this sequence are purportedly
possible but infrequent. it � intratubular; SS � spermatocytic
seminoma; STGC � syncytiotrophoblastic cells; P � pediatric.
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recessive mode of inheritance or an X-linked susceptibility locus in
the etiology of testicular cancer. Patients with familial testicular can-
cer had 3 times more frequent (9.8% vs 2.8%) bilateral tumors than
sporadic cases.30,31 A testicular GCT susceptibility gene at Xq27,
probably also responsible for familial cases of cryptorchidism, has
been reported. New investigations suggest, however, that multiple
susceptibility loci with weak effects can contribute to the disease.32

Gonadal dysgenesis: the formation of GCTs (mostly gonadoblas-
tomas) in dysgenetic gonads occurs, according to literature data, in
20–30% of cases and is associated with the presence of the Y chro-
mosome in the patient’s karyotype.33,34 It is usually diagnosed at a
young age.33

Male infertility: the RR of infertile men to suffer a GCT is rather
high (relative risk 1.6–10) and probably due to the same factors
which are blamed for causing cryprorchidism (testicular dysgenesis
syndrome). Moreover, the most frequent genetic cause of idiopathic
infertility, the deletion of the AFZc at Yq11 (azoospermia factor c),
is also somehow related to the oncogenesis of GCTs.35

Testicular atrophy has been identified as cancer-related in some
studies;20,22 the risk ranges from 2.7 to 12.7.20

Surgery (trauma), namely, vasectomy, orchipexy, and inguinal
hernioraphy, represent a RR of 1.1–2.9.20 The data on testicular tor-
sion are not conclusive.20,22

Infectious diseases: many infectious diseases (mumps, tuberculosis,
HIV) have been connected with GCTs, although the results of con-
trolled studies are heterogeneous and not really conclusive.20 A pos-
sible role of Epstein–Barr virus (EBV) in the pathogenesis of TGCTs
has been suggested repeatedly, but direct evidence for an association
of testicular cancer with EBV is lacking. A recent study found EBV
only in the lymphocytes scattered in seminomas, but not in the neo-
plastic cells, which makes a direct role of EBV in the development of
these malignancies improbable.36

Occupational exposure to noxious conditions has been explored in
many studies, yet no specific conditions or substance have been
unanimously confirmed.20 The professions at risk reported in the lit-
erature are: firefighters, aircraft technicians, maintenance workers at
paper mills, leather workers, and metal workers. A Finnish study
proposes only four occupations at high risk (RR CI 1.1–14.7): rail-
way traffic supervisors, systems analysts (programmers), university
teachers, and electrical engineers.37 The often reported high inci-
dence of those employed in agriculture20,38 is obviously a response to
exposure to pesticides and organic dusts.39

The estrogen theory: as already mentioned (cryptorchidism) Scan-
dinavian scientists25,26 have hypothesized that estrogen disruptors
lead indirectly to testis cancer. The conditions – first born (RR
1.0–41), mother older than 30 (RR 0–2.3), mother with breast can-
cer (RR 0–2.1), and a birth weight under 2.5 kg (RR 1.0–13.5) – have
been used as surrogate parameters for gestational estrogen excess.20

The findings of the different studies show an extreme variability,
making the use of such surrogates questionable.

Socio-economic status: an association with high socio-economic
status was observed as early as 1921 and confirmed in many subse-
quent studies.20,40 High calorie intake during early childhood, obvi-
ously more common in wealthy than poor people, was a tentative
explanation for the association, which has never been proven. With
the merging of social classes in modern society, the association
between high GCT incidence and white collar workers also becomes
less clear.40

Testicular microlithiasis: (Figures 6.2 and 6.3) is obviously not a
cause of testis cancer, but is clinically important because it is fre-
quently associated with testicular germ cell tumors (TGCTs) (Table
6.6). The detection of the lesion often occurs accidentally with imag-
ing techniques (CAT scan, ultrasonography) in connection with

have been blamed for causing testicular cancer, but clear epidemio-
logic evidence is lacking for most of them.

Some well-established epidemiologic causes are listed below.
However, not all relative risk figures have the same level of evidence
(Table 6.5), which depends mainly on the reliability of the studies.20

The level of evidence is higher in cohort studies than in case 
series or case reports and when the results of different studies are
homogeneous.

Cryptorchidism has been strongly related to risk of GCTs in many
different studies. The relative risk (RR) reported ranges from 2.1 to
17.6.21,22 The RR in men who were treated for cryptorchidism
increased with age at treatment. Successful treatment after one’s
11th birthday or never corresponds to a 32-fold increased risk.21 Men
with a history of undescended testes which descended spontaneously
seem not to be at risk.21 Whether orchipexy reduces the incidence of
tumors is, however, still controversial.21–24 There are many different
ideas about the mechanism which predisposes cryptorchid testes for
GCTs. Most popular at the moment is the testicular dysgenesis syn-
drome hypothesis, which proposes that the four conditions cryp-
torchidism, hypospadias, impaired spermatogenesis, and testis
cancer may all be manifestations of disturbed prenatal testicular
development,25 which is caused by environmental factors. There is
weak epidemiologic evidence that substances acting like estrogen
called estrogen disruptors or xenestrogens (polychlorinated biphenyls,
polybrominated biphenyls, persistent pesticides (DDT) and phthalate
esters) induce an early menarche in girls and delay puberty in
boys.26,27 Findings in animals experimentally exposed to exogenous
estrogens as well as observations in wildlife (feminization of pan-
thers, intersex fishes) support this theory. The action of endocrine
disruptors could be enhanced by a genetic predisposition for GCTs.

Contralateral GCTs: the incidence of metachronous contralateral
GCTs reported in most series accounts for 3% and is higher for
patients with seminoma than for non-seminomatous tumors.20,28

The estimated risk in different studies seems to be even higher (25-
fold) than for cryptorchidism;20 the results of different studies are,
however, not as well documented as those for retained testes.

Familial GCTs: testicular cancer shows a strong familial associa-
tion, which is probably partly genetic, partly environmental.29 The
risk is 3.8-fold when a father and 7.6-fold when a brother had testic-
ular cancer.30 The higher familial risk for testicular cancer among
brothers than father–son pairs may suggest the involvement of a

Table 6.5 Putative causes of TGCTs and the
estimated relative risk

Cryptorchidism 2–17-fold
Contralateral TGCT 25-fold
Familial TGCT 3.8–7.6-fold
Gonadal dysgenesis 30–50-fold
Male infertility 1.6–10-fold
Testicular atrophy 2.7–12.7-fold
Surgery (trauma) 1.1–2.9-fold
Infectious diseases ? probably no risk
Occupational exposure 1.1–14.7-fold
Mother older than 30 0–2.3-fold
Mother breast cancer 0–2.1-fold
Birth weight � 2.5 kg 1–13.5-fold
High socioeconomic status ? probably no risk
Microlithiasis* 6–46% GCT prevalence!

* Not a risk factor but an associated lesion.
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diagnostic procedures performed for other reasons. The reported
prevalence in the general population ranges from 0.6 to 9% and the
incidence of GCTs in patients with microlithiasis was reported as
6–46%.41 The unknown true incidence of microlithiasis-associated
tumors is more likely to be at the lower than the upper end of the
wide scale of the reported values (3–6%).

Age at orchiectomy
The average age (Table 6.7) of patients is significantly correlated
with the morphology of the GCTs (see details for single tumors).
Seminoma patients (30–34 years) are on average older than patients
with NSGCTs (20–29 years). Even patients with mixed GCTs in
which the seminoma dominates are older than those without or with
a small amount of seminoma. GCTs, with the exception of sperma-
tocytic seminomas, are extremely rare in men older than 60. As of
that age malignant lymphomas with primary manifestation in the
testis are the most frequent tumors in this location. In children
before puberty, yolk sac tumors and teratomas are the most com-
mon GCTs.

Figure 6.2 
Ultrasound appearance of testicular microlithiasis.

Figure 6.3
Intratubular calcifications (microlithiasis) in testicular
parenchyma adjacent to a germ cell tumor. 

Table 6.6 Conditions associated with testicular
microlithiasis

■ TGCT
■ IGCNU
■ Cryptorchidism
■ Infertility
■ Down syndrome
■ Inflammation

Table 6.7 The typical age of patients with the 
various TGCTs

Seminoma Average age 35–40
Extremely rare before puberty
Rare after 70

Spermatocytic seminoma � 40 years
Embryonal carcinoma Average age 30

Rare before puberty
Teratoma (pure form) Average age in children � 20 

months
Rare after the age of 4
Adults 20–30

Yolk sac tumor (pure form) Average age 25–30 years
15–40% of TGCTs in children

Choriocarcinoma Average age 25–30 years
Mixed forms 28 years if non-seminomatous

component prevails 33 years if
seminoma prevails
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contain one or more nucleoli. Mitoses are frequent but may be over-
looked. Lymphocytic infiltration of the interstitial tissue surround-
ing the affected, mostly clearly narrowed tubules is frequent.
Atypical germ cells stain (Figure 6.5) immunohistochemically with
PlAP, c-KIT (CD117), and OCT 3/4 antibodies and can thus easily
be distinguished from non-reacting normal spermatogonia, which

Part 2
Intratubular germ cell neoplasia,
unclassified (IGCNU)
Intratubular germ cell neoplasia is the official name of the lesion,
better known as carcinoma in situ of the testis, the name used by
Skakkebaek4 in the first description of this lesion in 1972. Other
names mostly used in German-speaking countries were testicular
intratubular neoplasia (TIN),42 in analogy to other intra-epithelial
neoplasia, or simply atypical germ cells.43,44 The adjective unclassified
is utilized to emphasize that the morphology of the tumor cells does
not permit an assignment to a definite type of GCT. If the intratubu-
lar tumor cells can be definitely recognized, the adjective intratubu-
lar is used in connection with the respective name of the GCT (i.e.
intratubular seminoma, intratubular embryonal carcinoma, etc.).

Epidemiology
The true prevalence (Table 6.8) of this lesion in healthy men is,
roughly estimated, 0.4–0.8% and about 1% in infertile men.45 In
cryptorchid testes of adults the frequency is 2–4%. In retained testes
of prepubertal children, atypical germ cells can hardly be distin-
guished from normal immature spermatogonia.45 High incidences
(up to 20%) are found in the testes of hermaphrodites and, as
already mentioned, in the contralateral testis of patients with GCT
(4–6%).42,46 With the exception of spermatocytic seminoma, atypical
germ cells are constantly found (98%) in the healthy tissue sur-
rounding invasive GCTs of adults.46 IGCNUs can be also found in
testicular biopsies of nearly 50% of patients with retroperitoneal
extragonadal GCTs,47 but only rarely in those of such tumors located
in mediastinum48 – and obviously never in intracranial GCTs.

Morphology
Affected testes appear normal and do not show any gross visible
alteration unless they are atrophic and firm for other reasons (crypt-
orchidism). The atypical germ cells are attached to the usually thick-
ened basement membrane and push the Sertoli cells towards the
lumen of the seminiferous tubules (Figure 6.4). The cytoplasm is
clear because of the large amount of glycogen which stains purple
with PAS. The nuclei are bigger than those of spermatogonia and

Table 6.8 Prevalence of IGCNU

Healthy men 0.4–0.8%
Infertile men 1.0%
Cryptorchid testis of adults 2–4%
Intersex 20%
Patients with TGCT – contralateral testis 4–6%
Retroperitoneal ‘extragonadal’ GCT 50%

Figure 6.4
IGCNU: atypical germ cells with clear cytoplasm and slightly
polymorphous nuclei.

Figure 6.5
Atypical germ cells (brownish) positively stained with PlAP
antibodies.
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are also glycogen (PAS)-negative. The ‘maturation arrest’ on the
level of spermatogonia in biopsies of infertile men can be mistaken
for IGCNU!

The atypical germ cells can grow and fill the lumen of the tubules
and/or break through the lamina propria and invade the interstitial
tissue. They can also spread in a ‘pagetoid’ pattern into the rete
testis. The cells of microinvasive IGCN are still undifferentiated
although mostly very similar to the spermatogonia.

Cytogenetics
IGCNU cells are aneuploid49 and show the chromosomal aberra-
tions found later on in invasive TGCT, with clear differences
between seminoma and NSGCT.50 They gain i(12p) copies only
shortly before they become microinvasive.51

Clinical features
IGCNU is a purely histopathologic diagnosis and does not produce
any symptoms. The lesion can be found accidentally in testicular

biopsies performed for the assessment of infertility or in biopsies of
the contralateral testis in men with unilateral TGCT.52,53 There is no
consensus about the necessity of routinely performing such biopsies.
The majority of European urologists advocate this policy.54,55 Oppo-
nents claim the patients were unnecessarily worried, since only 5.5%
of patients with TGCTs have this lesion in the contralateral testis
and bilateral testicular tumors are even less frequent (3%), which
means that IGCNUs can spontaneously regress.56 Furthermore,
patients with TGCTs are continuously controled and therefore a
second tumor would be detected in an early and curable stage. How-
ever, 50% of men with IGCNU will develop testicular cancer 5 and
90% 7 years after detection of the lesion.52

For the complete destruction of IGCNU the testis must be irradi-
ated with 18–20 Gy.54 Chemotherapy does not have any therapeutic
effect.57

IGCNU is randomly spread in the seminiferous tubules or equally
distributed in certain small segments of the organ. To avoid false nega-
tive results (0.5% of single biopsies) two biopsies per organ increase the
probability of detection and are therefore recommended.54
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tumors caseous appearing necrosis may occur. Hemorrhage is not
frequent and can indicate the presence of a non-seminomatous
tumor component. Small hemorrhagic spots are very characteristic
of seminoma with syncytiotrophoblastic giant cells. A thorough
gross inspection and an abundant sampling of tumor tissue are of
paramount importance, because the exclusion of non-seminoma-
tous tumor components is mandatory for a correct therapy.

Seminoma cells are rather uniform with a rounded shape and a
mostly clear, glycogen-(PAS-positive) and lipid-rich cytoplasm
(Figure 6.7). Ultrastructurally they strongly resemble spermatogonia.
The clear cytoplasm sharply contrasts with the distinct cell mem-
brane which outlines the cell contours. In 87% of cases more than
one mitotic figure per high power field can be seen.62 The cytomor-
phology of seminoma cells strongly depends on the proper fixation
of the surgical specimens. In badly fixed autolytic tissue the cyto-
plasm of the tumor cells becomes dark, eosinophilic, and the nuclei
may swell or shrink. The consequences are diagnostic difficulties and,
in the worst case, the tumor can be mistaken for an embryonal carci-
noma with, as a consequence, utterly different and inadequate therapy.

In ‘classical’ seminomas tumor cells typically grow in cords
and/or nests separated by more or less delicate trabeculae. In some
cases, however, small nests of tumor cells are surrounded by abun-
dant fibrotic tissue. Lymphocytic infiltration of tumor stroma is a
typical feature of about 90% of seminomas60 and can be used as a
diagnostic criterion in poorly preserved, improperly processed sur-
gical specimens.

The amount of lymphatic infiltration varies from some few
lymphocytes to heavy infiltration and formation of lymphoid folli-
cles (Figure 6.8). Furthermore, in about one-third of seminomas,
tuberculoid granulomas also develop (Figure 6.9).60 Lymphocytic
infiltrates probably represent a true immunologic reaction directed
against the tumor. In fact, in old series, observed before the intro-
duction of new therapy protocoling, lymphocyte rich seminomas

Part 3
Seminomas

Seminoma
Epidemiology
Almost half of all intrascrotal tumors are seminomas (Table 6.9).
Their incidence has dramatically increased in white men in the US
(60%) over the last two decades.58 Patients are on average 30–34
years old and are the oldest men of all with TGCT.58 Nevertheless
they have recently become significantly younger because in old
series the average age was 41 years.59,60 Seminoma does not occur
before puberty and is rare (1%) in adolescents61 as well as in men
older than 60. Single cases, however, have also been observed in
octogenarians.59 Of these patients, 8% have a history of maldescent,
etc.

Morphology
The affected testis is usually enlarged, but can be normal or even
atrophic. The tumor is uniform, cream-colored or pink, and always
well-circumscribed (Figure 6.6). The cut surface is lobulated and the
consistency varies from soft to firm, depending on the amount of
tumor stroma. Nowadays in the majority of cases the tumors are
confined to the testis, but extension to the epididymis and spermatic
cord can occur and were very frequent (43%) in old series.60 In large

Table 6.9 Relative frequency of the different testicular
tumors

Overall (%) Prepubertal (%)

Germ cell tumors 85–90
Seminoma 46–53
Spermatocytic seminoma 0.5–2

NSGCT pure forms 15–18
Embryonal carcinoma 2–10
Yolk sac tumor 0.3–2 15
Choriocarcinoma 0.2
Teratoma 3–7 48

Epidermoid cyst 1 14
NSGCT mixed forms 30–33
EC � T 9–10
S � T 2
S � EC � T 2–4
CC � T 0.3
CC � EC � T 2–4
CC � EC � T � S 0.3–0.6
CC � EC 1–2
Sex cord/stromal tumors 3–5 13
Gonadoblastoma 1 2
Malignant lymphoma 6–8 4
Others & paratesticular 6–8 3

Figure 6.6
Typical gross appearance of a classical seminoma.
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did significantly better than those without lymphocytes.60 Whether
such an immunologic reaction can locally destroy the tumor is a
matter of speculation.

The unofficial adjective ‘classical’ is meant to emphasize that the
vast majority of seminomas have the above mentioned appearance.
Some few, however, differ in the cytomorphology or in their growth
pattern63,64 (Table 6.10).

Seminoma with syncytiotrophoblastic cells (Figure 6.10) is the only
variant listed in the WHO classification.2 Using simple staining
techniques (H&E) multinucleated giant cells are detected in about
7% of seminomas, mostly in the surroundings of vessels. With the
use of antibodies against hCG, however, positive cells are present in
about one-quarter of all cases.65 Such cells also appear in other
NSGCTs and must not be confused with true choriocarcinomas.

In pseudoglandular and tubular seminoma (Figure 6.11) tumor
cells form small gland-like clefts. Accumulation of edematous fluid

in interstitial tissue gives the tumor a microcystic or cribriform
(seminoma) appearance (Figure 6.12). The name intratubular or
interstitial seminoma derives from the predominant way the tumor
cells spread.

Figure 6.7
Seminoma cells with a uniform rounded shape and a mostly
clear, glycogen- and lipid-rich cytoplasm.

Figure 6.8
Seminoma with marked lymphocytic infiltration.

Figure 6.9
So-called granulomatous seminoma: scanty tumor cells are
surrounded by proliferating fibrohistiocytic tissue.

Figure 6.10
Seminoma with ßhCG-producing syncytiotrophoblastic giant cells.

Table 6.10 Different histologic variants of seminoma

■ Intratubular seminoma
■ Interstitial seminoma
■ Tubular seminoma
■ Pseudoglandular seminoma
■ Microcystic seminoma
■ Cribriform seminoma
■ Seminoma with high mitotic rate
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The formerly anaplastic or atypical seminomas have been
renamed as seminomas with high mitotic rate, which is indeed more
appropriate because the degree of cellular anaplasia is not higher
than in the classical type (Figure 6.13). High proliferative activity
measured by counting mitoses or cells positive for proliferation
markers (Ki 67) does not, however, negatively influence the course
of the disease.66,67 It is therefore highly questionable whether this
kind of seminoma deserves to be considered a distinct entity.

Immunohistochemically, seminoma cells react with many differ-
ent antibodies.68 For diagnostic purposes, however, only a few are
really important (Table 6.11). The most frequent and dangerous
misdiagnosis is to confound seminoma with embryonal carcinoma,
which usually happens when the surgical specimen is improperly
fixed. Seminoma cells stain with c-Kit (CD 117) and do not react
with CD 30 antibodies, whereas the cells of embryonal carcinoma
behave in the opposite way – they are c-Kit-negative and CD30-posi-
tive. In some few seminomas, single tumor cells are cytokeratin-
and CD 30-positive,69 perhaps a sign of a transition beginning from
seminoma to embryonal carcinoma. Rarely, these tumors are mis-
taken for lymphomas, which spread interstitially among the
entrapped, atrophic seminiferous tubules.

Figure 6.11
Tumor cells form gland-like clefts in tubular seminoma.

Figure 6.12
Accumulation of edema fluid in interstitium gives the seminoma
a microcystic appearance.

Figure 6.13
The so-called ‘anaplastic seminoma’ rich in mitoses and
apoptosis.

Table 6.11 Immunoreactivity (%) of different TGCTs with the routinely used antibodies

PlAP CD117 CAM 5.2 CD30 EMA �-FP ß-hCG Inhibin

IGCNU 70–100 70–100 �10 Ø
Seminoma 70–100 70–100 �10 �10 �10 Ø Ø
Embryonal carcinoma 70–100 Ø 100 100 �10 40–70 Ø
Yolk sac tumor 40–70 70–100 100 �10 �10 70–100 Ø Ø
Choriocarcinoma 40–70 100 Ø 40–70 Ø 100 70–100
Single SYCT giant cells 100 40–70 Ø 100 100
in seminoma or EC
Spermatocytic seminoma Ø Dot like Dot like Ø Ø
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Table 6.12 Unfavorable prognostic factors in
seminoma (predictors of metastases)

■ Diameter � 40 mm strong evidence
■ Invasion of rete testis strong evidence
■ Age � 30 years equivocal
■ Vascular invasion equivocal

Figure 6.14
Seminoma cells with clear cytoplasm infiltrate among the rete
testis epithelia.

as in NSGCT.73,74 Moreover, patients younger than 34 years have a
higher risk of relapse or metastases.73,75 The initially proposed 6 cm
cut-off value for the diameter of seminoma was reduced in later
studies to 4 cm.74,76,77 The 5-year relapse-free rate is 86%, 70%, and
50% for patients with no adverse prognostic factors, one risk factor,
and two risk factors, respectively.74 The prognostic importance of
the presence of lymphocytes in tumor tissue has not been confirmed
by recent studies.75

Clinical features
In patients with seminoma, as in other TGCTs, the main symptom
is a painless hard swelling within the testis. Only 10–20% have limited
pain and 6% have gynecomastia.78 The tumor can be accompanied
by hydrocele. The confirmatory ultrasound investigation signifi-
cantly reduced the delay in diagnosis which is, however, sometimes
caused by a patient’s embarrassment.9,78

Lactate dehydrogenase (LDH) is a not very specific but positive
tumor marker. Human chorionic gonadotropin (hCG) can be
detected in the serum of patients with seminoma with syncytiotro-
phoblastic cells. Alphafetoprotein (AFP) is not secreted by semino-
mas. Elevated AFP in the serum of patients with histologically
proven seminoma means, therefore, that a combined tumor
(seminoma � NSGCT) has been overlooked because of inadequate
sampling, but a laboratory error of AFP measurement can also cause
confusion. In such cases both pathology and laboratory results
should be revised.

Of stage I seminomas, 99% are cured. After orchidectomy the
policy of surveillance with a relapse risk of 5–21% can be adopted.
Traditionally, however, the retroperitoneal and ipsilateral lymph
nodes are treated with radiotherapy (20 Gy in 10 fractions).9

Patients with relapse after radiotherapy (�5%) can be successfully
cured by chemotherapy. Instead of radiotherapy some centers prefer
adjuvant carboplatin chemotherapy with an actuarial 5-year disease-
free survival rate of 96.2%.77

Between 15 and 20% of seminoma patients presenting with
retroperitoneal lymphadenopathy (stage II) need radiotherapy or,
alternatively, carboplatin followed by chemotherapy.79 The actuarial
5-year disease-free survival rate is 96.2%.9 Even in advanced metasta-
tic seminoma a cure rate of 90% can be reached using the standard
combined bleomycin, etopside, and cisplatin (BEP) regimen.9

Spermatocytic seminoma
Spermatocytic seminoma first described by Masson in 194680 is a
peculiar and fascinating germ cell tumor which arises only in the
male gonad. In spite of some morphologic similarities it is not a

Cytogenetics
Seminomas are, without exception, aneuploid tumors.70 As already
mentioned i(12p) is present, however the number of copies is lower
than in NSGCT.71 Gain of chromosomes 7, 8, 12, 21, and X and loss
of 11, 13, 18, and Y are typical.72

Tumor spread
The ‘pagetoid’ infiltration of the rete testis is not only very character-
istic but also an important negative prognostic factor (Figure 6.14).
The direct spread to the epididymis and spermatic cord is seldom
observed nowadays but can obviously occur.

Lymphatic spread involves first the ipsilateral iliac and the para-
aortic lymph nodes up to the renal arteries. Left-sided tumors can
spread to the lymph nodes below the left renal vein where the left
spermatic vein terminates. Later on, thoracic and even supraclavic-
ular (Virchow’s gland), auxillary, and cervical glands can be
affected. Lymph node metastases in the inguinal area are encoun-
tered together with the involvement of the scrotum.

Lung and liver are the common sites of blood-borne metastases
in about one-half of the cases, followed by kidney and adrenals. Even
bone metastases in the femur, humerus, and spine have been
observed.60 Such metastases are, however, extremely rare and appear
after the lymph node involvement. Widespread metastatic disease
or early appearing hematogenous metastases are not typical for semi-
nomas but for NSGCTs. The possibility that due to an insufficient
sampling of tumor tissue a combined tumor has been overlooked
should be considered.

Prognostic factors
The most important negative prognostic factors are the diameter of
the tumor and the invasion of the rete testis (Table 6.12), whereas
vascular invasion seems not to have the same prognostic importance
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variant of the classic seminoma, having a different and practically
unknown oncogenesis and a completely different clinical course.

Epidemiology
Although a distinct entity, the incidence is still measured in relation
to seminoma – in various series spermatocytic seminoma represent
1–4%81–83 of seminomas, that is, about 0.5–1% of all TGCTs.
Patients are consistently older (average 52 years) than those with
other types of TGCTs (Table 6.13), but some few cases have also
been observed in younger men.82,84 Asynchronous bilateral occur-
rence is also more frequent (9%) than in other TGCTs.82 There are no
racial differences and no causal relationships with cryptorchidism.85

Morphology
The appearance to the naked eye is quite different from classic semi-
noma: the cut surface is described as mucoid, edematous, or gelati-
nous (Figure 6.15). Cystic, necrotic, and even hemorrhagic areas may
be present. The tumor tissue is cream-colored or yellowish. The
tumor is well circumscribed and can be multinodular. Also, micro-
scopically the tumor borders are sharp (Figure 6.16). The tumor
grows in an expansive and not infiltrative manner.

Microscopically, the tumor cells somehow mimic the different
stages of spermatogenesis because of three different tumor cell types
(Figure 6.17). The large (Ø � 15–20 �m) cells with rather regular
round nucleus predominate. The small cells (Ø � 6–8 �m) resemble
lymphocytes and the single scattered giant cells (Ø � 50–150 �m)
have nuclei with a coarse chromatin, which can be compared with
the spirem of the meiotic division of the spermatocytes.86 Lympho-
cytes are scanty and in the neighboring tubules atypical germ cells
(IGCNUs) are missed, but intratubular spread of tumor cells is very
common (Figure 6.18). The polymorphous micromorphology with
many mitotic figures gives the impression of an extremely aggressive
tumor. The so-called anaplastic spermatocytic seminoma contains a
monomorphous population of large cells with big nucleoli.87

Table 6.13 Differences between classical and
spermatocytic seminoma

Seminoma Spermatocytic 
seminoma

Patient’s age (years) 35–40 50–58
Bilateral (%) 2 9
Extragonadal Occasionally Never
location
History of Yes No
cryptorchidism
Gross Solid, firm Mucoid, gelatinous
Cytomorphology Monomorphous 3 different cell types:

cells, Ø � 15–25 �m small Ø � 6–8 �m
intermediate
Ø � 15–20 �m 
to giant
Ø � 50–150 �m

Lymphocytes Common & Absent
abundant

Accompanying �90% Absent
IGCNU

Figure 6.15
Spermatocytic seminoma with a typical central gelatinous area.

Figure 6.16
Expansive growth of spermatocytic seminoma. Note the sharp
interface between tumor and adjacent parenchyma.

Figure 6.17
The very charateristic cytology of spermatocytic seminoma with
three different tumor cell types.
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Immunohistochemically (Table 6.12) the tumor cells are negative
for all markers which are commonly found in TGCTs. The PlAP
reaction is, with very few exceptions, negative.85 Forty percent of
spermatocytic seminomas react positively with c-kit (CD117) anti-
bodies and some few show a dot-like perinuclear reaction for low-
molecular-weight cytokeratin (CAM 5.2).88,89

In our experience, spermatocytic seminoma, due to its rarity, is one
of the most frequently misdiagnosed tumors. The spectrum of wrong
diagnoses ranges from anaplastic seminoma to malignant lymphoma.
The wrong diagnosis implies an unnecessary therapy.

Some dozen cases of spermatocytic seminoma combined with
sarcoma, mostly rhabdomyosarcoma, have been described.82,85 The
histogenesis of these variants is completely unknown.

Cytogenetics
The tumor cells are mostly polyploid or aneuploid. The frequent
alterations of the number of chromosome copies are gains of

chromosomes 1, 9, 18, 20, and X and losses of 7, 15, and 16 or 16p
(Figure 6.19). However only gain of chromosomes 9 and X are
found in all investigated spermatocytic seminoma. Gain of chromo-
some 9 combined with an unchanged chromosome 12 seems to be
specific for this tumor.84

Tumor spread
Usually these tumors are confined to the testis and never metastasize
in distant organs. Thus far, only two cases of spermatocytic semino-
mas with retroperitoneal lymph node metastases have been
reported.84,90 The sarcoma component in combined tumors obvi-
ously metastasizes, primarily to the lung.

Clinical features
Patients do not have a history of cryptorchidism. Painless testicular
swelling is the leading symptom. Postoperative treatment can be
omitted in favour of surveillance because relapses have never been
observed.91 Spermatocytic seminomas combined with sarcoma kill
patients with few exceptions within 2 years.2

Figure 6.18
Intratubular spread of spermatocytic seminoma.
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Figure 6.19
Cytogenetic differences between classical
(blue bars) and spermatocytic seminoma
(red bars). Bars on the right side of the
chromosome mean gains, and on the
left side losses of entire chromosomes
or of part of them. The gain of
chromosome 9 is very specific for
spermatocytic seminoma.
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NSGCTs have a completely different biology and clinical course from
seminomas. The majority shows not a single histologic type (pure
form) but a mixture of different germ cell tumor types. Morphologic
prognostic factors strongly depend on the presence and amount of
single tumor components; tumor spread and therapy are more or
less the same for all NSGCTs. (For that reason, these items will be
presented together for all tumor types at the end of the chapter.)

Embryonal carcinoma
Malignant teratoma undifferentiated (British classification)

Epidemiology
The pure form of embryonal carcinoma (EC) accounts only for
2–10% of all TGCTs, but is very frequent (80%) in mixed neoplasms
with more than one germ cell component. The patients are on
average 30 years old, that is, nearly as old as those with seminoma.
Its appearance in childhood and after age 50 is a rarity (Table 6.7).

Morphology
The tumors are usually small and the cut surface is granular.
Necroses and small hemorrhagic spots give the grayish colored
tumor a variegated appearance (Figure 6.20). The growth pattern can

be solid, papillar, glandular, or tubular. Intratubular spreading tumor
masses with central necrosis resemble comedo carcinomas. The
tumor cells are large primitive epithelial cells with a cytoplasm 
varying from amphophilic to basophilic or clear (Figures 6.21 and
6.22). The large pleomorphic and hyperchromatic nuclei contain
one or more large eosinophilic nucleoli. Mitoses are abundant. In
some cases syncytiotrophoblastic giant cells are present. Vascular
invasion (Figure 6.23) is easily detected in more than half the cases.92

Part 4
Non seminomatous and mixed germ cell tumors

Figure 6.20
Gross appearance of embryonal carcinoma with central necrosis.

Figure 6.21
Embryonal carcinoma cells are somewhat larger and more
polymorphous than seminoma cells.

Figure 6.22
Intratubular comedo-like spread of embryonal carcinoma.
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The positive staining with polyclonal cytokeratin antibodies
(AE1/AE3; CAM 5.2) confirms the epithelial nature of these tumor
cells (Table 6.11). Unlike with seminomas, the PlAP reaction is only
focally positive. The strong and specific staining with CD 30 (Ki 1,
Ber-H2) can lead to a wrong diagnosis of giant cell (immunoblastic)
lymphoma (Figure 6.24). As already mentioned, ECs are negative for
c-kit (CD 117), whereas seminomas do not react with cytokeratin
antibodies and CD 30.

Cytogenetics
The anuploid or even triploid tumor cells show manifold chromo-
somal aberrations, most constant being the presence of isochromo-
some 12. The number of i(12p) copies seems to correlate with the
aggressiveness of the EC.93

Clinical features
The leading symptom is a testicular mass which, contrary to semi-
noma, causes pain and discomfort in about 30% of patients.94 Ten
percent suffer from systemic symptoms such as weight loss, fever,
night sweats, and headaches, or have brain or lung metastases. Alfa-
fetoprotein (AFP) in serum can be elevated even in histologically
pure EC, and hCG can be detected in cases with syncytiotrophoblastic
giant cells.95 Less than half the patients with NSGCT present a localized
disease, 40% have retroperitoneal lymph node involvement, and
20% supradiaphragmal lymph nodes and/or visceral metastases.96

Pure EC is an extremely aggressive tumor; nevertheless, it can be
cured with modern therapy protocols.

Yolk sac tumor
Orchioblastoma (British classification) Endodermal sinus

tumor (Teilum)97

Epidemiology
The pure form of yolk sac tumor (YST) is the most frequent (80%)
TGCT of childhood.98 The average patient age is about 18 months,
since most tumors arise in the first 2 years of life. In adults, YST is a
frequent (40%) component of mixed TGCT, but occurs rarely in
pure form. The epidemiologic data about possible racial preferences
are contradictory. In some reports the incidence is equal in black
and white children, whereas in other reports, it is just as with adults,
namely, white children and Indians prevail.2 All these epidemiologic
studies are, however, biased because of the small number of cases.

Morphology
Typically, the tumor is not encapsulated and is yellow or white in
color. Tissue consistency is usually soft, but can also be firm. Cystic
changes are common (Figure 6.25). Necroses and hemorrhages are
present, especially in large tumors of adults.

At first glance, the microscopic impression is that of a confusing
variety of cells and patterns, but in sporadic cases the tumor is com-
posed of one single cell type or only one histologic pattern. Micro-
cystic, papillary, and solid, spindle cell, and mucoid areas can

Figure 6.23
Intravascular embryonal carcinoma cells are a very significant
predictive factor of unfavorable prognosis (70% lymph node
metastases).

Figure 6.24
Positive immunohistochemical reaction of embryonal carcinoma
cells with CD 30 (Ki 1).

Figure 6.25
Multiple small cysts on the cut surface of a yolk sac tumor.
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alternate in the different parts of the tumor and produce a mesh-
work with spaces appearing to be empty or glandular and pseudo-
glandular structures (Figures 6.26 and 6.27). The eponymous
structures resembling yolk sac (vitelline) are not always present.
The very characteristic Schiller–Duval (Figure 6.28) bodies are an
imitation of the endoderm with cuboidal cells covering a vascularized
stalk of connective tissue. The similarity of the tumor cells to primi-
tive enterocytes is clearly seen in an electron microscope, showing
cells with microvilli on the surface. Tumor cells can contain hyaline
globules (Ø�1 �m) staining positively with PAS (diastase-resistant),
which are found only in this TGCT (Figure 6.29). The 11 different
microscopic patterns described thus far (Table 6.14) lack any clini-
cal importance and are also of questionable diagnostic value,
because they are often present only in small tumor areas.

Experienced pathologists do not have any problem with the diag-
nosis. In adult patients, in whom pure forms of YST are rare, confu-
sion with embryonal carcinoma and rarely with seminoma can arise,
especially if the tumor is completely solid-structured. (However,

Figure 6.26
Microcystic type of yolk sac tumor.

Figure 6.27
Papillary type of yolk sac tumor.

Figure 6.28
Schiller–Duval bodies in a yolk sac tumor.

Figure 6.29
Typical intracellular globules in a yolk sac tumor.

Table 6.14 Histologic pattern of yolk sac tumor

■ Microcystic – reticular
■ Macrocystic
■ Endodermal sinus
■ Papillary
■ Solid pattern
■ Glandular – alveolar
■ Myxomatous
■ Sarcomatoid – spindle cell
■ Vitelline
■ Hepatoid
■ Parietal
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only the misdiagnosis seminoma has negative consequences,
because of a completely different therapy.)

Immunohistochemically all tumor cells react strongly positive
with cytokeratin antibodies, and, unlike embryonal carcinoma,
negatively with CD 30.95,99 Even when these tumor cells are the typical
producer of AFP, not all tumors are positive (74–100%), and in
children completely negative tumors can be observed. The
immunohistochemical reaction is usually patchy, not found in all
tumor cells and not in all areas. To avoid wrong diagnosis, a gener-
ous sampling is advisable; also because AFP-positive tumor cells are
encountered in one-third of embryonal carcinomas.

Cytogenetics
Loss of 1p and 6q is rather typical for infantile YST.100 Other anom-
alies have been sporadically observed, but genes somehow involved
in the oncogenesis are not yet known.

Clinical features
As in all testicular tumors the asymptomatic scrotal mass is the lead-
ing symptom. AFP in serum is elevated in 90% of cases.101 Tumor
spread and therapy in adults follow the pattern of all NSGCTs (see
Chapter). In infants a wait-and-see stance can be adopted, because
positive retroperitoneal lymph nodes are observed in 4–14% of
cases.102 More recent studies103 do not confirm the old supposition
that children under age 2 have a better prognosis than older ones.

Polyembryoma
This tumor never occurs in pure form and invariably represents only
a microscopically detectable structure, which is part of a 
NSGCT – most commonly of a teratoma. The structure called ‘embry-
oid body’ roughly resembles a presomitic embryo of about 14 days old
(Figure 6.30). The ‘embryoid bodies’ are embedded in a myxoma-
tous stroma and are scattered among other components of NSGCT.

Choriocarcinoma and other
throphoblastic neoplasia
Malignant teratoma throphoblastic type [British classification]

Epidemiology
Choriocarcinomas are the rarest TGCT with an incidence of about
0.8/105. The pure form accounts for less than 0.2% of all TGCTs.
The patients are rather young, with a peak between 25 and 30 years.

Morphology
Grossly the tumor is a small, hemorrhagic nodule sometimes 
surrounded by a rim of whitish preserved tumor tissue. The tumor
consists of three cellular components: the cytotrophoblast, the
intermediate trophoblast, and the syncytiotrophoblastic giant cells
(Figure 6.31). The leading cell is the small rounded cytotrophoblast
with water-clear cytoplasm (Figure 6.32). Such cells with more

Figure 6.30
Embryoid bodies in polyembryoma resemble a presomitic
embryo around 14 days old.

Figure 6.31
Overview of a choriocarcinoma.

Figure 6.32
Cytotrophoblast cells with clear cytoplasm are covered by typical
syncytiotrophoblast giant cells.
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eosinophilic cytoplasm are supposed to be the ‘intermediate tro-
phoblast’. The syncytiotrophoblastic giant cells lie on the surface of
the cytotrophoblast. The tumor masses are surrounded by blood
and are located close to small vessels.

Monophasic choriocarcinoma is the term used for such 
tumors composed only of cytotrophoblasts and lacking the 
syncytiotrophoblastic giant cells. Tumors made out of solely inter-
mediate cytotrophoblasts are called, as in the uterus, placental site
trophoblastic tumor [ICD-O 9084]. Thus far, only one monophasic
and two placental site tumors have been described.104,105

All types of cytotrophoblast react immunohistochemically with
cytokeratin antibodies (CK 7, 8, 18, 19, CAM5.2, AE1: AE3) as well
as with human placental lactogen (hPL). Syncytiotrophoblastic
giant cells obviously react strongly positive with �hCG antibodies
(Figure 6.33), and also express epithelial membrane antigen (EMA)
and the alfa subunit of inhibin.

Caveat: the diagnosis of choriocarcinoma is based on the identifica-
tion of both trophoblast types (cyto- and syncytiotrophoblast). hCG-
positive syncytiotrophoblastic giant cells alone do not permit the
diagnosis of choriocarcinoma, because they are also found in classical
seminomas as well as all other NSGCTs.

Hemorrhages due to other causes (coagulopathy, torsio, and
trauma) also cause testicular swelling and tissue necrosis which can
mislead to a tragic diagnostic error.

Cytogenetic
To date, no studies on testicular choriocarcinoma have been carried
out. In females, a few analyses have been done without finding
specific chromosomal aberrations. Tumor cells of postgestational
choriocarcinomas such as partial hydatidiform mole are triploid.106

One ovarian choriocarcinoma of germ cell origin exhibited the
typical i(12p).107

Clinical features
Choriocarcinoma is a highly aggressive neoplasm with approximately
70% of patients having metastatic disease at the time of diagnosis.
Primary symptoms are caused mostly by blood-borne metastases
which are located in the lung (100%), liver (86%), gastrointestinal
tract (71%), and brain (56%), whereas the retroperitoneal lymph
nodes are not involved. The high hCG levels in serum (�100 000
IU/l) can cause a gynecomastia (10%) and in a few cases also a thy-
rotoxic crisis due to a cross-reaction of hCG with TSH.108 Standard
treatment is orchiectomy and cyclical POMB/ACE chemotherapy.109

Response to therapy is signaled by reduction of tumor volume and
falling hCG, whereas persistence of elevated hCG means residual
tumor and worse prognosis. Of patients with metastases, 75% sur-
vive 3 years. In many cases death occurs due to hemorrhage sec-
ondary to brain and/or gastrointestinal metastases, a condition
called ‘choroicarcinoma syndrome’.110

Teratoma
Teratoma differentiated [British classification]

Epidemiology
Teratomas are, after YST, the second most frequent (14–20%)
TGCT in infancy, with an average age of 20 months.59 In adults pure
teratomas account for 3–7% of TGCTs but they are a component in
more than half of the mixed germ cell tumors.

Morphology
The name given to this amazing tumor by Virchow111 derives from
teras, which in ancient Greek means marvel or monster. The tumor
is composed of tissue components deriving from all three germinal
layers – endo-, ecto-, and mesoderm. Thus, the gross morphology
depends on the distribution and amount of single tumor compo-
nents. On the cut surface, glassy nodules representing cartilaginous
areas (Figure 6.34, 6.35), small cysts filled either with mucus or

Figure 6.33
Positive immunohistochemical reaction of the
syncytiotrophoblastic giant cells with ßhCG antibodies. The
cytotrophoblast does not produce this hormone and is unstained.

Figure 6.34
Teratoma with prominent cartilaginous areas.
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with laminated keratin, and pigmented areas can be recognized
(Figure 6.36). Compared with other TGCTs the consistency is always
significantly more firm. In children the appearance is usually multi-
cystic (Table 6.15).

Well-differentiated somatic tissue components have been classified
in the past as mature teratoma, whereas teratomas containing normal
fetal type tissue have been called immature. The new WHO 20042

classification avoids using these two terms because they have often been
erroneously interpreted as synonyms for benign and malignant, respec-
tively. However, they only describe morphologic features and lack any
prognostic significance.

Mature teratomas contain cysts lined by squamous or glandular
epithelium of enteric type or ciliated respiratory type epithelium
(Figure 6.37). Cysts can be filled with mucus or keratin. Organoid
structures mimicking gout or bronchous are made of the corre-
sponding epithelium encircled by smooth muscle. As in normal
organs also in these organoid structures neuroendocrine cells pro-
ducing all kind of hormones (gastrin, bombesin, somatostatin, etc.)
are scattered112 among the columnar epithelia (Figure 6.38).

Mesodermal tissue is always represented by smooth muscle and
mostly also by hyaline cartilage; bone with or without hematopoietic
marrow is less common (Figure 6.39). Neuroglia with ependymal
differentiation is also a rather common component. Pigmented reti-
nal epithelium can occasionally be seen (Figure 6.40). Differentiated
liver, prostate, pancreas, and thyroid are rarities (Figure 6.41).

Figure 6.35
Teratoma with cartilaginous areas and microcystic structure.

Figure 6.36
Cystic teratoma with necrotic and hemorrhagic areas.

Table 6.15 Differential diagnosis of cystic testicular
lesions in childhood116

Teratoma
Epidermoid cyst
Dermoid cyst
Yolk sac tumor
Ovarian type cystadenoma
Juvenile granulosa cell tumor
Cystic lymphangioma
Cystic dysplasia of the rete testis
Simple cysts

Figure 6.37
Teratoma with small lumen lined by respiratory type epithelium
and smooth muscles in the wall.

Figure 6.38
Neuroendocrine cells in gland epithelium of a teratoma.
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Immature teratomas contain an undifferentiated spindle cell
mesenchymal stroma and small immature glands. Also the squamous
epithelium is arranged in solid nests without keratinization. Other
components are primitive neuroepithelium, renal blastema resem-
bling Wilms tumor (Figure 6.42), rhabdomyoblasts, and fetal adi-
pose tissue with lipoblasts (Figure 6.43).

In the WHO 2004 classification2 the dermoid cyst [ICD-O9084]
is listed as an ‘official’ variant of teratoma. The tumor consists of
cysts lined by epidermis with skin, hair follicle, and sebaceous glands
(Figure 6.44). Other mature components can be found but their
quantity is negligible.115 This teratoma type is ordinary in the ovary
but remains extremely rare in the testis, with some few cases
reported.2 Since metastases have never been described, perhaps the
dermoid cyst deserves to be considered a distinct diagnostic entity.

Monodermal teratomas are those tumors in which a tissue com-
ponent deriving from one germinal layer overgrows the other. 
The most frequent form is the primitive neuroectodermal tumor
(Figure 6.45) (PNET) (Figure 6.45). Other monodermal tumors

described are chondromas, Wilms tumor (nephroblastoma), and
carcinoids. The last two, however, are listed again in the WHO 2004
classification in the category of ‘miscellaneous tumors’, which does
not make much sense because the normal testis does not contain a
cell from which both tumors could develop.

The most common monodermal differentiated tumor is the epi-
dermoid cyst (Figure 6.46), which accounts for 1% of all intrascrotal
tumors and can arise at any age.116 They are easily recognizable by
the naked eye because they have a thin whitish wall and are filled
with horny material arranged in a laminated layer (onionskin-like).
The cyst is lined by an epidermis-like layer of squamous epithelium
(Figure 6.47). Some authors regard the cyst as a teratoma only in
cases when the surrounding testicular tissue IGCNU can be identi-
fied, otherwise the cyst is considered to be a tumor-like lesion. In
one case, an orchidectomy should be required; in the other, only a
tumor enucleation.117 This cavilling view is devoid of any practical or
even theoretic importance because a metastasizing epidermoid cyst
has never been reported. One could object that teratomas in infancy
are also not accompanied by IGCNU, yet are still TGCTs.

Carcinoids arise from neuroendocrine cells which abound in ter-
atomas112 but do not exist in normal testicular tissue. The existence
of so-called primary carcinoids without accompanying teratoma can
easily be explained through the overgrowth of neurendocrine cells.
The detection of teratomatous areas also depends on a very thor-
ough sampling; thus, the existence of primary carcinoids can be
called into question. In fact, ‘primary’ carcinoids are larger than
small ones and 8% of them metastasize.118

If a non-germ cell tumor119 arises from a somatic tissue compo-
nent, it is classified as teratoma with somatic type malignancy [ICD-O
9084/3]. Such malignancies become clinically important only if
the somatic malignancy fills a field of view by low magnification
(4	 objective). Sarcomas, in particular rhabdomyosarcoma, are the
most common somatic malignancies (Figure 6.48). But primitive
neuroectodermal tumors and squamous and adenocarcinomas have
also been observed (Table 6.16). Somatic type differentiation is seen
in 4% of patients with metastatic disease,120 probably also induced
by chemotherapy.

Teratomas are not difficult to recognize, so immunohiostochem-
istry is not accustomed to solving certain differential diagnostic
problems. The immunophenotype of the various tissues obviously

Figure 6.40
Pigmented retina-like epithelium (left) and
neuroepithelium forming rosettes (right).

Figure 6.39
Young partially immature cartilage in a teratoma and an
adjacent gland lined by columnar epithelium.
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corresponds to those of the normal cell type, with the same antibod-
ies as their normal counterparts.

Cytogenetics
Teratomas are diploid in children and hypotriploid in adults.121 The
only specific aberration is the isochromosome i(12p). Teratomas
with somatic type malignancies can show both: aberrations typical
for the respective somatic tumor (mostly translocations) and simul-
taneously also i(12p) specific for TGCTs.122
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Figure 6.41
Frequency of differentiated tissue in teratomas of the
testis (green bars) and ovary (red bars). In testis tumors
respiratory, gastrointestinal, glandular, and dermal
structures prevail. Thyroid and pancreatic tissue,
rather common in teratoma of the ovaries, is not
encountered in testicular teratomas. (Modified after
Damjanov.113)

Figure 6.42
Nephroblastoma (Wilms tumor) developed in a teratoma.

Figure 6.43
Cartilage and rhabdomyoblastic differentiation in a teratoma.

Figure 6.44
Dermoid cyst lined by epidermis with skin and hair follicles.
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Figure 6.46
Macroscopic appearance of an epidermoid cyst with squamous
material.

Figure 6.47
Epidermoid cyst lined only by squamous epithelium. Hair
follicles and sebaceous glands typical for dermoid cyst are missed.

Figure 6.48
(A) Somatic-type tumor developed in teratoma. The main
portion of the tumor consists of a leiomyosarcoma structure
with entrapped islands of seminoma cells (arrowheads) and
immature squamous epithelium (arrow). (B) Chondrosarcoma
adjacent to yolk sac structures.

Figure 6.45
(A) Monodermal teratoma differentiation into structures of a
primitive neuroectodermal tumor (PNET). The figure shows
neurofilaments, ganglion cells, and small neuroblastoma-like
cells (bottom). (B) Neuroepithelial differentiation
(neuroepithelioma).
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Clinical features
Testicular mass is the main symptom, but children also show typical
associations with other diseases: inguinal hernia (7%), malformations
of the urogenital tract (2.5%) and cryptorchidism (5%), Down syn-
drome (2%), Klinefelter syndrome (1.5%), xeroderma pigmento-
sum (0.5%), hemophilia (0.5%), and ataxia (0.5%).123

The tumor is absolutely benign in childhood, whereas in adults
only dermoid and epidermoid cysts do not metastasize or relapse. In
adults they are metastatic to the retroperitoneal lymph nodes and
rather insensitive to chemo- and radiotherapy, thus necessitating
resection. Somatic type malignancies arising in teratomas do not
respond to the standard TGCT therapy, which should therefore be
specifically tailored to the somatic tumor component.122

Tumors of more than one
histologic type [mixed forms]
Malignant teratoma of intermediate type or combined tumor 
seminoma � teratoma

[British classification]
[Teratocarcinoma of the old WHO 1976 classification]

Epidemiology
These tumors, at 30–54%, are almost as frequent as pure seminomas.
In NSGCTs combined with seminoma, the average age of the
patients depends interestingly on the amount of the two tumor com-
ponents: patients are older if the seminoma is the main component.

Morphology
The gross aspect and the micromorphology strongly depend on the
amount of the single histologic components (Figures 6.49 and 6.50).
The various types are randomly mixed; nevertheless, certain 
combinations are significantly more frequent than others. Embry-
onal carcinoma is the most frequent (80%) single component,
but teratoma and YST show statistically the strongest correlation
(Table 6.17).124 Seminoma is a component of about 15% of all
mixed TGCTs, preferentially combined with embryonal carcinoma.

Table 6.16 The most frequently reported somatic type
malignancies developed in teratoma

■ Rhabdomyosarcoma
■ PNET
■ Chondrosarcoma
■ Osteosarcoma
■ Malignant Schwannoma
■ Nephroblastoma (Wilms tumor)
■ Carcinoid
■ Adenocarcinoma
■ Squamous carcinoma
■ Neuroendocrine carcinoma

Figure 6.49
Gross appearance of a ‘mixed’ germ cell tumor invading the
spermatic cord.

Figure 6.50
Combination of embryonal carcinoma with pseudoglandular
structures (left) and seminoma (right).The insert shows the
embryonal carcinoma cells immunohistochemical reactive for
cytokeratin (CAM 5.2).

Table 6.17 Preferred pairing of different tumor types
in mixed germ cell tumors124

p Value

Teratoma � embryonal carcinoma � 0.001
Teratoma � yolk sac tumor � 0.001
Teratoma � seminoma � 0.001
Embryonal carcinoma � seminoma � 0.001
Teratoma � choriocarcinoma 0.002
Choriocarcinoma � seminoma 0.002
Choriocarcinoma � yolk sac tumor 0.007
Embryonal carcinoma � choriocarcinoma 0.149
Yolk sac tumor � seminoma 0.552
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In the past, the combination of teratoma and embryonal carci-
noma was called teratocarcinoma, a term which was subsequently
used as a synonym for all NSGCTs.

Prognostic factors
Contrary to seminoma in NSGCTs, the invasion of lymph and/or
blood vessels (pT2) is the most powerful predictor of relapse or
retroperitoneal metastases. Vascular invasion is very frequent in
embryonal carcinomas and, in fact, large amounts of it in a mixed
germ cell tumor negatively influence the prognosis (Table 6.18). If
the orchiectomy specimen consists of 100% embryonal carcinoma,
the patient is at high risk for retroperitoneal metastasis. The
pathology report should therefore include a rough estimate of the
relative amount as a percentage of embryonal carcinoma. Teratoma
and/or YST presence in the tumor are markers of a favorable
prognosis.125

In the absence of embryonal carcinoma the S-phase fraction of the
aneuploid cells as determined by flow cytometry has a prognostic
importance. Patients with an S-phase fraction below 29% are at low
risk, and those above 29% at high risk for retroperitoneal metastases.126

High proliferative activity is also correlated with p53 protein expres-
sion,127 which is a marker of aggressiveness in other types of cancer.

Tumor spread and morphology of
lymph node metastases
With the exception of hematogenous metastasizing choriocarcinoma,
all other NSGCTs primarily metastasize to the retroperitoneal
lymph nodes (Figure 6.51). The incidence is obviously correlated
with the pathologic (pT) or clinical stage. Roughly about one-third

of tumors confined to the testis without vascular invasion (pT1) are
accompanied by retroperitoneal metastases or will relapse in the first
year after surgery. The percentage increases to about 75% if the
tumor involves the spermatic cord and/or scrotum.128,129 The pattern
of tumor spread is the same as in seminoma: ipsilateral para-aortal,
iliacal, and, rarely, inguinal lymph nodes. With increasing nodal
stage, the probability of organ metastases becomes greater. In the
presence of a bulky (�5 cm � pN3) retroperitoneal disease, organ
metastases can be expected in more than half of the patients.128 Lung
and liver are the main sites of organ involvement, but the frequency
varies in the various published series.

Generally the presence of teratoma and, to a lesser extent, also of
YST in the orchiectomy specimen predicts teratoma in the metas-
tases. But teratoma absence in the primary does not exclude its pres-
ence in the metastases.130 Persistence of teratoma is also a common
finding (44%) in retroperitoneum after chemotherapy.131 Also in
late recurrences after a temporary complete response to chemother-
apy teratoma is the most common tumor type (Figures 6.52 and
6.53), followed by YST and non-germ-cell malignancies.132

Clinical features
The symptoms of the mixed germ cell tumors are no different from
those of other NSGCTs. The serum markers AFP and hCG are 
elevated in more than 50% of patients.133 As already mentioned,
patients with tumors composed mainly of embryonal carcinoma
will probably have retroperitoneal metastases at the time of diagno-
sis. For the management of stage I NSGCTs, different risk-adapted
strategies can be adopted: surveillance and treatment at relapse,
retroperitoneal node dissection with or without adjuvant chemother-
apy, and finally adjuvant chemotherapy only.9 Surveillance is obvi-
ously indicated in low-risk patients, whose tumors show no or only
one unfavorable prognostic feature (Table 6.19). All three therapy
variants are very successful with survival rates which are likely to
achieve 100%. Experienced centers have significantly better therapy
results than smaller hospitals.

For metastatic tumors three courses of BEP (bleomycin, etopside,
cisplatin) lead to survival rates of more than 90%. Residual masses
after chemotherapy usually contain teratoma areas and require
surgery. Teratoma in residual tumor can undergo later malignant
changes (somatic malignancies). The salvage therapy after chemother-
apy failure can cure only about 30% of men.

Table 6.18 Prognostic factors in mixed NSGCTs

■ Vascular/lymphatic invasion unfavorable
■ High amount (%) of EC unfavorable
■ In absence of EC S-phase fraction � 29% unfavorable
■ Presence of teratoma favorable
■ Presence of yolk sac tumor favorable

Figure 6.51
Distribution of retroperitoneal lymph
node metastases in stage II non-
seminomatous germ cell tumors. In the
right-sided tumour the intra-aorto-caval
and precaval, in the left-sided tumor
the pre- and left aortic areas are the
preferred location of affected lymph
nodes. (Modified after Donohue.129)
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Burned out TGCTs
So-called extragonadal germ tumors arising isolated in mediastinum
and pineal regions are, with few exceptions, true primaries. Primary
retroperitoneal germ cell tumors, however, are ‘a non-existing
entity’134 and should be considered metastases of a small occult
viable or completely regressed (‘burned out’) germ cell tumor
located in the testis. In an autopsy series of metastasizing TGCTs,
burned out tumors represented approximately 10% of all cases.135

The testes involved can appear normal or show a circumscribed scar
(Figure 6.54), which is also the most common histologic finding.134

Normal appearing or fibrotic organs show foci of atrophic or col-
lapsed seminiferous tubules, which frequently (49%) contain atypical
germ cells (IGCNUs).47,134,135

Which kind of TGCT shows the highest proportion of regressed
primary neoplasms is not really known. In some reports seminomas

are the prevailing primary,134 in others choriocarcinomas are sup-
posed to be the most frequently regressing tumors.136 However, the
small series published do not allow a thorough statistical analysis.

Clinically, such regressed tumors are palpable only in about 60%
of cases. In ultrasonography, suspicious findings such as hypere-
chogenic lesions and/or microcalcification are present in more
than 90% of cases. Primary orchiectomy of the affected gonad is
mandatory because the malignancy can persist despite systemic
chemotherapy.137

Figure 6.52
Lymph node metastasis of a choriocarcinoma.

Figure 6.53
Lymph node metastasis of a non-seminomatous TGCT after
chemotherapy.

Table 6.19 Clinical prognostic classification of
metastatic NSGCTs of the International Germ Cell
Collaborative Group9

Good prognosis TGCT or retroperitoneal GCT
5-year overall survival 91% No non-pulmonary visceral

metastases and
AFP � 1000 IU/l
HCG � 5000 IU/l
LDH � 1.5 	 normal

Intermediate prognosis TGCT or retroperitoneal GCT
5-year overall survival 71% No non-pulmonary visceral

metastases
AFP � 1000–10 000 IU/l
hCG � 5000–50 000 IU/l

or
LDH � 1.5–10 	 normal

Poor prognosis Mediastinal primary
5-year overall survival 48% or

non-pulmonary visceral
metastases

or
AFP � 10 000 IU/l
HCG � 50 000 IU/l

or
LDH � 10 	 normal

Figure 6.54
A burned out (scar) germ cell tumor in the testis of a patient
with a so-called primary extragonadal (retroperitoneal)
seminoma.
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Staging
The TNM staging system (Table 6.20) is generally accepted now 
as the system which can be used in the clinical and pathologic 
(pT � postsurgical; yT � after chemo- or radiotherapy) assessment
of the local tumor, nodal involvement, and eventual organ metas-
tases. With the introduction of the S group the information on the
serum marker status is included in the algorithm. The only criticism
is that the prognostic criteria for seminoma and NSGCTs are com-
pletely different. Tumor diameter and invasion of rete testis are
important in seminoma but not in NSGCTs, whereas the vascular
invasion (pT2) is extremely important in NSGCTs but not so much
in seminoma.

Clinical staging systems (Table 6.21) are based more on the
presence, size, and location of metastases and completely disregard
the extent of the primary tumor and all other prognostic important
factors. They are ‘homemade’ for specialized institutions and are
generally very useful for therapy planning, but too superficial for
epidemiologic studies.138

Intra-operative frozen section
diagnostic of TGCTs
In the past, intra-operative frozen section diagnosis has been strictly
rejected by pathologists because of diagnostic uncertainty.139 Occa-
sionally, however, testis sparing surgery because of lonely testis,

bilateral tumors, or suspected non-germ cell tumor requires an
intra-operative assessment. The diagnostic results are good in
mature teratomas, dermoid cysts, and non-germ-cell tumors. The
assessment of resection margins in partial tumor resections is not
difficult, but for the detection of IGCNU the method is useless and
should not be applied.

Table 6.20 pTNM (AJCC/UICC) staging of TGCTs

pTx Unknown status of testis
pT0 No apparent primary (includes scars)
pTis Intratubular tumor, no invasion
pT1 Testis and epididymis only; no vascular invasion or

penetration of tunica albuginea
pT2 Testis and epididymis with vascular invasion or

trough tunica albuginea to involve tunica vaginalis
pT3 Spermatic cord
pT4 Scrotum

pNx Unknown nodal status
pN0 No regional node involvement
pN1 Node mass or single nodes � 2 cm; � 5 nodes

involved (no node � 2 cm)
pN2 Node mass � 2 cm but � 5 cm; or � 5 nodes involved
pN3 Node mass � 5 cm

pMx Unknown status of distant metastases
pM0 No distant metastases
pM1a Non-regional nodal or lung metastases
p1Mb Distant metastases other than non-regional nodal or

lung metastases

SX No marker studies available
S0 All marker levels normal

LDH hCG (mIU/ml) AFP (ng/ml)
S1 �1.5 	 N � �5000 � � 1000
S2 1.5–10 	 N or 5000–50 000 or 1000–10 000
S3 � 10 	 N or � 50 000 or � 10 000

N � normal value.

Table 6.21 Different clinical staging

AJCC/UICC system
Stage 0 Tis, N0, M0, S0
Stage IA T1, N0, M0, S0
Stage IB T2-T4, N0, M0, S0
Stage IC any T, N0, M0, S1–S3
Stage IIA any T, N1, M0, S0–S1
Stage IIB any T, N2, M0, S0–S1
Stage IIC any T, N2, M0, S0–S1
Stage IIIA any T, any N, M1a, S0–S1
Stage IIIB any T, any N, M0–M1a, S2
Stage IIIC any T, any N, M0–M1a, S3 or any T, any N, 

M1b, any S

Royal Marsden
I testis only
IM continued positive serologic evidence of tumor after

orchiectomy
II infradiaphragmatic nodal involvement
IIA � 2 cm
IIB 2–5 cm
IIC � 5 cm
III supraclavicular or mediastinal involvement
IV extranodal metastases
IVL Lung metastases
IVH Liver metastases

Memorial Sloan Kettering Cancer Center
A testis and adnexa
B infradiaphragmatic nodal metastases
B1 � 5 cm
B2 5–10 cm
B3 �10 cm
C spread beyond retroperitoneal nodes

Massachusetts General Hospital
I testis only
II retroperitoneal involvement
IIA � 2 cm
IIB � 2 cm
III supraclavicular and mediastinal involvement
IV disseminated disease

MD Anderson
I testis only
IIA negative lymphangiogram but pathologic positive

retroperitoneal nodes
IIB positive lymphangiogram
IIIA supraclavicular nodes
IIIB1 gynecomastia lacking gross tumor
IIIB2 lung metastasis (no more than 5 nodules per lung

and not �2 cm)
IIIB3 advanced lung
IIIB4 advanced abdominal or obstructive uropathy
IIIB5 visceral disease, excluding lung
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Part 5
Tumors of sex cord/gonadal stroma
These are very rare tumors which, in large series, account for
1.6–6%1,2,138 of adult testicular tumors and are somewhat more fre-
quent in children (Table 6.22). Absolutely nothing is known about
the epidemiology, histogenesis, and possible etiology of these
tumors which derive from Leydig, Sertoli, granulosa, and theca cells.
They arise in the testis as well as in the ovary but the incidence of the
single histologic types is quite different in the two genders. Leydig
and Sertoli cell tumors are more frequent in the male gonads; gran-
ulosa and theca cell tumors are typical for the ovaries and rare in the
testes. Teilum140 defined the term gonadal stroma tumor as a histo-
genetic and morphologic name for tumors of both genders, which
derive from an undifferentiated gonadal mesenchyme. These
tumors reflect the different development phases of the male gonad
in their morphology. The name androblastoma has been used in the
past synonymously for all gonadal stroma tumors or for Sertoli cell
tumors alone, which has been rather confusing.

In the WHO 2004 (Table 6.1) classification pure forms with one
cell type, mixed forms composed of two cell types, and incompletely
differentiated tumors are listed. In contrast to old classifications,
this category also includes very peculiar tumors containing both
germ cells and sex cord/gonadal stromal elements.

Leydig cell tumors (benign 
and malignant)

Interstitial cell tumor

Epidemiology
Leydig cell tumors (LCTs), at 1–3% of all testicular neoplasms, are
the most frequent type in this category and represent 4–9% of all
primary testis tumors in prepubertal males. The age of the patients

ranges from 2 to 90 years.141 The average age (46 years) is clearly
higher than that of TGCTs. In 5–10% of cases an association with
cryptorchidism141 has been determined, but it is unknown whether
this is pure coincidence or if there is a true causal relationship.
About 3% of tumors are bilateral.

Morphology of benign forms
LCTs are usually well-circumscribed, yellow-brownish tumors with
a thin capsule (Figure 6.55). They can be lobulated by fibrous septa
and show foci of necrosis or small hemorrhages (25%). The average
diameter in the large series was 3 cm141 and extension to the rete testis
or spermatic cord was observed in more than 10–15% of cases.141

The tumor cells are large and polygonal with abundant
eosinophilic cytoplasm (Figure 6.56), which occasionally can be

Table 6.22 Frequency and typical age of the patients
with sex cord/gonadal stroma tumors

Testis Average Range
tumors (%) age (years)

Leydig cell 1–3 46 2–90 years
tumor
Sertoli cell 0.4–1% 45 1½–80 years
tumor
Granulosa cell
tumor

adult type � 24 cases 42 years
juvenile type Most common � 6 months 0–7 months

tumor in 
children

Figure 6.55
Macroscopic appearance of a Leydig cell tumor.

Figure 6.56
Benign Leydig cell tumor. The morphology of the tumor cells is
identical with that of the normal counterpart.
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granulated or vacuolated because of intracytoplasmic fat accumula-
tion. LCTs with spindle cell differentiation are rare.142 In one-third
of cases, the cytoplasm contains Reinke crystals and, in 15%,
lipochrome pigment.143 The nuclei are usually perfectly round and
contain a big nucleolus. In a few cases, a marked variation of size and
shape occurs. The mitotic activity is, with some exceptions, generally
low. Tumor cells arranged in a solid formation with scanty fibrous
stroma is the most common growth pattern. However, trabecular
or pseudotubular structures with prominent stroma and even
psammoma-like calcification have been observed in single cases.

LCTs can generally be easily recognized, but in some less well-
differentiated cases confusion with lymphomas or plasmacytomas is
possible. The use of immunohistochemistry can help to avoid
mistakes (Table 6.23). Leydig cells react with a large number of
antibodies but the reactions with 
-inhibin and melan-A are almost
always positive.142,144,145

Another similar lesion is the malakoplakia (granulomatous orchitis)
of the testis, which is an exuberant histiocytic reaction to infection,
probably with E. coli.146 The macrophages have a large eosinophilic
cytoplasm which contains target-like inclusions called Michelis
Gutmann bodies (Figure 6.57).

A marked Leydig cell hyperplasia in atrophic testis of the Kline-
felter syndrome can also easily be confused with LCTs if the patholo-
gist does not know the clinical history (Figure 6.58). However, a few
true LCTs have been described in a Klinefelter testis.147 In untreated
adrenogenital syndrome masses of ‘steroid cells’ similar to the Leydig
cells develop in the interstitium of both testes.148,149 The masses
disappear after corticosteroid therapy, making surgery unnecessary.

Morphology of malignant forms
The most reliable criterion of malignancy is the size of the 
tumor – the diameter of malignant LCTs is usually greater than 5 cm
(average 4.7 cm versus 2.6 cm for benign tumors).150 There is no sig-
nificant difference in the cytomorphology between benign and
malignant Leydig cells, but atypical mitotic figures are more fre-
quent and the mitotic index is significantly higher in malignant
tumors (mean 13.9 vs 1.9).150 Also, the activity of the proliferation
marker MIB-1 is higher in malignant tumors (mean 18.6% vs 1.2%).
Vascular invasion (Figure 6.59), infiltrative margins, and necrosis
are also associated with malignancy, but used as a single criterion are
not very reliable (Table 6.24). Mostly malignant LCTs show a com-
bination of more than four of such malignancy predicting 
features.141

Metastatic LCTs commonly first involve the retroperitoneal
lymph node (72%). Blood-borne metastases are located in the lung
(43%), the liver (38%), and the bones (28%),151 but in single case
reports other sites have also been described.

Cytogenetics
All metastasizing LCTs but also more than one-third of benign ones
are DNA aneuploid. The only constantly encountered aberration is
the gain of the X chromosome, on which a lot of genes involved in

Table 6.23 Immunoreactivity (%) of different sex cord/gonadal stroma tumors with the routinely
used antibodies68,143,144

Inhibin CK S-100 Sm-Actin Calretinin CD99 Vimentin Melan A

Leydig cell tumor 96 44 27 92 50 92 100
Sertoli cell tumor 40 80 30 56 33 30 83
Granulosa cell tumor 98 44 42 90 100 79 100

Figure 6.57
Large macrophages in a malakoplakia of the testis. The insert
shows intracellular calcifications (black) – the Michelis Gutmann
bodies.

Figure 6.58
Klinefelter syndrome with nodular hyperplasia of the Leydig
cells mimicking small tumors. The seminiferous tubules are
atrophic.
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the development of the testis, infertility, and the gene coding for the
androgen receptor are located.152

Clinical features
LCT of the testis usually presents as an ultrasonographically hypo-
echolic testicular mass, accompanied by endocrine symptoms in
20% of the cases. In adults, feminization with gynecomastia, loss of
libido, and impotence are the symptoms caused by a decreased
testosterone/estradiol ratio and a high hydroxyprogesterone/
androstenedione ratio.153 After orchidectomy gynecomastia does not
regress in all cases154 and spermatogenesis can remain impaired,
because the excess of female hormones leads to an irreversible atrophy
and sclerosis of the seminiferous tubules. The feedback mechanisms
with the pituitary (hypophysis–gonadal axis) and subsequently also
the androgen production in the testis normalize in a few months.154

In contrast to adults, LCTs in infancy produce androgens and
cause a precocious pseudopuberty, which is characterized by puber-
tal enlargement (growth) of the genital organs without induction of
spermatogenesis.

Intra-operative frozen sections are very useful in the diagnosis
of small sex cord stromal tumors which can be treated with local

excision.139 Although in frozen section some diagnostic problems
exist, the correlation with the final diagnosis made on paraffin-
embedded material is excellent.155,156

In adults approximately 10% of LTCs are malignant; in children
the tumor is always benign. Clinically, malignancy is established by
the presence of metastasis at the time of diagnosis or during fol-
low-up. There is currently no effective treatment for the metasta-
sis. Some clinicians advocate a retroperitoneal lymph node
dissection immediately after orchidectomy, especially in patients
with small tumors.157 Due to the small number of cases the thera-
peutic results are obviously unknown. Short-lived response to
chemotherapy and a questionable benefit of radiotherapy docu-
ment the therapeutic dilemma. The median survival rate for all
stromal tumors (Sertoli inclusive) is 1.2 years. In single cases
metastases have been observed even many disease-free years after
LCT resection.158

Sertoli cell tumors (benign 
and malignant)

Epidemiology
Sertoli cell tumors (SCTs) occur significantly less frequently than
LTCs and account for 1% of all testicular tumors.159 At an average
age of 45, the patients are as old as those with LTCs; but these
tumors are extremely rare in men younger than 20. Many cases pub-
lished in the past were probably the similar-in-appearance juvenile
granulosa cell tumors. Single cases are associated with the androgen
insensitivity syndrome,148 Peutz–Jeghers syndrome,160 and the Car-
ney syndrome.161 Malignant SCTs are rare but occur at any age, even
in children. Ten percent of SCTs are malignant.162,163

Morphology of benign form
The tumors are usually well circumscribed with a sclerotic border
and a tan-gray, white, or yellow color (Figure 6.60). Necrotic areas
are rare but hemorrhagic spots can be seen in one-third of cases.159

The sizes reported range from 0.3 to 15 cm, but the average diameter
is 3.6 cm. The micromorphology varies from well-differentiated,
easily recognizable Sertoli cells to less-differentiated forms which are
recognized primarily through their typical arrangement in hollow or
solid tubules (Figures 6.61 and 6.62). The cells can also grow in solid
cords, trabeculae, or small nodules surrounded by a fibrous or hya-
line stroma. Usually the cytoplasm is eosinophilic, but sometimes it
contains large amount of lipids – the lipid-rich variant (Figure 6.63),
which is listed in the WHO 2004 classification, though not as a dis-
tinct entity.

In some few reported cases the exuberant sclerotic stroma has
been the morphologic hallmark. Since these tumors are also smaller
and occur only in adults, they were classified as a distinct variant
called sclerosing Sertoli cell tumor (Figure 6.64).2,164

SCTs have to be differentiated from Sertoli cell nodules (hypoplastic
zones; Sertoli cell congeries) frequently present in cryptorchid but
also normal testes. The nodules consist of small aggregates of semi-
niferous tubules with a prominent, thick basement membrane and
lined solely by Sertoli cells.165

Figure 6.59
Leydig cell tumor with vascular invasion of the tumor cells – a
morphologic feature suggesting malignancy.

Table 6.24 Ranking of malignancy criteria in Leydig
and Sertoli cell tumors

Leydig cell tumor Sertoli cell tumor

Adults (never Any age
in infants) Gynecomastia 

� 30%
Diameter � 5 cm
High mitotic activity*
Vascular invasion*
Infiltrative margins*
Necrosis*

* Not very reliable, used as a single criterion – minimum of 2 criteria needed.
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Figure 6.61
Well-differentiated Sertoli cell tumor with tubular structures
resembling seminiferous tubules.

Figure 6.62
A less well-differentiated clinically malignant Sertoli cell tumor.

Figure 6.63
Tumor cells with lipids in cytoplasm – the so-called lipid rich
variant of Sertoi cell tumor.

Figure 6.64
Sclerosing Sertoli cell tumor is a rare variant of this tumor type.

Figure 6.60
Gross appearance of a well-circumscribed Sertoli cell tumor.

Also adenomatoid tumors, extremely rare in the testis, can be
mistaken for SCTs. The cells of adenomatoid tumors react positively
immunohistochemically with cytokeratin and vimentin antibodies,
which Sertoli cells do as well (Table 6.23). However, SCTs also react
with inhibin (50%), CD99, and S-100 protein (30%), which adeno-
matoid tumors do not (Figure 6.65).
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It would be a tragic mix-up to mistake the malignant tubular type
of seminoma for a benign Sertoli cell tumor, whose cells are always
negative for PlAP, a specific marker of germ cells.

Morphology of malignant forms
Malignant SCTs differ from their benign counterpart mainly in size:
their diameter is on average �5 cm. Necrosis and hemorrhage are
also more frequent. Microscopically the cells show a marked nuclear
atypia and per high power field (objective 40	) the number of
mitoses is usually greater then 5 (Figure 6.62). Lymphovascular
invasion is common but not seen in all malignant cases.159,166

Cytogenetics
In the only analysis performed so far of eight cases, a gain of chro-
mosome X followed by loss of the entire or part of chromosome 2
was detected.168

Clinical features
The cardinal symptom is a mass described as ‘slowly enlarging’
(average 3.7 years!), causing pain in a minority of cases.159 The only
hormonal manifestation is gynecomastia present in one-third of
malignant SCTs,2 and in benign tumors, although not as frequent as
generally assumed (25% of cases).159 Feminizing symptoms169 were
observed in SCTs combined with Peutz–Jeghers syndrome, which is
an autosomal dominant disorder characterized by the association of
mucocutaneous pigmentation and multiple gastrointestinal hamar-
tomatous polyps and increased tumor risk.

Malignant SCTs metastasize to the retroperitoneal, inguinal, and
supraclavicular lymph nodes as well to the lung and bones.162

No specific therapy exists. Retroperitoneal lymph node dissection is
performed in cases in which the morphology is suggestive of malig-
nancy,170 but the benefits of this procedure are still unproven.

Large cell calcifying Sertoli cell
tumor (benign and malignant)

Epidemiology
So far about 60 cases of this new nosologic entity, first described in
1980,171 have been reported. Large cell calcifying Sertoli cell tumor
(LCCST) can occur in phenotypically normal men or associated
with hormonal or genetic disorders like Peutz–Jeghers and Carney
syndromes161 (Table 6.25). The tumor can arise at any age but
patients with benign LCCST are 17 years old on average (range 2–38
years), that is, younger than those with the malignant counterpart
who are on average 39 years old (range 28–74 years).172,173 Benign
tumors are multifocal and bilateral in 28% of cases, malignant ones
solitary and unilateral.172

Interestingly, LCCST is the only gonadal stroma tumor which has
never been described in the ovaries.

Morphology
Benign tumors are confined to the testis; malignant ones can extend
to the neighboring organs. Benign LCCSTs are small (0.8–2.3 cm)
whereas malignant ones have an average diameter of 5.4 cm (range
2–15 cm) and can replace the entire testicular parenchyma. Foci
of necrosis and hemorrhage are typical for the malignant LCCSTs.
The color varies from tan-white to yellow or gray; grossly apparent
calcifications are identified in benign as well as malignant tumors.

Large, irregularly shaped and confluent calcification, and even
ossification, is the microscopic hallmark (Figure 6.58), regardless of
the tumor’s biologic behavior (Figure 6.66). A typical tumor cell has
abundant eosinophilic cytoplasm and round nuclei (Figure 6.67),
more closely resembling the Leydig than the Sertoli cell – in fact, 
the true histogenetic origin has been revealed by electron micro-
scope analysis.174 The cells are arranged in solid nests or cords
embedded in a myxomatous stroma. Malign LCCSTs do not have a
different morphology with the exception of a brisk mitotic activ-
ity (4–14 mitoses/10 hpf). Even vascular invasion is not encoun-
tered in all cases. Thus, metastases are the only objective evidence
of malignancy. The extensive calcifications are so characteristic
that LSCCT can hardly ever be mistaken for another testicular
tumor.

Figure 6.65
Sertoli cell tumor: immunohistochemical reaction with 
-inhibin
antibodies.

Table 6.25 Large cell calcifying Sertoli cell tumor and
associated syndromes

Age (years) Benign average 17 (range 2–38)
Malignant average 39 (range 28–73)

Location Benign 28% bilateral and multifocal
Malignant unilateral and unifocal

In young patients in association with
Carney syndrome
Peutz–Jeghers syndrome
Gynecomastia
Tuberous sclerosis
Androgen insensitivity syndrome
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Clinical features
A testicular mass causing discomfort is the leading symptom in all
cases. In young patients, association with different genetic disorders
like Peutz–Jeghers syndrome, androgen insensitivity syndrome,
tuberous sclerosis, and gynecomastia is rather frequent. LCCST can
be a part of Carney syndrome,161 whose other characteristics are
skin pigmentation, endocrine overactivity (Cushing syndrome,
acromegaly), and multiple myxomas localized in the breast, skin,
and heart. Young patients with LSCCT, as well as their relatives,
consequently have to undergo cardiologic examination due to asso-
ciation with cardiac myxoma, which can cause a sudden death.

Malignant LCCSTs do not manifest associations with genetic dis-
orders. They spread to the retroperitoneal lymph nodes and also via
the bloodstream to bones, liver, and lungs. Retroperitoneal lymph
node dissection is a standard therapeutic procedure in the initial
stages. Radiation and chemotherapy have been used in non-
resectable cases with some benefit, but a specific therapy does not yet
exist.172

Granulosa cell tumor of 
adult type
Granulosa cell tumor of adult type is probably the rarest tumor aris-
ing in the testis, with only 21 cases reported to date.175 The youngest
patient was 16, the oldest 60 years old. The morphology does not
differ from those arising in the ovary. The tumor diameters range
from 0.7 to 13 cm; the color is yellow. The cut surface is lobulated
and small cysts can be present. Histologically the patterns are diffuse
(Figure 6.60) or microfollicular, with typical Call Exner bodies. The
cells have scanty cytoplasm and the nuclei are all grooved like coffee
beans (Figures 6.68 and 6.69).

Slow enlargement of the testis and, in 20%, gynecomastia are
important symptoms. Serum inhibin and anti-mullerian hormone
(AMH) can be elevated. In four cases (20%) intra-abdominal metas-
tases have been described. Morphologic criteria of malignancy are
unknown.

Figure 6.66
Large irregularly shaped calcification typical for large cell
calcifying Sertoli cell tumor.

Figure 6.67
The cells of the large cell calcifying Sertoli cell tumor more
closely resemble the Leydig than the Sertoli cell.

Figure 6.68
Overview of an adult type granulosa cell tumor with small cystic
spaces.

Figure 6.69
The typical cytomorphology of the granulosa cell tumors with
the grooved, coffee bean like nuclei.
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Granulosa cell tumor of 
juvenile type
The juvenile type is the most common testicular tumor in the first 6
months of life and accounts for 6% of all prepubertal testicular
tumors.176,177 The cut surface of the tumor is microcystic. Micro-
scopically, the cysts are lined by cells resembling granulosa cells
(Figure 6.70). Among the cysts, tubules with proliferated Sertoli cells
form bizarre structures (Figure 6.71). The high mitotic count can
erroneously suggest malignancy. Because of the age of the patients
and, to a lesser degree, because of similarities, the tumor is confused
with the yolk sac tumor; this can be a tragic mistake, since the juve-
nile granulosa tumor is absolutely benign and does not require any
therapy other than simple surgical enucleation.177

In 30% of cases, the tumor is located in an intraabdominal cryp-
torchid testis and 20% of children have ambiguous genital organs.
In such cases numerical aberrations of the XY chromosomes
(mosaic 45X/46XY) or structural anomalies of Y chromosome176,177

were described.

Thecoma – fibroma type tumors
The 25 known cases2,179 were observed in men in their fourth to fifth
decade. The tumors are firm, white, and well circumscribed. The
spindle cells resemble fibroblasts with respect to the structure of the
ovary’s cortical area. Malignant cases are unknown.

Mixed forms and incompletely
differentiated gonadal 
stroma tumors
Mixed tumors usually contain well-differentiated Leydig cells and
less-differentiated Sertoli cells (Figure 6.72), but combinations with
granulosa cells also occur. The incompletely differentiated cells
consist of spindle or more epitheloid cells and can contain some
differentiated elements (Figure 6.73). Single cells can react with
inhibin, but usually they are positive only for smooth muscle actin
and S-100 protein.180,181 The classical cytopathologic hallmark of
malignancy can be missed even in metastasizing cases, but large size
is an important predictor.

Patient age ranges from 6 months to 60 years.59.Few cases have
presented with gynecomastia. In childhood the tumors are perfectly
benign, whereas one-qutarter of tumors in adults metastasized to
the retroperitoneal lymph nodes and/or abdominal organs.Figure 6.70

Juvenile granulosa cell tumor with follicle-like cysts lined by
cells resembling granulosa cells.

Figure 6.71
Juvenile granulosa cell tumor: tubules with proliferated Sertoli
cells form bizarre structures.

Figure 6.72
Mixed gonadal stroma tumor containing well-differentiated
Leydig cells and less differentiated Sertoli cells.
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Mixed germ cell/sex cord/
stromal tumor
Two types of tumors which are composed of a mixture of germ and
gonadal stroma cells can arise in the testis. The most common is
gonadoblastoma, which was described by Scully in 1953182 and
affects only dysgenetic gonads. The other one, first observed in the
ovary,183 used to be simply called ‘mixed germ cell sex cord–stromal
tumor’ and is not related to intersexuality. This tumor has been
questioned by some authors,184 who considered the germ cells to be
entrapped in a stromal tumor and not a genuine part of it. But new
studies of further cases185 dissipated all doubts about the existence of
this rare entity, which actually was first described in 1912 by the
famous French pathologist Masson (Paris/Montreal) under the
name ‘Pflügeroma’.186

Gonadoblastoma

Epidemiology
Gonadoblastoma arises more commonly in individuals who are
phenotypically female (80%) than in those who are phenotypically
men.187 In a series of 98 testicular tumors affecting children younger
than 12, gonadoblastoma was diagnosed in two cases (2%).188 More
than 90% of these tumors are diagnosed in the first three decades of
life. Affliction of both gonads is common (30–40%).

Morphology
The tumors have a yellow cut surface and in one-quarter of cases
can be detected only microscopically. On the other hand, large tumors
(Ø �8 cm) replacing the entire testicular parenchyma are also not
uncommon. The histology is unique with small nests of seminoma
and, alternatively (Figure 6.74), but more rarely, embryonal carci-
noma cells, which are wreath-like, surrounded by Sertoli and granu-
losa cells. Leydig cells may also be present. Immunohistochemically

staining the germ cells with PlAP or vice versa of the stromal cells
with inhibin confers on these formations a richly contrasting
appearance (Figure 6.75). The center of the nests can contain 
hyaline nodules, which can calcify and give the tumor a gritty 
consistency.

In case the tumor is not removed in time, the germ cell compo-
nent will overgrow the stromal cells and an overt seminoma or,
rarely (8%), a NSGCT will develop.

Cytogenetics
Gonadoblastoma arises only in intersex patients with a Y chromo-
some. The candidate gene TSPY (testis-specific-protein-Y) is located
in the pericentromeric region of the short arm (Yp11.1-Yp11.2).
TSPY protein is normally expressed in spermatogonia but also
IGCNU, seminoma, and prostate cancer.189 TSPY protein can be
detected in gonadoblastoma immunohistochemically.

Figure 6.73
Incompletely differentiated gonadal stroma tumors consist of
spindled or more epitheloid cells.

Figure 6.74
Overview of gonadoblastoma: the large seminoma cells are
surrounded by small indifferent stromal cells. Hyalinization and
conspicuous calcification are the hallmarks of this tumor.

Figure 6.75
Gonadoblastoma: inhibin stained Sertoli cells (brown)
surrounding typical seminoma cells with clear cytoplasm.
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Clinical features
The highest risk for gonadoblastoma is in patients with gonadal 
dysgenesis (46XY,46X/46XY) with intra-abdominal dysgenetic
testes and/or streaks.189 Also belonging to the same high-risk group
are patients with partial androgen insensitivity syndrome with non-
scrotal testes and those with Fraiser and Denys–Drash syn-
drome.190,191 Both syndromes are characterized by gonadal
dysgenesis and glomerular diseases of the kidney, because of 
different mutations of WT1 (Wilms tumor) suppressor gene, 
which is involved in the development of the gonads. Patients 
with Turner syndrome (Y�) and complete androgen insensitivity
syndrome have a lower or intermediate degree of risk. In high-
risk patients prophylactic gonadectomy is required. Surveillance or
irradiation can be adopted for the patient with a minor degree of
risk.

In case the neoplastic germ cells (seminoma, embryonal 
carcinoma) have already overgrown the gonadal stroma 
components, therapy follows the standard protocols for germ 
cell tumors.

Germ cell sex cord/gonadal
stromal tumor, unclassified
This is the official WHO name for mixed germ cell and gonadal stro-
mal tumors which arise in geno- and phenol-typical normal adult
male individuals. Since only a few cases have been reported to
date,185 our knowledge is limited. The reported tumors presented as
slow growing testicular masses with a diameter up to 7 cm. The
tumors are well-circumscribed white masses, which can totally
replace the testicular parenchyma.

The tumors consist of germ cells with clear cytoplasm, which are
dissimilar from those of seminomas or embryonal carcinomas.
These cells are arranged in small clusters surrounded by the pre-
dominant stromal component with inhibin-positive small, indiffer-
ent, often spindled cells. Germ cells do not react with the classical
markers PlAP and c-kit.

The simultaneous occurrence of a germ cell tumor and a stromal
tumor in the unilateral testis is an extremely rare event and is a pure
coincidence without any common genetic or oncogenetic background.
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This major subgroup of the WHO 2004 classification2 includes
various tumors of mostly unknown histogenesis.

Carcinoid
Carcinoids arising in teratoma are classified as ‘teratomas with
somatic type malignancies’. In case remnants of a germ cell tumor
cannot be detected, it should be diagnosed as a distinct entity. More-
over, gut carcinoids can metastasize to the testis.

Epidemiology
From the 80 well documented cases of testicular carcinoid observed,
19 (24%) were associated with teratoma.192 They account for 0.2–1%
of all tumors of the testis in the various statistics. Patients’ ages
ranged from 19 to 83 years.

Morphology
The tumors measure 0.5–14 cm and the color is yellow to tan and
the cut surface solid. The typical carcinoid cells are arranged in a
so-called insular growth pattern, which means islets of tumor cells
are surrounded by thin fibrous septa (Figure 6.76). Tumor cells are
immunoreactive for the classical neuroendocrine markers (NSE -
neuron-specific enolase, chromogranin A, synaptophysin) as well as
for the specific peptide hormones produced by carcinoids (gastrin,
serotonin, etc.).

Clinical features
At the initial examination, patients present with a testicular mass
with or without associated pain. A small number (11%) suffer from
carcinoid syndrome caused by hyperserotonemia (‘flush syndrome’).
Prognosis after surgery is excellent except in the rare cases (13%)
with metastases, which have a poor outcome.

To rule out the possibility of metastasis resulting from an extra-
testicular primary carcinoid, thorough postoperative whole-body
surveys with imaging devices are essential.

Tumors of ovarian (Müllerian)
epithelial types
The entire spectrum of ovarian epithelial tumors has also been
described in the testis (Table 6.1). They can originate from the appen-
dix testis, which is a Müllerian rest, or from a so-called Müllerian

metaplasia of the tunica vaginalis testis.193 They are obviously rare;
the most frequent with about 40 reported cases, are the serous
tumors, followed by the mucinous with 15 reports.194–196 The majority
of the reported tumors were located somewhere in the epididymo-
testicular groove.197 In the past, such tumors have been reported as
‘adenocarcinoma of the appendix testis’ and sometimes were even
confused with mesotheliomas of the testicular tunics.

Epidemiology
Ovarian epithelial type tumors of the testis arise in adults with an
average age of 55, in the ranges of 14–77 years for the serous and
11–69 years for the mucinous types.

Part 6
Miscellaneous tumors of the testis

Figure 6.76
(A) Testicular carcinoid with the typical ‘insular’ growth pattern.
(B) Grimelius stain of intratesticular carcinoid.
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Morphology
Benign and borderline tumors are cystic; carcinomas tend to be
firm. Depending on the lining epithelium, the cysts contain either a
serous fluid or a gelatinous material. In serous tumors the epithelia
form small papillae protruding in the lumen (Figure 6.77).

Serous cystadenomas and cystadenocarcinomas are lined by a
columnar, frequently ciliated epithelium which is bland in benign
tumors and more atypical with a variable amount of mitotic figures
in borderline lesions (Figure 6.78). Papillae and psammoma bodies
are typical for serous differentiation. Invasion of the capsule could
be a sign of malignancy, as in the ovarian counterpart.

Mucinous cystadenomas are lined by columnar cells with basally
situated nuclei. Borderline tumors and mucinous cystadenocarci-
nomas are lined by intestinal-type cells, which produce large
amounts of mucin (Figure 6.79). Extravasated mucin and dys-
trophic calcifications are further hallmarks of borderline or
malignant cases.

Other tumors reported in the literature were: one endometrioid
carcinoma, one clear cell carcinoma, one squamous carcinoma and
four Brenner tumors.138

Müllerian tumors are not easy to distinguish from mesothelioma
of the testicular tunics (Table 6.26). The epithelia of the serous
tumors are immunoreactive for CA 125 and c-kit (CD117), those of
the mucinous tumors for CEA and cytokeratin 20. Mesothelia react
with cytokeratin antibodies but not with CEA and c-kit.

Distinguishing them from testicular teratoma is easier because
of the anatomic tumor location and lack of other tissue 
components.

Clinical course
Swelling, palpable mass, and associated hydrocele are the main
symptoms. Ca 125 in serum can be elevated. Surgically removed

Figure 6.77
A part of an ovarian type cystadenoma of the paratesticular
region.

Figure 6.78
Typical papillary structure with columnar epithelium of a
paratesticular ovarian type cystadenoma.

Figure 6.79
Mucinous cystadenoma borderline.

Table 6.26 Differences between ovarian type
cystadenomas/cystadenocarcinomas and mesothelioma
of the tunica vaginalis testis

Mesothelioma Ovarian type
tumors

CK7�/CK20� ~70% 100%
CEA 0% 100%
Cells cuboidal cylindric
Cilia 0 present
Psammoma bodies rare frequent
Hydrocele �90% rare
Asbestos exposure 25–50% 0%
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borderline serous and mucinous tumors have a favorable prognosis.
Cystadenocarcinomas of both types can recur and metastasize and/or
show a peritoneal spread, as in their counterparts in the ovaries.193–195

Nephroblastoma
Nephroblastoma (Wilms tumor) can arise in testicular teratomas or
intrascrotally in heterotopic renal anlage. Clinically they behave like
kidney tumors; they also require the same special treatment.

Lymphoma and plasmacytoma
The isolated manifestations of lymphatic malignancies in the testis
without generalized nodal manifestation are called primary testicu-
lar lymphomas and/or plasmacytomas.

Epidemiology
Lymphomas are the most frequent testicular tumors in men older
then 50. Children, usually between the ages of 3 and 10, are affected
less frequently. In large series lymphomas account for up to 7% of all
testicular tumors or for 1–2% of all non-Hodgkin-lymphomas
(NHLs).198 In one-third of cases the manifestation is bilateral. The
spread to the adjacent epididymis or spermatic cord is a common
occurrence; primary lymphomas in this location are, on the other
hand, very rare.

Plasmacytomas are not that common, with only 51 cases
described and a wide age range (26–89 years). According to the lit-
erature,199 a genuine primary testicular manifestation has been
observed in only six cases; all other reports describe the rare testicu-
lar manifestation of a bone morrow tumor.

Neither in the series of the Armed Forces Institute of Pathology
nor of the British Testicular Tumour Registry, nor in the series of the
International Extranodal Lymphoma Study Group has a single case
of Hodgkin disease of the testis been observed.198,200,201

Morphology
Lymphomas are bulky, fleshy, whitish-gray or pink colored tumors
with yellow necrotic areas (Figure 6.80). In contrast to the quite
similar seminomas, lymphatic tumors infiltrate the adjacent epi-
didymis (60%) and/or spermatic cord (40%). Plasmacytomas are
not fleshy but can be soft and tan to tan-white with hemorrhagic
areas.

Lymphoma and plasmocytoma cells spread intertubularly in the
interstitium of the testicular parenchyma (Figures 6.81, 6.82). Some
few seminiferous tubules are always more or less well preserved;
others are invaded by the tumor cells. Diffuse sclerosis is a common
finding.

More than 80% of NHLs belong to the diffuse large B cell type with
or without sclerosis.198,202 Other types of the B lineage are follicular,
mantle cell, and Burkitt type lymphomas. Nine cases of natural killer
(NK)/T cell lymphomas which are typical for the facial area (‘nasal type’)
affecting the testis have been reported,203 but in one other series
including 2687 NHL cases, 11% were of T (not otherwise specified)
immunophenotype.202

Testicular lymphomas can rarely be mistaken for germ cell
tumors. Nevertheless it happens that lymphomas are confused with
spermatocytic seminomas, classic seminomas, and even embryonal
carcinomas. The age of the lymphoma patients and the intertubular
spread (Figure 6.81 and 6.82) of the tumor cells would be two
absolutely atypical features for TGCT. If necessary, the use of
immunohistochemical markers of lymphatic cells helps with the
clarity of the diagnosis.

Clinical features
Unilateral or bilateral rapidly enlarging testes in elderly men invari-
ably raise the suspicion of lymphoma. The patients do not have B

Figure 6.80
Gross appearance of a primary lymphoma of the testis.

Figure 6.81
Intertubular spread of a diffuse large B cell lymphoma of the
testis.
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type symptoms and more than half are in Ann-Arbor stage I or II.
After generalization the lymph node, the bone marrow, and, quite
uncommonly, the skin and the CNS are affected. The strange rela-
tionship to the CNS remains preserved even after therapy because
15% of recurrences first affect the brain.198 A combination of
orchidectomy and chemotherapy is the standard therapy but the
prognosis is poor: the median overall survival for large B cell lym-
phomas is less than 5 years,198 the overall 5-year survival rate for all
types of lymphomas is 17%.202 The prognosis of plasmacytoma is
even worse: median survival is 12 months.199

Leukemia
Post-mortem studies of leukemia cases showed an infiltration in
64% and 22% of cases with respectively acute and chronic
leukemia.204 In contrast, only 5% of living leukemia patients present
a testicular enlargement. In children with acute leukemia, regardless
whether myeloic or lymphocytic, the testis is more frequently
affected; especially after therapy, one-third of relapses occur in the
testis.205 Extramedullary myeloid tumors (granulocytic sarcoma,
chloroma) can also appear as a first clinical manifestation in the
testis.206

The appearance to the naked eye and the intertubular spread of
the leukemia cells are not different from lymphoma. The phenotyp-
ization of the cells can be tricky in case the disease is clinically
unknown. The appearance of eosinophilic granulocytes is very char-
acteristic for myeloic leukemia.

Tumors of collecting ducts 
and rete testis
The deep part of the rete testis – the tubuli recti – connects the two
ends of the seminiferous tubule loops to the rete testis, whose channels
lead to the ductuli efferentes in the caput epididymis. The channels

are lined by ciliated columnar epithelium. The anatomy is the clue
to the diagnosis of tumors of the collecting ducts – they must have
an anatomic relationship to this small area, which is not always easy
to prove.

Adenoma
Six cases of adenoma, cystadenoma, and papillary cystadenoma have
been reported.207 One case has been called sertoliform adenoma
because the tumor cells were more similar to Sertoli cells than the
cuboidal epithelium of the rete testis. Actually, only the location dis-
tinguishes rete adenomas from tumors of the epididymis or from a
Sertoli cell tumor.193,207 The so-called hyperplasia of rete testis
encountered in cryptorchid testes and in other diseases can mimic
an adenoma, the lesion, however, shows a clear continuity with the
rete.193

Adenocarcinoma of rete testis

Epidemiology
To date, 60 cases of rete testis carcinoma have been published but
probably many of these cases do not fulfill the strict diagnostic crite-
ria required for true rete testis adenocarcinoma.208–210 Age range is 17
to 91 years with a mean of 54.4 years and a peak incidence around
the 70s. Tumors are never bilateral.

Morphology
The diameter of the described tumors ranges from 1 to 12 cm; many
are multifocal and/or extending to the tunica and to the spermatic
cord. Two main types of adenocarcinoma of the rete testis can 
be distinguished grossly and microscopically. The solid lesions 
(Figure 6.74) tend to be firm and rubbery, usually show a whitish
cut surface, and characteristically penetrate the testis and surround-
ing structures. Cystic lesions recall papillary serous cystadenocarci-
nomas arising in the ovary and peritoneum, and they can also be
multiloculated.

The morphologic criteria required for a correct diagnosis include
involvement of testicular mediastinum, transition from normal rete
testis epithelium to neoplasia, intact parietal tunica vaginalis, and
absence of any other primary tumor (Table 6.27). Unfortunately this
diagnosis is very popular and is often made erroneously, especially
in cases of less well-differentiated gonadal stromal tumors which
form gland-like structures. Cytokeratin immunohistochemistry 
is not very helpful because cells of stromal tumors can also stain
positively.

Clinical features
Scrotal mass, in some patients present for several years, is the pre-
senting sign in 80% of patients. About 20% feel discomfort and pain

Figure 6.82
Plasmocytoma of the testis – an extremely rare testicular
malignancy.
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and in 30% the tumor is associated with hydrocele. In one-quarter
of patients lumbar and hip pain or other systemic symptoms are
caused by metastases.

The standard therapy is orchidectomy followed by retroperi-
toneal lymph node dissection, chemotherapy, radiotherapy, and a
combination of these. Only lymph node dissection seems to be of
some benefit; the value of chemotherapy is questionable and radio-
therapy does not have any positive effect. The tumor spreads to the
retroperitoneal lymph nodes in three-quarters and hematogenous
to the lung in about one-half of cases. Other more commonly
involved organs are bone, liver, and skin. The prognosis is poor with
an overall 5-year survival rate of 13%. A significant prognostic fac-
tor is the size of the tumor; 75% of patients with tumors �5 cm sur-
vive the 5-year limit. The survival rate in tumors �5 cm is 0%!
Adenocarcinoma of rete testis is likely to be one of the most malig-
nant carcinomas in men.

Testicular metastases
It is rather surprising that men dying of widespread cancer only
rarely have metastases in the testes. In post-mortem studies the fre-
quency varies from 0.06 to 3.6%.211–213 In orchidectomy specimens
metastases are more frequent, however in the epididymis rather
then in the testis; the figures of the British Testicular Tumour Panel
and Registry were 4.5% and 0.9%, respectively.1 The highest fre-
quencies (6%) were shown in therapeutic orchidectomies in
prostate cancer, which, however, are no longer a therapeutic proce-
dure in this disease.214 Other tumors which tend to metastasize to the
testis are: bronchus carcinoma, melanoma, intestinal carcinomas,
Merkel cell tumor, and kidney cancer (Table 6.28). Numerous case
reports document, however, that any tumor can sporadically metas-
tasize to the testis.

Metastases appear as single or multiple nodules. The microscopic
spread is intertubular as in lymphomas, but invasion of the tubules
is possible (Figure 6.83). Typical cancer cells are seen in the lumen of
the blood vessels.

Rare testicular tumors
Unusual tumors of the testis are always suspected to be secondary
and not primary. Nevertheless, cases of mainly soft tissue primary
tumors arising in the testis are reported sporadically in the medical
literature. Since soft tissue is ubiquitous, its tumors can also appear
in any part of the body. Fibromas of the tunica albuginea and
hemangioma are the typical benign tumors in this location.197,215,216

Sporadically different kinds of sarcomas including osteo- and chon-
drosarcomas217,218 have been reported. Angiosarcoma can be primary219

or the consequence of radiochemotherapy of TGCTs.220 Even an epi-
dermoid carcinoma developed in an epidermoid cyst has been
reported.221

One should keep in mind that every ‘primary’ sarcoma can
develop from a testicular teratoma, but the origin is absolutely irrel-
evant for the therapy, which has to be tailored to the different sar-
coma types.

Table 6.27 Morphologic criteria required for a correct
diagnosis of rete testis carcinoma

■ Involvement of testicular mediastinum
■ Transition from normal rete testis epithelium to neoplasia
■ Intact parietal tunica vaginalis
■ Absence of any other primary tumor

Table 6.28 Testis metastases – the most frequent
sites (%) of the primary tumors*

Prostate 35–60
Lung 5–15
Melanoma 9–15
Colon 5–9
Kidney 5–9
Stomach 4
Miscellaneous 1–10

*Range from different studies.

Figure 6.83
(A): Testicular metastasis of a carcinoid. (B): Epididymal
metastasis of a urothelial bladder carcinoma.
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Epithelial tumors of 
the epididymis

Papillary cystadenoma of
the epididymis
Papillary cystadenoma is a cystic tumor reaching the size of 5 cm in
diameter. The cysts are lined by columnar cells with water-clear,
glycogen-rich cytoplasm. The cells form papillae protruding in the
lumen of the cysts filled with a colloid-like fluid (Figure 6.84).

Affected men seek help because of sterility due to obstructive
azoospermia.222 The tumor is rather common (18%) in men suffering
from the Hippel–Lindau diseases, but it is extremely rare in sporadic
cases in non-genetically stigmatized men.223 Mutations of VHL gene
(3p25–26) in tumors were, however, also found in sporadic cases.223

Adenocarcinoma of the epididymis
Adenocarcinomas of the epididymis also have a tubulo-papillary
structure and clear cells like the adenomas, but they probably belong
(with 10 plausible reported cases, age range 27–82 years) to the
rarest malignancies of men.224

Adenomatoid tumor
Synonym: benign mesothelioma of the genital tract

Adenomatoid tumors are benign proliferations of mesothelial origin.
Most reported cases arise from the epididymis; rare cases have been
reported in the testicular tunica, spermatic cord, ejaculatory ducts,
prostate, and suprarenal recess. Intratesticular localization is rare.
Adenomatoid tumors occur in both sexes and are also found in the
uterus, ovary, and fallopian tubes of the female genital tract.

Epidemiology
Adenomatoid tumor accounts for approximately 30% of all parates-
ticular neoplasms and is the second most common tumor after

lipoma in this location.225,226 It occurs in men with a wide range of
ages, with a peak incidence between 20 and 50 years.

Morphology
Spherical tumors are markedly firm and whitish-yellow colored.
The tumor size varies from a few millimeters up to 5 cm. The
cuboidal tumor cells with intracytoplasmic vacuoles grow in solid
cords or form pseudo-glandular structures which can be mistaken
for hemangioma or even for a Sertoli cell tumor (Figure 6.86). Like
all mesothelia the tumor cells are immunoreactive for all types of
cytokeratin antibodies, calretinin, and vimentin (Figure 6.86).

Figure 6.84
Papillary adenoma of the epididymis: the tumor cells show
typical clear water cytoplasm.

Figure 6.85
Adenomatoid tumor of the epididymis with gland-like structure
lined by columnar or flattened cuboidal cells resembling
epithelia.

Figure 6.86
Tumor cells positively stained with calretinin, which is a marker
of mesothelia. Adenomatoid tumor has also been called ‘benign
mesothelioma of the urogenital tract’.
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Clinical course
Patients feel a painless intrascrotal nodule. The tumor is without
exception benign and does not relapse.

Mesothelioma of the tunica
vaginalis testis
Mesothelioma derives from mesothelia, the cells that line the serous
cavities. Irrespective of the primary location, there is a well-documented
association with asbestos exposure and with exceptionally poor
prognoses.227

The WHO 2004 classification2 of the mesotheliomas of the tunica
vaginalis testis distinguishes between benign and malignant types;
the benign form is further subdivided into papillary and cystic types,
respectively. However, a clear-cut distinction and, even more, the
prediction of the biological behavior are not always possible.

Epidemiology
According to the more than 100 case reports, mesothelioma of the
tunica vaginalis testis is an extremely rare tumor. This is quite true.
However, all testicular tumors are rare and in urologic centers
mesotheliomas of the tunics are likely to be more frequent than
other paratesticular tumors with the exception of adenomatoid
tumors.

In Japan a total of 1846 (0.17%) malignant mesothelioma cases
were registered among 1 056 259 autopsy cases. Of these, 68.0%
were pleural mesothelioma, 24.1% peritoneal, 6.1% pericardial, and
0.3% (6 cases) located in the tunica vaginalis testis (1.6% of
unknown location).228

Malignant mesothelioma of the tunica vaginalis testis can arise at
any age; the range of the reported cases was 7 to 87 years. Almost half
(47.1%), however, arose in men aged 55 to 75, but 10%229 of patients
are younger than 20.

Exposure to asbestos was confirmed in 34.2% of patients with
tunics mesothelioma, but some authors argue the prevalence of
exposition should be rather higher, because only in half the reported
cases was there evidence of possible exposure. The higher incidence
in elderly patients could be explained by a long exposure to asbestos,
which is necessary for the tumor genesis.230

Analysis of old case reports is difficult because in the early 1950s
many mesotheliomas and ovarian type cystadenomas were pub-
lished under a variety of names, e.g. adenocarcinoma and/or clear
cell carcinoma of the appendix testis.

Morphology
Most of the mesotheliomas of the tunica vaginalis present as a
papillary exophytic in the lumen of a hydrocele sac growing
tumor. The other variant shows only a more or less pronounced
thickening of the tunica vaginalis with formation of small nodules
(Figures 6.87, 6.88). The tumor is generally accompanied by a
hydrocele, the sac of which is filled with a hemorrhagically tinged
fluid.

Generally there are three types of mesotheliomas: the epithelial,
the fibrous or sarcomatous, and a mixture of these two types, the
biphasic type. In the tunica vaginalis the epithelial type accounts for
60.8% and the biphasic type for 37.3%, respectively. Until now, only
one sarcomatous case has been reported,231 but many other cases
were probably misinterpreted as fibrosarcoma or other spindle cell
malignancies. In the pre-immunohistochemical era only electron
microscopy was capable of revealing the mesothelial origin of such
tumors.232

Even so-called benign papillary mesotheliomas show the invasion
of the wall of the tunic in one-quarter of cases, and another fifth
infiltrate to the testis. The only really benign mesothelioma is the
cystic type, which consists of a multilocular cyst lined by mesothelia.
However, this tumor has been described only twice in this loca-
tion.233

Benign reactive mesothelial proliferations in hydroceles may look
histologically worrisome and are one of the main differential diag-
noses.234 Such proliferations are nonetheless circumscribed, never

Figure 6.87
Tubular epithelial mesothelioma in the thickened tunica
vaginalis.

Figure 6.88
Papillary mesothelioma of the tunica vaginalis testis.
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macroscopically visible, and always accidentally microscopically dis-
covered in the wall of a resected hydrocele. Mesotheliomas, on the
other hand, are always macroscopically visible.

As already mentioned, epithelial mesotheliomas can also be mis-
taken for ovarian type cystadenomas or carcinomas, which, however,
have another anatomic location and a different immunophenotype.

Cytogenetics
The commonly (80%) aneuploid tumors show characteristic losses of
chromosomes 9p, 22q, 4p, 4q, 14q, and 1p, and gains of 8q and 1q.235

Tumor spread
The tumor spreads locally but after local recurrence more than 80%
have disseminated tumor progression. Lymph nodes are involved in
about 24%, the lungs in 10%, and the liver in 5% of cases. Other
described sites of metastases are pleura, colon, spleen, mesentery,
omentum, and mediastinum.

Clinical features
Symptomatic hydrocele is the main symptom observed in more
than half of the cases. In a further third of cases a palpable lump sug-
gests the diagnosis of a tumor. The symptoms can also mimic epi-
didymitis, scrotal hernia, spermatocele, and trauma.229 Cytology of
hydrocele fluid is only rarely diagnostic. In almost all cases, diagno-
sis is made during hydrocele surgery. Hemorrhagic fluid, a thicken-
ing of the tunica, or an overt papillary tumor raise the suspicion of it
being more than a harmless hydrocele.

After surgical therapy, adjuvant chemotherapy or adjuvant radio-
therapy, or a combination of both, has been used in the past with
poor results. Patients with radical orchidectomy have a lower num-
ber of recurrences (14%) than those with local tumor resection
(35%). Some few patients with localized disease have survived for
more than 10 years, but the majority died within 5 years after diag-
nosis, with a median survival of approximately 23 months.236 Local-
ized disease and patient age below 60 are markers of a favorable
outcome.229

Melanotic neuroectodermal
tumor of infancy
Synonyms: congenital melanocarcinoma, retinal anlage tumor,
pigmented congenital epulis, melanotic progonoma

Melanotic neuroectodermal tumor of infancy (MNTI) is a rare neo-
plasm with about 350 cases reported since the first description in
1918.237 Most commonly, the lesion affects the maxilla of infants
during the first year of life, but it may also occur in the mandible,
skull, brain, epididymis, and other rare locations. To date, 20 cases
have been described in the epididymis and 1 in the testis of a 17-year
old man, where MTNI was the predominant part of a teratoma.238

The other patients were all younger than 10 years (range 4 months to
8 years).

The tumor is circumscribed and cream-colored with black spots.
It is composed of mainly two cell types: small immature neuroblast-
like cells and large columnar or cuboidal epithelial-like cells with or
without melanin granules. In amelanotic cells melanin can be made
visible with special stains (Masson Fontana stain).

Clinically, hydrocele can accompany the palpable tumor.238 In
some cases elevated values of AFP in serum, and vanilmandelic and
homovanilic acid in urine, can be detected. To date lymph node
metastases have been described in three cases.

Desmoplastic small round 
cell tumor
Desmoplastic small round cell tumor is a rare, primarily intra-
abdominal tumor that has a poor outcome with current therapies.
There have until now been 10 cases located either in the tunica vagi-
nalis or in the recess between the rete testis and epididymis.239 The
tumor is firm and tan. Microscopically the tumor consists of the
typical ‘small round blue’ cells which means that they have a promi-
nent round nucleus with finely dispersed chromatin and a small rim
of cytoplasm (Figure 6.89). Tumor cell nests are surrounded by
desmoplastic stroma. There is a distinctive immunophenotype, specif-
ically positive for keratin, vimentin, desmin, and neuron-specific
enolase, as well as a characteristic chromosomal abnormality, the
EWS/WT-1 fusion transcript t(11,22)(p13,q12).

The tumor metastasizes intra-abdominally and to the lung. It
shows a certain degree of chemosensitivity but, despite aggressive
treatments, survival rates remain low.

Soft tissue tumors of the
spermatic cord
Theoretically any kind of soft tissue tumor can arise in the spermatic
cord; nevertheless, they are rare in this anatomic location. Lipomas,

Figure 6.89
Desmoplastic small round cell tumor of the testis; the typical
small, round, and blue cells are surrounded by a desmoplastic
stroma (by courtesy of Prof Ferran Algaba, Barcelona).
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leiomyomas, hem- and lymphangiomas as well as, less frequently,
neurofibromas are benign tumors encountered in this region. Lipo-
and leiomyosarcomas are the malignant counterpart affecting adult
men (Figures 6.90, 6.91).

Of juvenile rhabdomyosarcomas, 25% (average age 6.6 years) arise
in this location.240 The spindle cell type in particular has a predilec-
tion for the paratesticular region; 38% of them are located here.

Aggressive angiomyxoma is a rare, locally infiltrative tumor usually
arising in the pelvic and perineal soft tissues of young women.
Nevertheless, 39 cases involving scrotum, spermatic cord, inguinal
region, and perineum of men have recently been described.241

Aggressive angiomyxoma has a high rate of local recurrence because
of its infiltrative growth and anatomic location, making complete
excision with wide margins difficult.

Tumor-like lesions
Many non-neoplastic lesions can cause a mass in the scrotum or tes-
ticular swelling and have gross and, rarely, also microscopic features
simulating a neoplasia (Table 6.29).

Ectopic adrenal tissue appears in the form of small yellow nodules
(Figure 6.92) which can be found somewhere along the spermatic
cord (Figure 6.82), epididymis, rete testis, and tunica albuginea in
10%.242

Cysts of the tunica albuginea are lined by mesothelia and often
diagnosed by ultrasound.

Cystic dysplasia of the rete testis is a very rare cause of a pediatric
scrotal mass, often associated with renal and other genitourinary
tract anomalies. The lesion consists of multiple, anastomosing,
irregular cystic spaces of varying sizes and shapes predominantly
located in the region of the rete testis. The cysts can enlarge and
displace the testicular parenchyma.243

Nodular precocious maturation – testotoxicosis is a form of male
sexual precocity characterized by active Leydig cell differentiation
and premature onset of spermatogenesis in the absence of pitu-
itary gonadotropin stimulation (Figure 6.93). Testes show a dif-
fuse or nodular enlargement due to Leydig cell maturation and
proliferation.244

Figure 6.90
Gross appearance of an atypical lipoma of the spermatic cord.

Figure 6.91
Malignant fibrous histiocytoma of the spermatic cord.

Table 6.29 Tumor-like lesions

Ectopic adrenal tissue
Cysts of the tunica albuginea
Cystic dysplasia of the rete testis
Nodular precocious maturation – testotoxicosis
Pseudogranulomatous orchitis
Malkoplakia
Fibromatous (nodular) periorchitis
Myxofibromatous inflammatory pseudotumor
Sclerosing lipogranuloma
Cholesterol granuloma
Infarcts and hematomas
Sperm granuloma of the epididymis and vas deferens
Vasitis and epididymitis nodosa
Splenogonadal fusion
Hepatogonadal fusion
Lipomatosis testis – Cowden disease

Figure 6.92
Small ectopic adrenal gland in the spermatic cord.
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Orchitis: due to the general symptoms of inflammation, orchitis
does not always simulate a tumor. But granulomatous forms with
slow onset, like syphilis or leprosy, which leads to fibrosis and
indurations of the organ, might be mistaken for neoplasia. In partic-
ular the so-called ‘idiopathic granulomatous orchitis’ is clinically
indistinguishable from a testicular tumor. It affects men in the 5th
and 6th decade with a history of urinary infection (Figure 6.94). The
testicular parenchyma is replaced by a tan-yellow mass which resem-
bles seminoma. Microscopically the more or less destroyed tubules
are filled with macrophages which give the lesion the appearance of a
granuloma.146 A special form is the ‘malkoplakia’, which is grossly not
very different from the pseudogranulomatous orchitis. Microscopically
the tissue is replaced by large epitheloid cells with eosinophilic cyto-
plasm containing sometimes targetoid basophilic inclusions called
Michaelis Gutman bodies (Figure 6.51).245, 246

Fibromatous (nodular) periorchitis is a benign reactive myofibro-
blastic proliferation, which, although extremely rare, is probably the
second most frequent benign paratesticular lesion after adenomatoid
tumor.247 The tumor presents as multiple fibrotic plaques with a

diameter of 0.5–8 cm, or as true stony nodules, which can detach and
lie free as ‘corpora libera’ in the tunica vaginalis (Figure 6.95). Micro-
scopically the lesion consists of the ‘florid’ phase of proliferating fibro-
blasts, or myofibroblasts with scanty inflammatory cells. The nodules
are built of hyalinized collagen, sometimes with patchy calcifications.

The painless lesion can occur at any age, but only four cases have
been reported in men younger then 18 years.248 More than half of the
cases are associated with hydrocele and one-third have a history of
trauma or orchitis.

Myxofibromatous inflammatory pseudotumor has a very similar
morphology and probably both lesions only represent two extremes
of a broad morphologic spectrum of reactive, inflammatory tissue
reactions. It is hardly surprising that in the literature these lesions
are confused. Grossly the pseudo-tumor is similar to the nodular
periorchitis, but the histologic characteristic is a myxomatous pro-
liferation of myofibroblasts with inflammatory cells and a conspicu-
ous vascularization resembling granulation tissue (Figure 6.96).

Figure.6.93
Testotoxicosis: diffuse Leydig cell proliferation and maturation of
the seminiferous tubules in a 4-year-old boy with clinical signs of
sexual precocity (by courtesy of Professor Kurt W Schmid, Essen).

Figure 6.94
Granulomatous orchitis: tubules filled with macrophages give
the impression of granuloma.

Figure 6.95
A free-lying detached stony nodule (‘corpus liberum’) in the
tunica vaginalis.

Figure 6.96
Fibromatous periorchitis with proliferating fibroblast and scanty
inflammatory cells.
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Sclerosing lipogranuloma is a locally reactive process following
injury to adipose tissue. In some older cases, the lesion followed
lipid injection for enhancing the size of the genitalia,249 but in recent
cases the patient did not have a history of such therapy.250 Charac-
teristically, the lesion shows a broad coagulative and lytic necrosis
with many epithelioid granulomas, which contain multinucleated
giant cells of foreign body and Langhans’ types.

Cholesterol granuloma251 is a rare foreign body inflammatory
reaction of tunica vaginalis that may simulate an intrascrotal tumor
on physical examination, on ultrasound, and at operation. The
lesion can be caused by trauma or inflammation, since cholesterol
crystal deposits are often seen after purulent inflammation.

Infarcts and hematomas lead to sudden testicular swelling. The
cause of hemorrhagic infarction in young men is commonly a testic-
ular torsion. Hematomas are the consequence of trauma or of
vasculitis which can be localized in the testis or a manifestation of
generalized disease. Polyarteriitis nodosa and Wegener’s granulo-
matosis have been described in the testis, but the manifestation of
Henoch–Schonlein purpura in this organ seems to be the most com-
mon type of vasculitis in the testis.252

Sperm granuloma of the epididymis and vas deferens is a granulo-
matous reaction caused by the extravasation of sperm, which pro-
duces a painful intrascrotal nodule.253 The majority of such
granulomas are related to vasectomy and, thus, 90% are localized in
the vas deferens, the remaining 10% in the epididymis.

Vasitis and epididymitis nodosa is a lesion typical in men who have
undergone vasectomy. It is characterized microscopically by multi-
ple small ductules extending from the central lumen of the vas into
the muscle layers and adventitia (Figure 6.97).254 Localization in the
epididymis is uncommon.255 Caveat, the lesion can be mistaken for
adenocarcinoma!

Splenogonadal fusion is a fusion of the developing splenic anlage
and the gonadal mesoderm at approximately week 5 of intra-uterine
life. It commonly presents as a testicular mass treated with an
unnecessary orchidectomy. More than 120 cases of splenogonadal
fusion have been reported,256 in contrast to hepatogonadal fusion
which was observed in only two cases, although one of them was an
intra-abdominal testis attached to the lower lateral part of the right
lobe.257

Lipomatosis testis – Cowden disease – is a rare condition defined
by multiple hamartomatous growths and a high risk of cancer
development. The syndrome is inherited as an autosomal dominant
trait. The PTEN/MMAC1/TEP1 tumor suppressor gene on chro-
mosome 10q23.3 has proven to contain a germline mutation pre-
disposing for uncontrolled cell growth. Patients have hyperechoic
lesions in the ultrasound investigation. Microscopically, multiple
foci of fat tissue called lipomatosis testis have been found in testic-
ular interstitium.258

Handling and reporting surgical
specimens of testicular cancer
Once removed, the partial or radical orchidectomy specimen
should be immediately transferred to the pathology department,
preferably fresh. Although most molecular investigations can also
be carried out in paraffin-embedded material, fresh material
doubtless has certain advantages for this kind of investigation.
The urologist should not incise the specimen, due to possible con-
tamination of resection margins. In case immediate transfer is not
possible, the specimen should be placed in formalin to fix. Even in
such cases it is better not to incise the tunica albuginea, because
the testicular parenchyma everts due to the fixation and makes 
the gross assessment of the local relationship of the tumor 
difficult.259

The pathologist measures the length of the spermatic cord and
the long and short diameter of the testis. The resection margin from
the top of the spermatic cord is cut and put into a cassette for fur-
ther histologic processing. The specimen is then bivalved through
the testis and epididymis, enabling the pathologist to describe the
location, color, and consistency, and to measure the area of the
tumor. The presence or absence of invasion into the tunica albug-
inea, epididymis, and spermatic cord should be recorded. Then the
testis is sliced along its long axis parallel to the initial section at
about 3 mm intervals. The sampling of tumor tissue comprises at
least one block of tumor per cm of diameter (minimum 6 blocks).
In addition, samples of hemorrhagic areas, tumor edge with adja-
cent normal-appearing tissue, areas of tumor closest to tunic, rete,
epididymis, and cord should be submitted for histology.

The histologic report should include not only the diagnosis and
TNM stage. According to the presence or absence of morphologic
variables that affect prognosis, patients should be divided into low-
and high-risk groups (for exemple: Mixed germ cell tumor: embry-
onal carcinoma (80%) � yolk sac tumor (5%) � teratoma (15%) 2�
vascular invasion (pT2)� high-risk patient).

Lymphadenectomy specimens are also transported fresh or formalin-
fixed to the pathology lab. The number and dimension of lymph
nodes are recorded. The lymph nodes are sectioned along the long
axis and both halves processed.

Residual masses after chemotherapy are inked to assess the com-
pleteness of the resection and then sliced at 3 mm intervals. Blocks
of different macroscopic areas, or preferably the entire specimen, are
processed and investigated.

Testicular biopsies for IGCNU diagnosis should be put in forma-
lin, since immunohistochemical methods are based on formalin fix-
ation. Biopsy fixation in Bouin’s (or Steve’s, Davidson’s) fluid is,
however, mandatory for the investigation of infertility. For the
detection of atypical germ cell PSA or immunohistochemical stain-
ing, PIAP and CD 117 are recommended.

Figure 6.97
Vasitis nodosa: a peculiar ductular proliferation in the wall of
the vas deferens.
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Section 7
Squamous cell carcinoma of the penis

Antonio L Cubilla and Elsa F Velazquez

Definition
The mucosal surface of the penis extends from the preputial orifice
to the urethral meatus and comprises the three penile epithelial
compartments: foreskin inner surface, coronal sulcus, and glans.1,2

The vast majority of penile cancers are squamous cell carci-
noma (SCC) arising in the squamous epithelium of one of these
anatomic compartments.1,2 Primary cancers of the outer penile 
skin are extremely rare. We have identified only three cases after 
the examination of more than 1000 penectomy specimens with 
cancer. Distal urethral tumors are also unusual and in general dis-
cussed with urothelial cancers. Penile sarcomas and lymphomas are
exceptional.2

Epidemiology and etiology
Penile cancer is comparatively a rare disease with incidence rates in
the Western world in the range of 0.3–1.0/100 000, but there is great
variation among different countries.3 The incidence of penile SCC
varies from a high incidence in Uganda, Kenya, some regions of
tropical or subtropical South America, Circumpolar Inuit, and Asia
to a lower incidence in Northern Europe and the United States,
Japan north to Okinawa and Israel.4–7 A decreasing incidence of
penile cancer has been noted in several studies,8,9 but a recent
increase has been reported in some regions of Spain.10 The high fre-
quency of penile cancer has not changed in the rural population of
Paraguay in the last 50 years.

Comparing cases from the United States and Paraguay, we found
no geographic differences in the morphology and relative incidence
of histologic subtypes.11 Differences in geographic distribution of
penile cancers are attributed to environmental factors.12 Several 
epidemiologic studies indicate the following risk factors: socioeco-
nomic deprivation, poor hygiene habits, lack of access to running
water, phimosis, smegma retention, lack of circumcision, chronic
inflammation, history of tear or injury to the penis, physical inactiv-
ity, history of warts, ultraviolet irradiation, partner with cervical
cancer, immunosuppression, smoking, HPV and lichen sclerosus.13–17

Early circumcision appears to be associated with a lower incidence
of penile cancer when compared to later circumcision. Penile carci-
noma in circumcised men is very rare; however, it has been reported
in association with irregular scarring in patients undergoing ritual
vigorous circumcision. These post-circumcision penile SCCs appear
to be biologically aggressive.18 Socioeconomic differences among
patients with penile cancers were found to be small and not signifi-
cant in a Finnish study.19

There is a coexisting high incidence of penile and cervical cancers
in some areas of the world.20 However, pathologically penile cancers
are more similar to vulvar cancers.21 The overall prevalence of HPV
DNA in penile carcinoma (42%) is lower than in cervical carcinoma
(near 100%) and similar to vulvar carcinomas (approximately
50%). Specific histologic subtypes of penile cancer, basaloid and
warty, are consistently associated with HPV whereas the viral pres-
ence is unusual in the usual (common) type of SCC as well as in 
verrucous, papillary, and sarcomatoid carcinomas.22,23 These two
groups of tumors appear to develop along different pathogenetic
pathways. HPV 16 is the most common type of HPV associated with
penile cancer. There is, however, one Argentinian study in which the
subtype 18 was found to be the most prevalent.24 The prevalence of
HPV DNA in male partners of HPV-infected women is high (76%),
but pathologic HPV-associated lesions are unusual (13.5%). HPV
DNA is more frequently found in partners of women with cervical
intra-epithelial lesion (CIN) than in sporadic cases (59 vs 25%).25

HPV-related tumors are known to occur in HIV-infected
patients.26,27 A prospective study revealed that HPV-related anogenital
cancers (in situ and invasive), including penile cancers, were signif-
icantly more frequent in HIV-infected patients compared with the
expected number of cancers in the general population.27 A recent
report from Brazil found Epstein-Barr virus (EBV) DNA in 20 of 21
penile tumor samples, independently of histologic type.28

Clinical features
Overall, penile cancer affects males in the sixth decade (mean age is
60 years). HPV-related tumors such as warty and basaloid cancers
affect younger patients (45–55 years) and verrucous and pseudohy-
perplastic carcinomas occur at an older age (70–80 years).29 A recent
study from Nairobi showed a relatively young peak age of 47.9 years
for all penile cancers at the Kenyatta National Hospital.30

Patients with penile cancer usually consult with an exophytic
mass (Figure 7.1) or a flat ulcerated lesion (Figure 7.2). In our expe-
rience with rural Paraguayan patients, about 40% present with
inguinal lymph node metastasis and 10% with disseminated disease.
This high figure contrasts with a significantly lower incidence of
regional and systemic metastasis in North American patients (13
and 2.3%, respectively).31 In some patients, the primary tumors may
be subtle and characterized by an irregular erythematous lesion in
the glans. In phimotic patients, the primary tumor may be concealed
by the phimotic prepuce and regional metastases may be the pre-
senting sign (Figure 7.3). In a prospective evaluation of 23 consecu-
tive patients with penile cancer, we found long foreskins in 77% of
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the patients, 52% of which also had phimosis. In a control group
including men from the general population from the same socioeco-
nomic background, long foreskins were present at a similar rate of
77%, but phimosis was present in only 7%.32

The fact that the majority of our cases present as unicentric
tumors (90–95%)33 may reflect the rather advanced clinical stage of
our patients. Carcinomas affecting exclusively the foreskin are more
frequently multicentric and this finding may be related to the fre-
quent association of these tumors with lichen sclerosus.34

The frequency of in situ and invasive carcinomas also varies
according to geographic regions. In areas where penile cancer is con-
sidered endemic or epidemic, and most likely due to diagnostic delay,

most tumors present as invasive lesions, whereas in regions where
penile cancer is unusual, carcinoma in situ is relatively more fre-
quent. In a series of 500 invasive carcinomas diagnosed in Paraguay,
we found only 20 cases of carcinoma in situ (4%), whereas of 1605
cases from the SEER database in the USA the figure was 37%,31 and
this figure appears to be increasing. It may be that geographic differ-
ences in fact reflect mostly the incidence of invasive cancers and that
if all precancerous and invasive lesions were taken into account the
difference would diminish or vanish.

Morphologic features

Squamous cell carcinoma of the
usual type (synonyms: SCC NOS,
typical, common, simplex)
Squamous cell carcinoma of the usual type is morphologically simi-
lar to SCCs of other sites and accounts for 55% of all penile carcino-
mas. In a prior anatomic study, we found three different patterns of
growth (excluding verruciforms): superficial spreading, multicentric,
and vertical growth.33 Superficially spreading lesions are composed
of an extensive intra-epithelial component (horizontal growth),
usually associated with a superficially invasive cancer (Figure 7.4). It
frequently affects the three epithelial compartments, foreskin, coro-
nal sulcus and glans, and the incidence of metastasis is low. Due 
to the subclinical spread of these tumors and subsequent insuffi-
cient surgery, recurrences may occur. The same is true for multicen-
tric SCCs, which account for about 5–10% of all penile cancers
(Figure 7.5). They are usually low-grade lesions with good progno-
sis. Tumors with a vertical pattern of growth are deeply invasive and
associated with a high rate of nodal regional metastasis (Figure 7.6).

Grossly, SCCs of the usual type vary from irregular, white-gray
exophytic to flat ulcerated endophytic masses. The cut surface shows
irregular, white-gray neoplastic tissues involving lamina propria,
corpus spongiosum or corpus cavernosum in the glans and dartos or
skin in the foreskin. The boundaries between tumor and stroma are

Figure 7.1
Large exophytic mass extensively affecting the distal part of the
penis.

Figure 7.2
Some lesions are flat and ulcerated. However, on cut sections,
flat lesions may be deeply invasive lesions.

Figure 7.3
Patient with phimosis in which the primary tumor was
concealed by the phimotic prepuce. Regional metastases were
the presenting sign on this case.
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usually jagged and irregular but in some cases a sharper delineation
may be noted. On cut surface, adjacent associated epithelial lesions
such as squamous hyperplasia or low- and high-grade squamous
intraepithelial lesions can be visualized as a marble line measuring 
1–2 mm in thickness in the adjacent epithelium (Figure 7.4). Micro-
scopically, the neoplasms vary from well-differentiated keratinizing
(Figure 7.7) to solid anaplastic carcinomas with scant or no kera-
tinization (Figure 7.8). Most tumors are highly keratinized and of
moderate differentiation (Figure 7.9). Poorly differentiated carcino-
mas may have variable amounts of spindle cell, giant cell, solid,
acantholytic, clear cell, small cell, basaloid, or glandular components.

Basaloid carcinomas
Basaloid carcinoma is an aggressive, HPV-related variant of SCC
occurring in the 5th decade and preferentially affecting the glans. It
accounts for 5–10% of penile SCCs. Grossly, they usually present as

an ulcerated irregular mass. On cut surface, they are tan, solid
tumors deeply invasive into the corpus spongiosum or cavernosum
(Figure 7.6). Microcopically, there are separate or confluent solid
tumoral nests composed of small basaloid cells, usually with 
central necrosis (comedo necrosis) or central abrupt keratinization
(Figure 7.10(A) and (B)). Nucleoli are inconspicuous. There are
numerous mitotic figures. Occasional palisading at the nest periph-
ery may be noted but they are usually not as prominent as in basal
cell carcinomas of the skin (Figure 7.10(B)). About two-thirds of the
patients present with inguinal nodal metastasis.35,36 The precancer-
ous lesions most frequently associated with basaloid carcinomas are
high-grade squamous intra-epithelial lesions of the warty or basa-
loid type (Figure 7.10(C)). These epithelial abnormalities are often
found in the epithelium adjacent to the invasive cancer.

Unusual morphologic features of basaloid carcinomas: according
with their common HPV etiology some tumors show mixed basaloid-
warty features. The condylomatous component is superficial and
papillary and the deep counterpart a typical basaloid carcinoma.
There are deeply invasive nests with central keratinization or

A B
Fk
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Figure 7.4
(A) and (B) Gross picture and diagram illustrating the cut section of a superficially spreading carcinoma composed of an extensive
intra-epithelial component (horizontal growth), associated with a superficially invasive cancer. Gl: glans, Fk: foreskin, CS: corpus
spongiosum, CC: corpus cavernosum, A: albuginea, Ur: urethra, Ca: carcinoma.

Figure 7.5
Multicentric preputial carcinoma. The smaller
tumor corresponded to a well-differentiated 
SCC and the larger one was a sarcomatoid
carcinoma.
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comedo necrosis surrounded by clear cells with koilocytotic-like
changes and peripheral small basaloid cells. These mixed tumors
behave as basaloid carcinomas, with frequent nodal metastasis.37

Another unusual morphologic presentation of basaloid carcinomas
is that of a papillary lesion entirely composed of small basaloid cells
(transitional-like papillary basaloid carcinoma). Deep portions of
the tumor show the classical features of a basaloid carcinoma.
Unlike other penile papillary tumors, the papillae are entirely com-
posed of small cells simulating a transitional urothelial carcinoma.38

Condylomatous (warty) carcinomas
Warty carcinomas are slowly growing HPV-related tumors, grossly
similar to giant condylomas but with a malignant histology and a

A

B

cc
alb

n

ca

Figure 7.6
(A) and (B) Cut surface of tumors with a vertical pattern of
growth (gross and diagram). This type of deeply invasive
neoplasm is associated with a high rate of nodal regional
metastasis. On microscopic examination, this case corresponded
to a basaloid carcinoma. The areas of comedo-necrosis appeared
as yellow dots. ca: carcinoma, n: foci of comedo necrosis, alb:
albuginea, cc: corpus cavernosum.

Figure 7.7
Microphotograph of a well-differentiated SCC illustrating the
ample eosinophilic cytoplasm and relatively uniform nuclei of
the neoplastic cells.

Figure 7.8
Poorly differentiated SCC showing sheets and confluent
aggregates of neoplastic cells with high N/C ratio and scant or
no keratinization.

Figure 7.9
Moderately differentiated carcinoma. Most penile SCCs belong to
this intermediate category.
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potential for nodal metastasis. They affect patients younger than the
usual SCCs and the history of previous warts is frequent. Foreskin,
coronal sulcus, and glans are usually involved. The cut surface shows
a papillomatous growth usually penetrating into corpora spongiosa
and cavernosa (Figure 7.11(A)). The interface of tumor and stroma
is variable from broadly based to jagged and irregular. Histologi-
cally, the papillae are of the condylomatous type and of various
shapes, round, ovoid or spiky, long or short, but always with a
prominent central fibrovascular core and koilocytotic changes 
(Figures 7.11(B) and (C)). Unlike benign condylomas koilocytosis is
not restricted to the surface but it is also present in deep invasive
portions of the tumor (Figure 7.11(D)). Hyper- and parakeratosis
and cellular pleomorphism, as well as clear cell features, may be
prominent. Warty carcinomas may show variable amounts of non-
invasive, mixed non-invasive–invasive or wholly invasive compo-
nents. Combined lesions showing classical warty features adjacent to
foci of SCC of the usual type or basaloid carcinoma are less frequent.
The biological behavior of warty carcinomas is intermediate
between that of other types of low-grade verruciform tumors (ver-
rucous and papillary) and SCC of the usual type. Deeply invasive,
high-grade warty carcinomas may be associated with inguinal nodal
metastasis. The differential diagnosis is with verrucous and papillary
carcinomas and with giant condylomas. Warty carcinomas lack the
extreme differentiation of verrucous carcinomas and, unlike them,
warty carcinomas usually show jagged and irregular deep borders.
Low-grade warty carcinomas may be difficult to differentiate from
papillary carcinomas; however, papillary carcinomas lack koilocyto-
sis and typical condylomatous papillae and are in general better dif-
ferentiated than warty carcinomas. Warty carcinoma in situ may be
flat or papillary. When papillary, non-invasive warty carcinomas
may be strikingly similar to giant condylomas, especially at low
power. Warty carcinomas, however, are clearly malignant tumors.39,40

Precursor lesions of warty carcinoma are thought to be high-grade
squamous intra-epithelial neoplasms of warty (Figure 7.11(E)) and
basaloid types. Often times, the precursor lesion shows mixed warty
and basaloid features. Similar lesions are seen in the epithelium
adjacent to basaloid carcinomas.

Verrucous carcinoma
Clearly described by Dr Lauren Ackerman in 1948 in the buccal
mucosa,41 verrucous carcinoma continues to pose diagnostic prob-
lems since other verruciform tumors share some of its characteris-
tics. We had proposed a classification for penile verruciform
neoplasms that is helpful to differentiate other verruciform lesions
such as usual and giant condylomas, mixed verrucous carcinomas,
warty carcinomas, and papillary carcinomas from pure (typical) ver-
rucous carcinomas.39 It is important to keep strict criteria in the
diagnosis of verrucous carcinomas since typical verrucous carcino-
mas are virtually associated with no metastasis. We have found a
spectrum of mixed or combined tumors with focal or significant
verrucous carcinoma features, which need to be distinguished from
typical verrucous carcinoma.42 The most frequent combination is
that of a verrucous carcinoma with foci of usual invasive SCC. These
mixed or hybrid verrucous carcinomas have a metastatic rate of
about 25%.42 Another is the carcinoma cuniculatum with no proven
risk of metastasis despite deep penetration of the tumor.43 Verru-
cous carcinoma may also be associated with sarcomatoid carcinoma
in a sporadic form or after radiation therapy.44 HPV have been con-
sistently reported as rare or negative in several studies.22,23,45

A

B

C

Figure 7.10
(A) and (B) Intermediate and high-power view of a basaloid
carcinoma. The solid tumoral nests are composed of small
basaloid cells with scant cytoplasm and numerous mitosis and
apoptotic cells (A). Central areas of necrosis (comedo necrosis)
and clefts between tumoral aggregates and stroma are a
common finding in this subtype of penile SCC (B). (C) High-grade
squamous intra-epithelial neoplasia of warty-basaloid type.
There is full thickness keratinocytic atypia of the epithelium
with basaloid cells in the lower half and prominent koilocytosis
in the upper portion. These types of lesions are frequently
found adjacent to invasive basaloid or warty carcinomas.
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Grossly, verrucous carcinomas are exophytic papillomatous
tumors with some variation of the papillae configuration from
multinodular with cobblestone appearance to filiform with spiky
appearance (Figures 7.12(A) and (B)). The cut surface reveals a ser-
rated surface and a broadly based limit between tumor and stroma
(Figure 7.12(C)). The inferior border of the tumor is usually at the
level of the thickened epithelium or in the lamina propria and only
rarely penetrates into superficial corpus spongiosum or dartos.
Histologically, the tumor shows extreme squamous differentiation

except for the presence of occasional atypical nuclei at the basal 
or parabasal layers (Figure 7.12(D)). There are papillomatosis,
hyperorthokeratosis, acanthosis, and a broadly based interphase
between tumor and stroma (Figures 7.12(D) and (E)). Koilocyto-
sis is not present. Although some papillae may harbor fibrovascu-
lar cores, this is not a characteristic feature. The spaces between 
papillae are occupied by keratin-filled craters (Figure 7.12(F)) 
that on tangential cuts appear as keratin-filled pseudocysts. 
The stroma may show a dense lymphocytic infiltrate sometimes

A B

C
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D

Figure 7.11
(A) Gross appearance of a warty carcinoma. Cut surface shows a
papillomatous growth invading the corpus spongiosum. (B) and
(C) Histologically, the papillae of warty carcinomas are of the
condylomatous type and of various shapes, round, ovoid or spiky,
long or short, but always with a prominent central fibrovascular
core and koilocytotic changes. (D) Warty carcinoma. Koilocytosis
is not restricted to the surface but it is also present in deep
invasive portions of the tumor. (E) Warty carcinoma in situ.
High-grade squamous intra-epithelial neoplasia with koilocytosis.
There is some overlapping with mixed warty-basaloid carcinoma
in situ since the cells in the lower portion of the epithelium are
slightly basaloid.
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Figure 7.12
(A) Clinical picture of a case
of multicentric verrucous
carcinoma affecting the
foreskin of a patient with
long-standing lichen
sclerosus. This example
emphasizes the frequent
association of preputial
location, non-HPV-related
tumors of low histologic
grade, multicentricity, and
lichen sclerosus. (B) Gross
picture of a verrucous
carcinoma showing an
exophytic tumor with
filiform, spiky papillae. 
(C) Cut surface of a verrucous
carcinoma revealing a
serrated surface and a
broadly based, sharp deep
border. (D) Histologic
appearance of a verrucous
carcinoma. There are
papillomatosis, hyper-
orthokeratosis, acanthosis,
and a broadly based
interface between tumor and
stroma. Koilocytosis is not
present. Although some
papillae may harbor
fibrovascular cores, this is
not a characteristic feature.
(E) The deep borders of
verrucous carcinoma are
typically broad and pushing.
(F) Verrucous carcinoma is an
extremely well-differentiated
neoplasm. Keratin-filled
valleys are seen between the
papillae that, on tangential
cuts, appear as acanthotic
keratin-filled pseudocysts. 
(G) Squamous hyperplasia
with verrucous features
(verrucous hyperplasia) is
often seen in the epithelium
adjacent to verrucous
carcinoma. Lichen sclerosus
is another frequently found
associated condition and
may be etiologically related
to verrucous carcinoma, as
illustrated in this picture.

blurring the limits of tumor and underlying connective tissues.
Associated lesions are squamous hyperplasia and low-grade squa-
mous intra-epithelial lesion of the squamous or simplex type. The
hyperplasia often adopts the features of verrucous hyperplasia
(Figure 7.12(G)). Lichen sclerosus is another frequently found

associated condition and may be etiologically related to verrucous
carcinoma (Figures 7.12(A) and (G)).46 Verrucous carcinoma is a
slowly growing tumor but if insufficiently resected it is prone to
local recurrences. We have not observed regional metastasis in typ-
ical (pure) lesions.
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Papillary carcinoma, NOS
Papillary squamous cell carcinoma is the third type of penile low
grade verruciform carcinoma. In general, a diagnosis of papillary
carcinoma is achieved after verrucous and warty carcinomas have
been ruled out.47 Patients are about 60 years old. Tumors are grossly
exophytic and large and affect glans, coronal sulcus, and foreskin.

The cut surface shows a papillary neoplasm involving corpus spon-
giosum or dartos. Microscopically there is hyperkeratosis and papil-
lomatosis. Papillae are variable and complex. The tip is either
straight, undulated, spiky, or blunt. There is no koilocytosis. Histo-
logic grade is low (Figure 7.13). The interface between tumor and
stroma is characteristically jagged. Differential features from verru-
cous and warty carcinomas are based on the heterogeneity of the
papillae, the lack of koilocytosis, and the jagged irregular interphase
between tumor and stroma. The diagram in Figure 7.14 illustrates
the differential features of these verruciform neoplasms. HPV stud-
ies may be necessary to differentiate some low-grade papillary neo-
plasms from low-grade warty carcinoma. Low-grade squamous
intra-epithelial lesion and lichen sclerosus are frequently associated
with papillary carcinomas. Papillary carcinomas are slow growing
tumors with a low incidence of inguinal nodal metastasis.

Sarcomatoid carcinoma
Sarcomatoid carcinomas are aggressive penile neoplasms predomi-
nantly composed of spindle cells. They may arise de novo, after a
recurrence of a usual SCC or following irradiation therapy of a ver-
rucous carcinoma. They account for about 2–4% of all penile carci-
nomas.48 They involve preferentially the glans but foreskin may also
be affected. Like usual SCC, the mean patient age is around 60.
Grossly, they are bulky 5–10 cm ulcerated or rounded polypoid
masses which, on cut surface, almost invariably deeply invade into

Figure 7.13
Papillary carcinomas are low-grade verruciform SCCs with
variable complex arborescent papillae, without koilocytosis and
with jagged, infiltrative, deep borders.

Figure 7.14
Diagram illustrating the differential features of verruciform lesions. The epithelium is seen in green, keratin in orange, and stroma in
yellow. Koilocytosis is seen as white dots. (A) Warty (condylomatous) carcinoma (WC) with complex, irregular and arborescent papillae.
Atypical cells and koilocytosis are seen throughout the lesion. The base is usually infiltrative and jagged. (B) Papillary carcinoma (PC)
with irregular, arborizing papillae. There is no koilocytosis and the base of the neoplasm is irregular and infiltrative. (C) Giant
condyloma (GC) showing arborizing, ‘condylomatous’ papillae with koilocytosis in the superior portion. There is no cytologic atypia
and the base is regular, broad, and pushing. There may be some overlapping with low grade warty carcinomas. (D) Verrucous
carcinoma (VC) shows thick, regular papillae separated by abundant keratin seen as keratin cysts when tangentially cut. There is no
koilocytosis and the base of the tumor is broad and pushing.
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corpus cavernosum (Figure 7.15(A)). Microscopically there are
variable proportions of squamous cell and spindle carcinoma 
(Figure 7.15(B)), usually the latter predominates. The sarcomatoid
component may mimic fibrous histiocytoma, leiomyosarcoma,
fibrosarcoma, mixosarcoma, epithelioid angiosarcoma, and classical
angiosarcoma (Figure 7.15(C)). Heterologous bone (Figure 7.15(D))
and cartilaginous formation may be focally observed. The squamous
component shows the morphology of the usual SCC but areas of

verrucous, papillary, or basaloid carcinoma may also be observed.
HPV is usually negative. Differential diagnosis is with sarcomas or
malignant melanomas. Inmunohistochemistry is useful for tumors
with little or no epithelial component or in small biopsies. Besides
lack of expression of melanocytic markers, we found cytokeratin
34BE12 and p63 positivity (Figure 7.15(E)) to be the most useful indi-
cation of epithelial lineage in sarcomatoid carcinomas. The spindle
cell component is usually positive for vimentin. However, muscle

A B

C D

E
Figure 7.15
(A) Sarcomatoid carcinoma. Cut surface of a penectomy specimen
showing a large, ulcerated, and hemorrhagic mass, deeply
invading into the corpus cavernosum. Microscopically, this case
had prominent angiosarcomatoid areas. (B) Sarcomatoid
carcinoma. Microscopic picture illustrating a biphasic tumor
with a mixture of squamous cell and spindle cell components.
(C) Microscopic picture of the case illustrated in (A), showing a
sarcomatoid carcinoma with prominent angiosarcoma-like
features. (D) Microscopic picture of a sarcomatoid carcinoma
with osteosarcomatous foci (heterologous bone formation). 
(E) Angiosarcomatoid carcinoma showing a diffuse nuclear
expression of p63.
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specific actin, smooth muscle actin, desmin, and mygenin are usu-
ally negative. Regional metastasis occurs in 85% of sarcomatoid car-
cinomas and mortality is high.48

Adenosquamous carcinomas
They are squamous cell carcinomas with focal or multifocal muci-
nous glandular differentiation (Figure 7.16). They are thought to
arise from the epithelial surface of the glans, where foci of SSC in situ
may be noted. Clinicopathologic features and outcome are similar
to the usual SCC. The glandular component of this mixed tumor is
usually a minor one. Adenosquamous carcinomas should be distin-
guished from mucoepidermoid, adenobasaloid, and pseudoglandu-
lar SCCs. In mucoepidermoid carcinomas, there are isolated cells or
group of squamous cells containing mucin without glandular for-
mation. In adenobasaloid tumors there are well-formed mucin-
secreting glands, however the solid component is not the typical
SCC but a basaloid carcinoma (unpublished personal observation).
Pseudoglandular (adenoid or acantholytic) SCCs most frequently
represent SCC of the usual type in which there is considerable

dyskeratosis and acantholysis with secondary pseudolumina forma-
tion simulating glandular structures. The lack of mucin production
and the presence of many desquamated acantholytic cells in the
pseudolumina aid in the diagnosis of this variant. The few reported
cases of adenosquamous carcinomas have behaved aggressively with
frequent nodal metastasis.49,50

Other rare tumors

Giant condylomas
Exuberant exophytic benign condylomas reach large sizes after years
of neglect. They may harbor atypias and invasive microcarcinomas.
Patients are older than those with typical condylomas but younger
than those with condylomatous (warty) carcinomas. Grossly, they
are bulky, cauliflower-like tumors showing at cut surface a papillo-
matous growth with a sharp demarcation between tumor and
stroma. The deep border of the tumor usually lies above the lamina
propria without involvement of corpus spongiosum or dartos. His-
tologically, they are similar to usual condylomas except that some
tumors depict destructive endophytic growing properties, fistulae to
the skin, focal atypia, carcinoma in situ, or overt focally invasive
squamous carcinomas.38 The condylomatous papillae show a central
fibrovascular core and superficial koilocytotic changes (Figure 7.17).
We discourage the use of the term Buscke Lowenstein giant condy-
loma because this terminology has been used in the literature for
various tumors such as verrucous and warty carcinomas, which are
separate and distinctive tumor entities, thus creating unnecessary
confusion.51 The differential diagnosis is with common condyloma
and with non-invasive warty carcinoma. Common condylomas
affect younger patients, are smaller lesions, and are usually multiple,
affecting not only the squamous epithelium of penile mucosal
epithelial compartments but also the outer skin of the foreskin and
shaft. Giant condylomas affect older patients and are usually bulky
and unicentric. Non-invasive warty carcinoma may be macro- and
microscopically very similar to giant condylomas. The main differ-
ence is that in warty carcinomas the atypical cells compromise the
full epithelial thickness whereas atypical cells are not a feature of
giant condylomas. There is probably some overlapping with very
well-differentiated warty carcinomas that in some cases may be
undistinguishable from giant condylomas.

A

B

Figure 7.16
(A) and (B) Adenosquamous carcinomas with focal glandular
differentiation with mucin production as highlighted with a
mucicarmin stain.

Figure 7.17
Giant condyloma showing the typical characteristics of a garden
variety condyloma, but of larger size. This particular case
extensively affected the foreskin and glans. However, the lesion
is benign, showing extreme differentiation and no invasion.
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Pseudohyperplastic carcinomas
Non-verruciform, low-grade squamous carcinomas preferentially
affecting the foreskin of older patients (8th decade) and strongly
associated with lichen sclerosus. There is extreme differentiation
and in small biopsies the tumors mimic pseudoepitheliomatous
hyperplasia. They are often multicentric and the second or third
independent tumor may show some verrucous features. Grossly,
they are flat or slightly elevated lesions measuring about 2 cm. Char-
acteristic microscopic features are keratinizing nests of squamous
cells with no or minimal atypia surrounded by a reactive stroma
(Figure 7.18). This degree of differentiation is noted only in low-
grade verruciform tumors such as verrucous or papillary cancers.
The consistent association with lichen sclerosus suggests that this
inflammatory condition may play a precancerous role. In a series of
10 cases, recurrence was noted in the glans of one patient who was
circumcised for a multicentric carcinoma of the foreskin 2 years
after diagnosis. No metastases were found in any of these cases.52

Carcinoma cuniculatum
Deeply penetrating albeit low-grade SCCs which because of their
burrowing growth pattern were designated in the plantar region as
epithelioma cuniculatum by Ayrd et al in 1954.53 Seven cases of this
unusual variant of SCC were reported in the penis. Mean age is 77
years. Grossly, the tumors were white-gray, exo-endophytic and
papillomatous with a cobblestone or spiky appearance affecting the
glans and extending to the coronal sulcus and foreskin (average size
6 cm). The hallmark of the lesion is noted on cut surface where deep
invaginations of the tumor forming irregular, narrow, and elon-
gated neoplastic sinus tracts that connect the surface tumor to deep
anatomic structures are seen (Figure 7.19). Microscopically, the
tumor partially resembles verrucous carcinoma with a bulbous front
of invasion. There are, however, irregular foci of invasive squamous
cell carcinoma of the usual type. It should be distinguished from
classical verrucous carcinoma, which is extremely differentiated,
rarely invades beyond the lamina propria, and its tumor front is
sharply delineated. Despite the deep penetration, none of the
reported carcinoma cuniculatum cases showed groin or systemic
dissemination at time of diagnosis.54

Clear cell carcinoma
Clear cell features may be noted in squamous cell carcinomas. We
have observed some examples of solid, poorly differentiated SCCs
composed of PAS-positive clear cells and attributed the pattern 
to cytoplasmic hyperglycogenation, similar to the cervical uterine
lesions.1 Clear cells are also conspicuous in some warty carcinomas.
A purported different penile tumor exclusively composed of clear
cells and designated as clear cell carcinoma was reported from 
Austria.55 They were large, exophytic, partially ulcerated and 
widely invasive, all located in the foreskin inner surface. Histologi-
cally, they were composed of large neoplastic cells with clear, 

A

B

Figure 7.18
(A) Pseudohyperplastic squamous cell carcinoma. Low-power
view of this extremely well-differentiated carcinoma that may be
confused with pseudoepitheliomatous hyperplasia. (B) Lichen
sclerosus is consistently seen adjacent to pseudohyperplastic
carcinomas. There is low-grade atypia in the hyperplastic
epithelium, suggesting that lichen sclerosus may play a
precancerous role.

Figure 7.19
Carcinoma cuniculatum. The hallmark of the lesion is noted on
cut surface: deep invaginations of the tumor forming irregular,
narrow, and elongated neoplastic sinus tracts connecting surface
tumor to deep anatomic structures.
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PAS-positive cytoplasm. All carcinomas harbored HPV 16. All five
patients had groin cystic metastasis also showing clear cells. Two
patients were reported as alive and the rest either dead or with evi-
dence of disease at last follow-up.55

Grading system and other
prognostic parameters
Pathologic factors affecting patient outcome are multiple and it is
difficult to ascertain the independent validity of the factors. Com-
monly cited factors are histologic grade, anatomic site and size of
primary tumor, growth patterns, subtypes of SCC, tumor depth or
thickness, positive margins of resection, and perineural and vascular
invasion.56 There are also some molecular factors, which may be
related to outcome.

Histologic grade
Histologic grade is important to predict groin metastasis and dis-
semination of penile cancer56–63 and there are several grading 
systems. The most commonly used approach is to classify invasive
penile cancer into grade 1, well-differentiated with no evidence of
anaplastic cells; grade 2, moderately differentiated with anaplastic
cells comprising less than 50% of the tumor, and grade 3, poorly dif-
ferentiated with more than 50% of the neoplasm composed of
anaplastic cells. A method which we were using in our daily practice
is to consider as grade 1, the extremely well-differentiated carcino-
mas (verrucous, some papillary and pseudohyperplastic variants of
SCCs would qualify for this grade), grade 3 when more than 30% of
the cells are anaplastic, and grade 2 the remainder of the tumors.
Grading both extremes of the spectrum is simple and reproducible.
It is not uncommon to find multiple grades associated in the same
specimen and a judicious evaluation is always necessary to deter-
mine the importance of each grade group for the overall grade given
to a tumor. Recently, we found that about half of penile SCCs are
heterogeneous, showing more than one grade in the same speci-
men,64 and that any proportion of grade 3 appears to affect patient
outcome.65 It is possible that a 2-grade system, low- and high-grade,
would suffice for tumor grading. Areas of higher tumor grade in het-
erogeneous neoplasms are ubiquitous and can be found near the
surface or in the deepest point or front of invasion.

Anatomic location
Tumors may originate in the glans, foreskin, or coronal sulcus.
Tumors affecting exclusively the foreskin tend to be superficially
invasive lesions of low histologic grade and, for these reasons, rarely
associated with nodal metastasis. Tumors affecting the glans are of
higher histologic grade, usually infiltrate deeper anatomic layers,
and show higher incidence of regional metastasis.34 Tumors of the
sulcus are very rare. Under-recognized neoplasms are those of distal
urethra-perimeatal transition. They appear to be more related to
penile than to urothelial neoplasia.66 They are papillary squamous
lesions composed of small basaloid or ‘transitional’ cells. The major-
ity of these lesions are HPV-related, of variable histologic grade,

non-invasive, and associated with favorable outcome.67–72 They need
to be distinguished from condylomas, which are not infrequent at
these sites.

Size of primary tumor
The incidence of lymph node metastasis is low in patients with
tumors measuring up to 2 cm and also in tumors measuring more
than 4 cm (about 30%), whereas in medium size tumors (2–4 cm) it
is significantly higher (68%).55 This paradox may be explained 
by the contrasting large size and low incidence of metastasis in ver-
ruciform tumors. Verruciform tumors (verrucous, papillary NOS,
and condylomatous/warty carcinomas) are rarely associated with
metastasis despite their frequent large size. Tumor size becomes a
significant prognostic marker when verruciform neoplasms and
superficial spreading SCCs are excluded from the evaluation.

Patterns of growth
There is a correlation between growth pattern and outcome.
Regional spread is very unusual in verruciform and highly prevalent
in vertical growth tumors. Superficial spreading and multicentric
cancers show a low to moderate frequency of regional spread.33,57

Histologic subtypes
There is a correlation between histologic subtype of squamous can-
cer and rates of regional or systemic dissemination, although on
multivariate analysis histologic type appears to be less important
than other factors. Tumors can be separated into three risk categories
for metastasis, based on their histologic type. In the low-risk group
are the usual SCCs with superficial spreading pattern of growth, ver-
ruciform, and pseudohyperplastic carcinomas, all low-grade SCCs.
Tumors with high metastatic potential are basaloid, sarcomatoid,
and solid poorly differentiated SCCs. The majority of these neoplasms
present with a high-grade histology and invasion of the corpus cav-
ernosum or at least the deep portion of the corpus spongiosum.
More than half of penile carcinomas, however, would fall in an
intermediate category of metastatic risk. This group includes most
usual squamous cell carcinomas, some mixed neoplasms, and pleo-
morphic variants of condylomatous (warty) carcinomas.73

Tumor depth of invasion 
and thickness
There is a correlation between depth of invasion and outcome in
penile cancers. Minimal risk for metastasis was reported for tumors
invading less than 5 mm.74,75 In a study of 35 patients with penile car-
cinomas, we found no metastasis in carcinomas invading no more
than 5 mm and 53% and 69% incidence of nodal metastasis in
tumors invading an average depth of 6 and 12 mm, respectively.76

Similar findings were reported in a recent series.77 We have shown
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that the histologic grade appears to be more important than depth of
invasion as a predictor of groin metastasis.77

In a pathologic evaluation of hundreds of resected specimens for
penile SCC, we observed a single case of metastasis from a tumor
invading 2 mm into the lamina propria. A brain metastasis was
reported associated with a small and superficial tumor.78

Anatomic levels of invasion
The anatomic levels of the penis vary in the different anatomic com-
partments. In the glans, the levels are epithelium, lamina propria,
corpus spongiosum, and corpus cavernosum. The tunica albuginea
is part of the corpus cavernosum. In the foreskin the levels are
epithelium, lamina propria, dartos, and skin.79 The risk of metasta-
sis is proportionally related to progressive invasion of deeper
anatomic layers. Superficial tumors invading the lamina propria or
the superficial portion of the corpus spongiosum (less than 5 mm in
thickness) have low metastatic potential while lesions invading
deeply into the corpus spongiosum or cavernosum (more than 
5 mm) are associated with high metastatic rate.74,76

Positive resection margins
Like with other tumors, the presence of positive resection margins
adversely affects prognosis in patients with penile SCCs. The most
commonly affected margin is the urethral margin of resection
including periurethral tissues and the Bucks’ fascia. In partial penec-
tomies we recommend submitting three margins: (a) urethra and
periurethral tissues, (b) skin of the shaft, and (c) corpora cavernosa
(Figure 7.20). The most important margin corresponds to the ure-
thra and periurethral tissues (lamina propria of the urethra, peri-

urethral corpus spongiosum, and penile fascia), preferred sites of
margin involvement as shown in a prior study.80 Often, the tumoral
involvement of the resection margin may be identified only at a
microscopic level. Sometimes, tumor emboli are found in peri-
urethral lamina propria or corpus spongiosum. An underrecognized
site of positive margin is the fascia of Buck, composed of loose
fibrous tissue containing numerous vascular structures and nerves.
When dealing with a circumcision specimen, it is important to iden-
tify and submit the coronal sulcus margin since involvement of this
margin by the carcinoma may warrant additional surgery to prevent
recurrences. A sound knowledge of penile anatomy is necessary to
improve tha handling and pathology reporting of circumcision and
penectomy specimens.80,81

Vascular and perineural invasion
Vascular invasion, lymphatic or venous, adversely affects prognosis
of penile cancer.82,83 Venous invasion, less frequent, indicates a more
advanced stage of the disease and it is related to the compromise of
the specialized erectile venous structures of corpora spongiosa and
cavernosa. There is limited information on the significance of peri-
neural invasion as a prognostic factor in penile cancer. In a study 
of 35 penectomy specimens with regional nodal dissection we 
found perineural invasion in 18 (51%) of the cases, 10 of which were
associated with nodal metastasis.56 In the same study, there were 17
patients without regional metastasis and perineural invasion was
present in only 1 of these patients. Perineural invasion may also be
an important adverse prognostic factor.

Scoring and prognostic 
index systems
Maiche et al designed a scoring system based on keratinization,
mitotic activity, cellular atypia, and presence of inflammatory cells.
They proposed a 4-grade system and found good correlation with
clinical staging.84 Based on the combined value of level of invasion
and histologic grade to predict metastasis and mortality in invasive
SCCs,85,86 a prognostic index was also proposed.56 The index is rep-
resented by a number from 2 to 6 and it is calculated by adding
numerical values given to the histologic grade (1, 2 and 3) and to
anatomic levels of invasion (1 for lamina propria, 2 for corpus spon-
giosum or dartos, and 3 for corpus cavernosum or skin in the glans
and foreskin, respectively). Patients with indexes 2 and 3 show vir-
tually no risk for metastasis, patients with index 4 have low risk and
patients with indexes 5 and 6 have high risk for metastatic disease
and mortality. The method is to be used in resected specimens but
not in biopsies. Biopsies are usually useful for the diagnosis of SCC;
however, additional information such as level of invasion, histologic
grade, and presence of vascular invasion is better assessed in the
resection specimen. Due to the limitations of the biopsies, imaging
techniques such as ultrasonography and magnetic resonance imag-
ing may be useful tools to stage tumors after a diagnosis of SCC has
been rendered by biopsy and the best therapeutic approach needs to
be planned. In our clinical practice, after a prognostic index was cal-
culated in the resection specimen and because of its high negative
predictive value, patients with indexes 2 and 3 are not subjected to
inguinal lymph node dissection whereas those with indexes 5 and 6
undergo groin node dissection. The biological behavior of tumors

Figure 7.20
In partial penectomies we recommend submitting at least 
3 separate margins: (1) skin of the shaft, (2) corpora cavernosa,
and (3) urethra and periurethral tissues, which include the
periurethral lamina propria, corpus spongiosum, tunica
albuginea and Bucks’ fascia. S: skin of the shaft, D: dartos, BF:
Bucks’ fascia, A: albuginea, CC: corpus cavernosum, U: urethra,
CS: corpus spongiosum, SDV: superficial dorsal vein, DDV: deep
dorsal vein.
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with a prognostic index 4 is more difficult to predict. In these cases,
careful evaluation of the patients’ clinical characteristics and addi-
tional pathologic features of the tumor need to be taken into consid-
eration before making the decision on groin dissection.88,89

Appropriate lymph node management is important since survival
rates significantly decrease in the presence of persistent regional
metastasis.

Molecular and other 
prognostic factors
The use of molecular prognostic factors is not yet a common 
practice in the pathologic management of penile cancers. There are
several studies of molecular prognostic factors with various
results.90–94 Ploidy was not found to be useful to predict prognosis in
penile carcinomas.91 p53 was considered an independent risk factor
for metastasis and final outcome in some studies, but not in oth-
ers.92–94 Although HPV appears to be more frequent in higher-grade
neoplasms, it does not appear to be significant per se in predicting
outcome. This finding may be related to the fact that tumors known
for high and low risk for metastasis, such as the basaloid and warty
carcinomas, are HPV-related. Marked peritumoral infiltration of
eosinophils was reported to be linked with improved survival in
patients with penile carcinoma in one study.95

Routes of local spread 
and TNM staging
Penile carcinomas predictably spread to local, regional, and systemic
sites. Initial local invasion is of subepithelial lamina propria, dartos,
or superficial corpus spongiosum (less than 5 mm). Later invasion is
of deep corpus spongiosum, tunica albuginea, and corpora caver-
nosa. Urethral invasion is not unusual in either early or late stages.
Intrapenile satellitosis (nodular aggregates of neoplastic cells, usu-
ally of higher histologic grade that are separate from the main
tumor) appear to be a late phenomenon and related to aggressive
tumor behavior. Extrapenile regional dissemination occurs in
superficial and deep inguinal lymph nodes. The purported first site
of nodal metastasis is or are 1 or 2 superficial inguinal lymph nodes
located in the upper inner quadrant (sentinel lymph node/s).96,97

However, some tumors will directly metastasize to deep inguinal
nodes.98 Skip metastasis from primary tumor to pelvic nodes sparing
the groin is extremely unusual.7 Extrapenile skin satellitosis may be
present at the moment of initial consultation or it may be a sign of
recurrence after penectomy and groin dissection. In any case, it is a
sign of advanced clinical stage and bad prognosis. Although penile
carcinoma is considered a local regional disease, widespread dissem-
ination occurs in at least a third of the patients. Main sites of metasta-
tic involvement at autopsy are lymph nodes (pelvic, retroperitoneal,
and mediastinal), liver, lungs, bone, and heart myocardium.99 TNM
staging system is depicted in Table 7.1.100

Precancerous lesions
A heterogeneous spectrum of epithelial alterations and atypical
lesions may affect the squamous epithelium of the anatomic 

compartments of the penis. The terminology utilized to define these
lesions is variable. The few pathologic studies of penile precancerous
lesions are mostly related to high-grade intra-epithelial lesions and
HPV and the information on low-grade atypical lesions is lim-
ited.101,102 In a study of 288 cases, we described the morphologic fea-
tures of all epithelial alterations, benign and atypical, low- and
high-grade, associated with invasive squamous cell carcinoma of the
penis and documented their relation with each other and with sub-
types of invasive carcinoma.103 The lesions were classified as squa-
mous hyperplasia, and squamous intra-epithelial lesions of low and
high grade (LGSIL and HGSIL). In LGSIL, atypia was confined to
the lower third and in HGSIL atypical cells affected at least two-
thirds of the squamous epithelium.103 Subtypes of SIL were squa-
mous, warty, basaloid, warty-basaloid, and papillary. Squamous
hyperplasia, the most common lesion, was found in 83% of the cases
followed by LGSIL (57%) and HGSIL (44%). In 62% of the cases,
more than one associated lesion was present per specimen. A
sequence from squamous hyperplasia to low-grade to high-grade
SIL was also noted in some cases. In other cases, and especially in
well-differentiated invasive SCCs, the only associated and contigu-
ous epithelial lesion was squamous hyperplasia (Figure 7.21). LGSIL
was associated with all types of carcinomas except basaloid tumors.
HGSIL was present in two-thirds of invasive warty, basaloid, and
mixed warty-basaloid tumors (especially the basaloid, warty, and
mixed warty-basaloid SIL variants) (Figures 7.10 (C) and 7.11 (E))
and in about half of usual SCCs (especially the squamous variant).103

HGSIL was not observed associated with papillary, verrucous, and
pseudohyperplastic SCCs; these well-differentiated SCCs were seen
adjacent and contiguous to squamous hyperplasia and LGSIL and

Table 7.1 Tumor-Node-Metastasis (TNM)
classification for SCC of the penis

Stage Description

Tumors
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
Ta Non-invasive verrucous carcinoma
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades corpus spongiosum or 

cavernosum
T3 Tumor invades urethra or prostate
T4 Tumor invades other adjacent structures

Node
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single superficial, inguinal 

lymph node
N2 Metastasis in multiple or bilateral superficial 

inguinal lymph nodes
N3 Metastasis in deep inguinal or pelvic lymph 

node(s), unilateral or bilateral

Metastasis
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Additional descriptor
The m suffix indicates the presence of multiple primary tumors and
is recorded in parentheses
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not infrequently the adjacent mucosa showed changes of lichen scle-
rosus. It is interesting to note the morphologic correlation of special
types of invasive carcinomas with subtypes of SIL and squamous
hyperplasia. The high frequency of squamous hyperplasia and LGSIL
in usual, verrucous, papillary, and pseudohyperplastic carcinomas
suggests they may be precursors of the aforementioned SCC variants.
Likewise, the significant association and histologic similarities between
HGSIL of the basaloid, warty, or mixed forms with their invasive
counterparts indicates these lesions are their likely precursors.

Lichen sclerosus, typical 
and atypical
Lichen sclerosus, also known in the penis as balanitis xerotica oblit-
erans, is an unusual, chronic mucocutaneous condition that may
affect all the penile epithelial compartments including distal urethra,
but it is more frequent in the foreskin inner surface. An association
between penile lichen sclerosus and penile SCC has been suggested
by a prospective study in which 9.3% of 86 patients with long-
standing lichen sclerosus developed malignant changes.104,105 In a
review of 68 penile carcinomas we found histopathologic evidence
of lichen sclerosus adjacent to the tumor in 33% of the cases (46%),
and the incidence is higher (70%) in carcinomas exclusively affecting
the foreskin.34 We have found a preferential association between lichen
sclerosus and non-HPV-related SCC variants, such as usual, verru-
cous, papillary, pseudohyperplastic, and sarcomatoid. The finding
of hyperplastic and atypical changes in the epithelial component of
a significant number of specimens with lichen sclerosus adjacent to
invasive SCC (Figure 7.18(B)) is noteworthy. These findings suggest
that lichen sclerosus may represent a preneoplastic condition for at
least a subset of penile cancers, in particular those not related to HPV.46
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Section 8
Handling of surgical specimens

Gregor Mikuz

The clinical presentation of penis cancer may range from small ery-
thematous lesions to ulcers or verrucous exophytic growing tumors.
Small lesions of the foreskin can be treated by circumcision. Carci-
nomas involving the glans and the shaft are best managed by partial
penectomy; bulky tumors require a total penectomy with perineal
urethrotomy, with or without local lymphadenectomy.1 Another
approach is the use of sentinel node for the staging of penis cancer.2

The penis is composed of the glans, balanopreputial (coronal) sul-
cus, and the foreskin. The central portion is formed by the shaft and
the posterior end is the root of the penis. From outer to inner, the
cross-section shows the following structures: skin and the attached
muscle, fascia penis superficialis and profunda (Buck’s fascia), tunica
albuginea, corpora cavernosa, and the urethra which is surrounded
by the corpus spongiosum with its own tunica albuginea. The two
arteries superficiales penis and the veins are located between the fas-
cia penis superficialis and the tunica albuginea. The two arteries
profundae penis are in the middle of the right and left corpus caver-
nosus. The lymphatic channels drain to the deep and superficial
inguinal lymph nodes.

Circumcision
The epithelial margins of the specimen have to be inked. The four
corners of the foreskin should be pinned on a sheet of cork and then
the whole specimen fixed in formalin. After fixation the number and
size of lesions are recorded and their gross pathology described. For
histology serial perpendicular sections are performed. The number
of sections depends on the dimension of the lesion. Each epithelial
margin should be sampled.

Total or partial penectomy
The anatomic location of any lesion should be identified and its size
measured. Then a shave section of the shaft (surgical margin) is
taken. The specimen is mostly large and must be divided in two
parts. Especially in frozen sections the urethra and the periurethral
corpus spongiosum should be separately examined because this is
the region of invasive tumor spread.3 After the foreskin has been
removed and, if necessary, pinned on a table or cork, the penis
should be longitudinally bisected using the urethra as a guide. The
size and depth of any tumor should be documented. Sections of the
tumor, foreskin, transverse sections through the shaft and longitudinal
glans sections are required for histology.

Lymphadenectomy
Lymph nodes without overt metastasis greater than 5 mm are cut
through the hilus in 2 mm thick parallel slices. Lymph nodes smaller
than 5 mm along the longitudinal axis are entirely processed. When
the lymph node contains an evident metastasis 1–2 sections are usu-
ally enough.

Sentinel lymph nodes
These are often detected with lymphoscintigraphy1 and are labeled
with radioactive colloid. Negative lymph nodes are entirely processed
(steps of 250 �m). Every second section could be used for cytoker-
atin immunocytochemistry.

Frozen sections
These can be used for the evaluation of the resection margins and of
the sentinel lymph node.

RReesseeccttiioonn  mmaarrggiinnss
Usually the tumor spreads in the urethra, periurethral vessels, and
soft tissue, which should thus be frozen for histologic evaluation. In
circumcision specimens the entire circumference and thickness of the
surgical margin should be frozen and evaluated.3 To avoid unneces-
sary sections the surgeon can mark the area of concern with a suture.

((SSeennttiinneell))  llyymmpphh  nnooddeess
When a frozen section is requested the lymph node should be
bisected and one section (not more!) from each cut surface should
be made. Then both halves are embedded and the first slides H&E
stained.

Pathology reporting of surgical
specimens (circumcision and
penectomy)
The pathology report should provide useful information for the
therapy and prognosis of the penile lesions. It should thus include
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the histologic diagnosis and all factors which have a predictive value:3

histologic type, tumor grade, and the depth of invasion (pT/stage).
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Section 9
Pathology of tumors of the renal pelvis 
and ureter, and the urethra

Antonio Lopez-Beltran, Rodolfo Montironi, 
Alfredo Vidal-Jimenez, and Liang Cheng

situ and solid invasive carcinoma.1–3,11,14,15,20 The entire morphologic
spectrum of urothelial carcinoma and its variants may be seen3,11 and
tumor types include those showing squamous and glandular differ-
entiation, inverted growth, or different morphologic variants (nested,
microcystic, micropapillary, clear cell, and plasmacytoid), and poorly
differentiated or undifferentiated carcinoma (lymphoepithelioma-
like, sarcomatoid, and giant cell)3,4,11,20,28–42 (Figure 9.3). Sarcomatoid
carcinoma is rare in the pelvis and ureter, has a poor prognosis, and
shows either homologous or heterologous stromal elements30,36

(Figure 9.4). Rare cases of choriocarcinoma reported in this location
are viewed at this time as high-grade urothelial carcinoma with tro-
phoblastic differentiation.3,43 Some urothelial carcinomas in this
location display alfa-fetoprotein or cyclooxygenase-2 expression at
immunohistochemistry.42,44 Synchronous renal cell carcinoma and
urothelial cell carcinoma may coexist.

Urothelial tumors should be graded following the proposal for
the bladder urothelial tumors made by the World Health Organiza-
tion (WHO) in 20041,12,14,19,20,45 or, until validated, both the WHO,
1973 and WHO, 2004 can be stated in the final pathology report.1

The existence of the papillary urothelial neoplasia of low malignant
potential in the upper urinary tract has been recently chal-
lenged.1,12,14,19,20,45 There is a separate Tumor Node and Metastases
(TNM) staging system for tumors of the renal pelvis and ureter
according to the AJCC/TNM, 2002 revision (Table 9.2).46

The most important prognostic factor is tumor stage.12,46 In eval-
uating these specimens, it is important to avoid overstaging as pT3
tumors that invade the muscularis (pT2) but show extension into
renal tubules in a pagetoid or intramucosal pattern.8 Survival for
patients with pTa/pTis lesions is essentially 100% but declines up to
75% in patients with pT2. Survival for patients with pT3 and pT4
tumors, tumors with nodal involvement, and residual tumor after
surgery is poor.18,25 Other prognostic factors include patient age,
type of treatment, and presence and severity of concurrent urothe-
lial neoplasia.12,25 The characteristics of invading neoplastic nests
(infiltrative vs nodular or trabecular), vascular invasion, and tumor
necrosis could be of prognostic significance.12,19,20 It has been sug-
gested that Ki-67 overexpression might be of prognostic value and
that ErbB2 expression could be a predictor of disease progression
and disease-related survival in upper urothelial carcinoma.47,48

Squamous cell carcinoma
Squamous cell carcinoma is very rare but may occur in the renal
pelvis where it follows in frequency to urothelial carcinoma.25,32,40,49

The renal pelvis and ureter
Tumors arising in the renal pelvis, the ureter, and the urethra are
morphologically similar to those in the bladder1–6 (Table 9.1). The
incidence of these tumors ranges from 0.7 to 1.1 per 100 000 and
there is a male to female ratio of 1.7 to 1 with an increasing incidence
in females.7 Tumors of the ureter and renal pelvis account for 8% of
all urinary tract neoplasms and are more common in older patients
(mean 70 years).8,9 More than 90% are urothelial carcinomas.1,10,11

Hematuria and flank pain are the chief presenting symptoms.12–20

Benign epithelial tumors
In this location, most benign epithelial tumors are urothelial
papillomas, inverted papillomas, villous adenomas, and squamous
papillomas.21–24 Most lesions are incidental findings and show simi-
lar histology to bladder cases.21–24 Synchronous inverted papilloma
of the urinary bladder and the renal pelvis may occur.24 Benign
epithelial tumors are rare in the upper urinary tract.18

Urothelial carcinoma
Carcinomas arising in the renal pelvis and calyces are twice as com-
mon as those of the ureter.25,26 Multifocality is frequent as it is the
association with a bladder neoplasm.18,25,27 Bilateral synchronous or
metachronous ureteral and renal pelvic carcinomas may occur.11,14–16

Etiologic and predisposing factors additional to those for bladder
malignancy include phenacetin abuse, papillary necrosis, Balkan
nephropathy, thorium-containing radiologic contrast material, uri-
nary tract infections, or nephrolithisis.9,25 Some tumors of the ureter
are associated with hereditary non-polyposis colon cancer syn-
drome (Lynch syndrome).27 Grossly, tumors may be papillary, poly-
poid, nodular, ulcerative, or infiltrative (Figure 9.1). Some tumors
distend the entire pelvis while others ulcerate and infiltrate, causing
thickening of the wall.10,12,15,19,20,25 A high-grade tumor may appear as
an ill-defined mass that involves the renal parenchyma, mimicking a
primary renal cell carcinoma.25 Hydronephrosis and stones may be
present in renal pelvic tumors while hydroureter and/or stricture
may accompany ureteral neoplasms18 (Figure 9.2). At histology,
renal pelvis and bladder urothelial malignancies mirror bladder
urothelial neoplasia and, therefore, occur with similar histology
including papillary non-invasive or invasive tumors, carcinoma in
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Squamous differentiation in an otherwise urothelial carcinoma is
seen in about 40% of cases of the renal pelvis.2 Pure squamous cell
carcinomas are usually high-grade and high-stage tumors and fre-
quently invade the kidney; they usually occur in the background of
nephrolithiasis, chronic inflammation, or in association with squa-
mous metaplasia.25,49 Some squamous cell carcinomas may present
with hypercalcemia, but they are unrelated to Epstein–Barr virus
infection.50 Survival at 5 years’ follow-up is poor.25,49

Adenocarcinoma
Pure adenocarcinomas of the renal pelvis and ureters are rare, showing
similar morphologic types as in the bladder (enteric, mucinous, or

signet-ring cell).33,39,51 Glandular (intestinal) metaplasia, nephrolithi-
asis, and repeated infections are predisposing factors. Most adenocar-
cinomas are high-grade and are widely invasive at presentation.51,52

Soft tissue tumors of renal 
pelvis and ureter
Rare examples of non-epithelial tumors and tumor-like conditions
arising in the renal pelvis and/or ureter have been described includ-
ing leiomyoma, neurofibroma, fibrous-histiocytoma, hemangioma,
lipoma, and hibernoma glomus tumor.10,53–59 Fibroepithelial polyp is
a tumor-like condition growing as an exophytic intraluminal mass
of vascular connective and inflammatory cells covered by normal
urothelium; rare cases may have a prominent peudosarcomatous
stroma.60 Malignant soft tissue tumors include leiomyosarcoma and
less frequently rhabdomyosarcoma, osteosarcoma, fibrosarcoma,
angiosarcoma, malignant schwannoma, and Ewing sarcoma; 

Table 9.1 WHO histologic classification of tumors of
renal pelvis and ureter

Epithelial tumors
Benign
Urothelial papilloma
Inverted papilloma
Squamous cell papilloma
Villous adenoma
Malignant
Urothelial carcinoma

nested
microcystic
inverted
micropapillary
clear cell
with squamous differentiation
with glandular differentiation
lymphoepithelioma-like
sarcomatoid
giant cell

Squamous cell carcinoma
Adenocarcinoma
Small cell carcinoma
Undifferentiated carcinoma

Non-epithelial tumors
Benign
Fibroepithelial polyp
Leiomyoma

fibrous-histiocytoma
Neurofibroma
Hemangioma
Lipoma
Hibernoma
Malignant
Leiomyosarcoma

Rhabdomyosarcoma
Fibrosarcoma
Angiosarcoma

Osteosarcoma
Malignant schwannoma

Miscellaneous
Pheochromocytoma
Carcinoid

Lymphoma
Plasmacytoma
Wilms’ tumor
Choriocarcinoma
Malignant melanoma

Figure 9.1 
Papillary urothelial carcinoma of the renal pelvis.

Figure 9.2 
Papillary urothelial carcinoma of the ureter.
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gastrointestinal stromal tumor-like lesions as well as myofibroblas-
tic proliferations may occur.54–60

Other tumors
Few cases of ureteric pheochromocytoma have been reported.10,54–60

Pelvic and ureteric carcinoid is similarly rare and must be differenti-
ated from metastatic disease. Small cell carcinoma of the renal pelvis
is a rarity observed in elderly patients.10,40 These aggressive tumors
usually contain foci of urothelial carcinoma and have a typical 
neuroendocrine immunohistochemical profile. Renal pelvic and
ureteric lymphomas are usually associated with systemic disease,
while localized pelvic plasmacytoma has been reported.61 Wilms
tumor confined to the renal pelvis or extending into the ureter and
cases of malignant melanoma of the renal pelvis may be seen rarely
in the literature.10,53 A curious case of tumor-like lesion of the renal
pelvis composed of Liesegang rings has been reported.62

The urethra
This category includes epithelial and non-epithelial neoplasms of the
male and female urethra, from the urinary bladder to the urethral
meatus, and tumors arising in the accessory glands (Cowper and Littre
glands as well as Skene glands in the female) (Table 9.3).26 Epithelial
tumors of the urethra are rare and three to four times more common
in women than in men.26 Urethral carcinomas occurring in men are

Figure 9.3 
Surface (above) and deep (below) aspects of a urothelial
carcinoma of the renal pelvis with inverted growth.

Figure 9.4 
Sarcomatoid urothelial carcinoma primary in the renal pelvis
with myxoid appearance.

Table 9.2 TNM classification of tumors of the renal
pelvis and ureter

T – Primary Tumor
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Non-invasive papillary carcinoma
Tis Carcinoma in situ

T1 Tumor invades subepithelial connective tissue
T2 Tumor invades muscularis
T3 (Renal pelvis) Tumor invades beyond muscularis into

peripelvic fat or renal parenchyma
(Ureter) Tumor invades beyond muscularis into
periureteric fat

T4 Tumor invades adjacent organs or through the kidney
into perinephric fat

N – Regional Lymph Nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single lymph node 2 cm or less in greatest

dimension
N2 Metastasis in a single lymph node more than 2 cm but

not more than 5 cm in greatest dimension, or multiple
lymph nodes, none more than 5 cm in greatest dimension

N3 Metastasis in a lymph node more than 5 cm in greatest
dimension

M – Distant Metastasis
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
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Inverted papilloma has also been reported in the urethra.63 The his-
tologic features are identical to neoplasms described in the urinary
bladder and other sites. Villous adenoma of the urethra has been
shown to occur associated with tubulo-villous adenoma and adeno-
carcinoma of the rectum.64

Carcinoma of the urethra
Tumors involving the distal urethra and meatus are most common
and appear as exophytic nodular, infiltrative, or papillary lesions
with frequent ulceration.65–70 Tumors involving the proximal urethra
that are urothelial exhibit macroscopic diversity with cases showing
papillary growth, carcinoma in situ (erythematous or white plaque-
like), or the nodular/infiltrative growth of invasive carcinoma26,65–69

(Figure 9.5). Adenocarcinomas are often large infiltrative or expan-
sile neoplasms which may have an exophytic surface.70–75 They can be
mucinous, gelatinous, or cystic. These tumors may occur within ure-
thral diverticulum26,70–75 (Figure 9.6). Other tumors may occur in the
penile urethra, bulbomembranous urethra, or the prostatic urethra,
which often determines the gross and histologic appearance. These
tumors may grow as ulcerative, nodular, papillary, cauliflower-like,
or ill-defined lesions.26 At histology, there are some differences
between female and male urethral carcinomas, mainly because of
the different anatomic location. Distal urethral and meatus tumors
are squamous cell carcinomas (70%), and tumors of the proximal ure-
thra are urothelial carcinomas (20%) or adenocarcinomas (10%).65–75

Squamous cell carcinomas of the urethra span the range from well-
differentiated (including the rare verrucous carcinoma), to moderately
differentiated (most common), to poorly differentiated.65–75

Figure 9.5 
Urothelial carcinoma of the urethra showing papillary and
invasive components, arising in a diverticulum.

strikingly different in clinical and pathologic features when com-
pared to tumors in women. This difference seems to be attributable
to the distinct differences in the anatomy and histology of the ure-
thra in the two sexes.26 Benign epithelial tumors are exquisitely rare
in the urethra of either sex. Congenital diverticulum, as well as
acquired strictures of the female urethra, contribute to the female
preponderance of carcinomas. Columnar and mucinous adenocar-
cinomas are thought to arise from glandular metaplasia, whereas
cribriform adenocarcinoma that shows PSA staining seems to origi-
nate from Skene glands.26

Benign epithelial tumors of
the urethra
Tumors occurring in males are similar to those in the female urethra.
Some reports on squamous papilloma, villous adenoma, and urothe-
lial papilloma of the urethra are available but overall are rare.26

Table 9.3 Histologic classification of the tumors 
of the urethra

Epithelial tumors
Benign
Squamous papilloma
Villous adenoma
Urothelial papilloma including inverted papilloma
Malignant
Primary

squamous cell carcinoma
urothelial carcinoma
adenocarcinoma

clear cell carcinoma
non-clear cell carcinoma

enteric
colloid (mucinous) carcinoma
signet-ring cell carcinoma
adenocarcinoma, not otherwise specified (NOS)

adenosquamous carcinoma
neuroendocrine carcinoma
undifferentiated carcinoma

Secondary

Non-epithelial tumors
Benign
Leiomyoma
Hemangioma
Glomangiomyoma
Malignant
Malignant melanoma
Non-Hodgkin-lymphoma
Plasmocytoma

Tumor-like lesions
Fibroepithelial polyp
Prostatic polyp
Carcuncle
Condyloma accuminatum
Nephrogenic adenoma (metaplasia)

Tumors of accessory glands
Malignant
Carcinoma of Skenes, Littres, and Cowpers glands
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Urothelial neoplasms may be non-invasive, papillary low-grade
or high-grade carcinomas, carcinoma in situ, or invasive urothelial
carcinoma.66,69 Carcinoma in situ may involve suburethral glands,
focally or extensively, a fact that should not be mistaken as invasion.
Deeply invasive carcinomas are high grade, with or without papillary
component, and characterized by irregular nests, sheets, or cords of
cells accompanied by a desmoplastic and/or inflammatory response.
Tumors may exhibit squamous or glandular differentiation or
unusual morphologic variations (nested, microcystic, micropapillary,
clear cell, or plasmacytoid).3 A small cell or sarcomatoid carcinoma
component is rarely seen.72 In the penile and bulbomembranous
urethra about 75% of carcinomas are squamous cell carcinoma fol-
lowed by urothelial carcinomas (usually prostatic urethra and less
commonly bulbomembranous and penile urethra), adenocarcino-
mas (usually bulbomembranous urethra), or undifferentiated carci-
noma.65–75 Squamous cell carcinomas are similar in histology to
invasive squamous cell carcinomas at other sites.

Urothelial carcinoma may involve the prostatic urethra, exhibiting
the same grade and histologic spectrum described in the female
urethra. It may be synchronous or metachronous to bladder neopla-
sia. Features unique to prostatic urethral urothelial cancers are the
frequent proclivity of high-grade tumors to extend into the prostatic
ducts and acini in a pagetoid fashion.66

Adenocarcinoma of the female urethra may be seen in the form of
two patterns, clear cell adenocarcinoma (approximately 40%) and
non-clear cell adenocarcinoma (approximately 60%), the latter 
frequently exhibiting similar patterns as in other portions of the 
urinary tract (enteric, mucinous, signet-ring cell, or adenocarci-
noma not otherwise specified). Clear cell adenocarcinomas are
usually characterized by pattern heterogeneity within the same neo-
plasm and show solid, tubular, tubulocystic or papillary patterns
(Figure 9.7). The cytologic features vary from low-grade (resembling
nephrogenic adenoma focally) to high-grade (more frequently).
Necrosis, mitotic activity, and extensive infiltrative growth are com-
monly observed. The relationship to nephrogenic adenoma remains
uncertain.65–75

Urothelial neoplasms are graded as outlined in the urinary
bladder.26,45 Adenocarcinomas and squamous cell carcinomas are
usually graded following similar carcinomas in other organs – well-,
moderately, and poorly differentiated carcinomas using the classic
criteria of degree of differentiation.26 Bulbourethral gland carcino-
mas may show a mucinous, papillary, adenoid cystic, acinar, or

tubular architecture.26 Female periurethral gland adenocarcinomas
are clear cell or mucinous and often show prostate specific antigen
immunoexpression.

There is a separate Tumor Node and Metastases (TNM) staging
system for tumors of the urethra (Table 9.4).46 The overall prognosis
is relatively poor.26 Tumor stage and location are important prog-
nostic factors.65–75 In females and males, proximal tumors have
better overall survival than distal tumors (51% for proximal versus
6% for distal in females, and 50% for proximal and 20% 5-year sur-
vival for distal tumors in males).26 In both sexes, high pT tumor
stage and the presence of lymph node metastasis are adverse prog-
nostic parameters.26 A number of tumor-like conditions entering
the differential diagnosis of urethral carcinoma include nephrogenic
metaplasia (adenoma), fibroepithelial and prostatic polyps, condy-
loma acuminatum, and caruncle.69

Figure 9.6 
Urothelial carcinoma in situ extending through periurethral
ducts.

Figure 9.7 
Clear cell adenocarcinoma of the urethra showing (A) tubular,
(B) solid, and (C) papillary pattern.
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Deletions on chromosome 9p and 9q occur in 50–75% of all patients
and frequent deletions at 17p in addition to p53 mutations are seen
in advanced invasive tumors. Between 20 and 30% of all upper uri-
nary tract cancers demonstrate MSI and loss of the mismatch repair
proteins MSH2, MLH1, or MSH6.81 Mutations in the sequences of
TGFß-RII, Bax, MSH3, and MSH6 genes are found in 20–33% of
cases with MSI, indicating a molecular pathway of carcinogenesis
that is similar to some mismatch repair-deficient colorectal cancers.26

Tumors with MSI have different clinical and histologic features
including low tumor stage and grade, papillary growth, and a higher
prevalence in female patients; some of these tumors exhibit an
inverted growth pattern.81–85

Squamous cell carcinoma of the urethra is associated with human
papillomavirus (HPV) infection in female and male patients.84,85

High-risk HPV 16 or 18 may be detected in up to 60% of urethral
carcinomas in women. In men, about 30% of squamous cell carci-
nomas tested positive for HPV16; tumors in the bulbar urethra are
usually negative. Some HPV16-positive tumors might have a more
favorable prognosis.26 Low-risk HPV infection plays a crucial role in
the etiology of condyloma acuminatum of the urethra. The associa-
tion of urothelial carcinoma with HPV, both in the urethra and the
urinary bladder, remains controversial, but the variable reported
incidence might be related to geographic or demographic issues.86
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mixed/incompletely differentiated 195, 196

gonadoblastoma 196
clinical features 197
epidemiology/morphology/cytogenetics 196

grading 27–31
nuclear grading systems 29
prostate cancer 121–2

non-Gleason grading 116
see also Gleason grading 

systems 27
granular cell tumors 80
granulosa cell tumors

adult type 194, 194
immunoreactivity 190
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basal cell carcinoma of prostate 134
prostate cancer 96, 98, 98, 99, 105
urothelial tumors 63, 78

residual disease detection 145
Pagetoid carcinoma in situ 60
papillary adenoma of epididymis 203
papillary carcinoma of penis 222, 222
papillary cystadenoma of epididymis 203
papillary mesothelioma of tunica vaginalis testis 204
papillary RC adenomas 6, 6
papillary RC neoplasms, sarcomatoid change in 6
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papillary RCC 6, 6, 7, 19–20
genetics 20
histotype 24
staging 26

papillary urothelial carcinoma, non-invasive 63, 63
histologic features 64

papillary urothelial neoplasia 62
low malignant potential, follow-up of 63
non-invasive 60–3

benign 61–2
carcinoma 63
high grade 64
histologic features 64
low malignant potential 62

histologic features 64
papillomas

histologic features 64
inverted 61–2, 62
urothelial 61

paragangliomas see pheochromocytomas 
parvalbumin 24, 24
pathogenesis of early bladder cancer 84
pathology reporting of circumcision/penectomy specimens 233–4
pediatric tumors

germ cell tumors 164
granulosa cell tumors 195
juvenile rhabdomyosarcomas 206
Leydig cell tumors 191
melanotic neuroectodermal tumor of infancy 205
Wilms’ tumors 35–6

pelvic lymph node assessment 128–30
intra-operative 128–9
isolated tumor cells 129, 129
routine processing/reporting 129, 129

pelvic lymphadenectomy, prognosis after 121, 124
penectomies

partial 227, 233
pathology reporting 233–4
total 233

penile cancers
association with HPV 218, 228
association with lichen sclerosus 229
grading, histologic 226
groin metastases 226
location, anatomic 226
patterns of growth 226
prognostic factors 228
prognostic index system 227–8
resection margins 227
routes of tumor spread 228
scoring system 227
specimen handling 233
staging 228
subtypes, histologic 226
tumor invasion

anatomic levels 227
depth of 226–7
vascular/perineural 227

tumor size 226
penile lesions, precancerous 228–9
penis, rare tumors of

carcinoma cuniculatum 225, 225
clear cell carcinoma 225–6
giant condylomas 224, 224
pseudohyperplastic carcinomas 225, 225

penis, squamous cell carcinoma of 215–29
association with HPV 215, 218
clinical features 215–16
definition 215

epidemiology/etiology 215
exophytic mass 216
morphology 216–24

adenosquamous carcinomas 224, 224
basaloid carcinomas 217–18
condylomatous (warty) carcinomas 218–19
cut surface 216, 216, 217, 218, 220
flat lesions 216
gross appearance 216, 217
microscopic appearance 218, 219
papillary carcinoma 222, 222
sarcomatoid carcinomas 222–4, 223
SCC of usual type 216–17
verrucous carcinoma 219–21

multicentric preputial carcinoma 217
squamous hyperplasia 229
staging 228, 228

perinuclear ‘halo’ 7, 7
Pheochromocytoma of the Adrenal gland Scaled Score (PASS) 51
pheochromocytomas (paragangliomas) 43, 50–1, 50, 51, 80

composite 51, 52
zellballen pattern 50, 51

phimosis 216
pigmented congenital epulis 205
PIN see prostatic intra-epithelial neoplasia 
placenta-like alkaline phosphatase (PlAP) 164
placental site trophoblast tumors 180
plasmacytoma-like carcinoma 69, 69
plasmacytomas

prognosis 201
of testis 201

polyembryomas 179, 179
postoperative spindle cell nodule 79, 139
primary pigmented nodular adrenocortical disease (PPNAD) 44–5, 44
primary primitive neuroectodermal tumors 83, 83
primitive neuroectodermal tumor (PNET) 184
Prognostic Factor Project Committee 130
prognostic factors

application of 121
bladder cancer 73
histologic 30, 32, 32
invasiveness 27, 67
lymph node involvement 26
metastasis 27
mixed germ cell tumors 186
morphologic 25–34, 73–4

carcinoma in situ 74
collecting system invasion 33–4
grading 27–31, 29, 73
histologic subtype 31–2, 31
histologic tumor necrosis 33
necrosis 34
sarcomatoid features 32
SSIGN score 34
staging 25–7, 73–4
TNM 26, 26
tumor numbers 74
tumor size 27, 74

prostate cancer 121–30
advanced disease 130
biomarkers predicting progression 128
biopsies 121–4, 121
histologic type 125–30

grading 125
staging 125, 125, 127

invasion
local 122–3, 126
perineural 123, 123, 128
vascular/lymphatic 123, 123, 128
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prognostic factors (Continued)
localized 129
after pelvic lymphadenectomy 121, 124
after radical prostatectomies 121, 124
surgical margins 126–8
tumor volume 128

seminomas 173
squamous cell neoplasms of prostate 137
urothelial carcinoma of prostate 137
urothelial carcinomas of renal pelvis/ureters 235
venous involvement 27

prognostic markers, molecular 83–4
prostate cancer 123–4

prostate cancer 91–145
clinical information 124
diagnosis, tissue 101
diagnostic criteria 102–5, 103

focal neuroendocrine differentiation 105
immunohistochemistry 103–5
macroscopic 102, 102
microscopic 102–3

architecture 102, 103
cytology 102–3, 103
luminal findings 103, 103
stromal findings 103, 103

extraprostatic extension (EPE) 126
in extraprostatic fat 123
genetics

androgen receptors 133
DNA methylation 132–3
inherited susceptibility 131–2
somatic gene alterations 132

histologic classification 106–10, 107
imaging 100
laboratory tests 100
miscellaneous tumors 142
non-epithelial tumor-like conditions 139–41

classification 139
in periprostatic fat 126
preneoplastic lesions/conditions 93–6
prognosis 121–30

advanced disease 130
biomarkers predicting progression 124, 128
biopsies 121–4
histologic type 125–30

grading 125
staging 125, 125, 127

invasion
local 122–3, 126, 126
perineural 123, 123, 128
vascular/lymphatic 123, 123, 128

localized disease 129
pelvic lymph node assessment 128–30
surgical margins 126–8
tumor volume 128

rare tumor forms 134–8
residual (R classification) 127–8, 128

specimen handling 144–5
secondary tumors 142
signs/symptoms 100
stromal cells, atypical 141
treatment effects 117–20

androgen manipulation 118
see also androgen manipulation; radiotherapy effects 

prostate gland, normal 94
risk of carcinoma on rebiopsy 95

prostate-specific antigen (PSA) 103
in ASAP 97, 99
in ductal adenocarcinomas 108

effects of radiotherapy 120
effects of testing 103
in HGPIN 95
as immunohistochemical marker 103
in mucinous adenocarcinomas 107
in oncocytic adenocarcinomas 107–8
residual tumor detection 118
in seminal vesicle adenocarcinomas 157

prostatic acid phosphatase (PAP) 103, 104
in ductal adenocarcinomas 108
after radiotherapy 120
in seminal vesicle adenocarcinomas 157

prostatic blue nevus 141
prostatic ductal adenocarcinomas 108
prostatic intra-epithelial neoplasia (PIN) 93–4

androgen manipulation, effects of 117–18
as diagnostic criterion for cancer 103
radiotherapy effects 119–20
see also high-grade PIN; low grade PIN 

psammoma bodies 6, 9
pseudohyperplastic carcinomas

of penis 225, 225
of prostate 106

pseudomalignant (pseudosarcomatous) spindle cell proliferations 139–40
pseudosarcomatous myofibroblastic proliferations 79
pseudotumors

features, gross/microscopic 18, 18
inflammatory 139–40

PTEN gene 132

race and germ-cell tumors 165
radical prostatectomies

and biomarkers predicting progression 128
Gleason grading 114–15

discrepancies with needle biopsy 115–16
prognosis after 121, 124
pT0 residual cancer search 144–5
required reporting 124
specimen handling 143–4, 144, 145

radiotherapy effects 120
long-term efficacy 120
PIN 119–20
prostatic cancer 120

RCC see renal cell carcinomas 
renal cell carcinomas (RCC)

epidemiology 2
etiology 2
grading 27–31

systems 27
staging 25, 25, 26
subgroups 26

renal cell neoplasms 3
renal cortical masses 2
renal nodules, cortical 2
renal oncocytomas 21

features, gross/microscopic 8–9, 9
genetics 21, 21, 22
histotype 24

renal pelvis tumors 235–7
classification 236

renal tumors 1–41
classification 3, 3
clinical history 2
common (frequent) 4–11
in end-stage renal disease 16, 16
epidemiology 2
etiology 2
pathology 3–18
rare 11–16
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specimen handling 4, 4
sporadic vs familial 19
tumor-like lesions (pseudotumors) 18, 18

renomedullary interstitial cell tumors 13, 13
resection margins see margins, surgical 
rete testis carcinoma 201–2

clinical features 201–2
epidemiology 201
morphologic criteria 202
morphology 201

rete testis, tumors of 201
retina-like epithelium, pigmented 182
retinal anlage tumor 205
rhabdoid tumors 36
rhabdomyoblastic differentiation 183
rhabdomyosarcomas 81–2

alveolar 81–2
botryoid embryonal 81
juvenile 206

RNASEL gene 131

S100A1 24, 24
sarcomas 82

of prostate 141
undifferentiated 82

sarcomatoid carcinomas
+/- heterologous elements 71–2, 71
osteosarcomatous differentiation 72
of penis 222–4, 223
of prostate 109–10, 109

sarcomatoid change
clear cell RCC 5, 33
papillary renal cell neoplasms 6
as prognostic factor 32, 32, 33

SCC see squamous cell carcinomas 
Schiller–Duval bodies 178
sclerosing lipogranuloma 208
sclerosing Sertoli cell tumors 191
secondary carcinoma

involving bladder 77–8
differential diagnosis 78

prostate 142
see also metastases 

seminal vesicle invasion (SVI) 126, 127
seminal vesicle sampling 144
seminal vesicles, tumors of 157–9, 157

epithelial 157
epithelial–stromal mixed 157, 157
mesenchymal 158–9, 158

seminomas 164, 170–3
age of patients 167

at orchiectomy 167
clinical features 173
cytogenetics 173, 175
differential diagnoses 191–3
epidemiology 170
mixed tumors 185, 196
morphology 170–2
‘pagetoid’ cytoplasm infiltrate 173, 173
prognostic factors 173
tumor spread 173
vs spermatocytic seminomas 174
see also spermatocytic seminomas 

sentinel lymph nodes 233
Sertoli cell tumors 191–3

cytogenetics 193
differential diagnoses 191–3
epidemiology 191
gross appearance 192

immunohistochemistry 193
immunoreactivity 190
lipid-rich variant 191, 192
malignancy criteria 191
microscopic appearance 192
mixed tumors 195, 196
morphology

benign 191–3
malignant 193

see also large cell calcifying Sertoli cell tumor 
sex cord/gonadal stroma tumors

frequency/patient age 189, 189
immunoreactivity 190

sex cord tumors 189–95
signet-ring cell adenocarcinomas 107
Skinner grading system 28
small cell carcinoma

of prostate 109, 109
of urinary bladder 68, 77, 77

smoking see tobacco smoking 
soft tissue tumors

of renal pelvis/ureters 236–7
of spermatic cord 205–6

solitary fibrous tumors 80, 159
somatic gene alterations 132, 132
somatic-type tumor in teratoma 184
specimen handling

adrenal gland specimens 53
bladder specimens checklist 75
lymphadenectomy 208
penile cancers 233
prostate specimens

biopsies 143
macroscopic examination 144
radical prostatectomies 143–4, 144, 145
TURP specimens 143

radical prostatectomies 144–5
renal tumors 4, 4
residual masses 208
sampling sites

prostate 143
renal 4

testicular specimens 208
sperm granuloma of epididymis/vas deferens 208
spermatocytic seminomas 173–5

age of patients 167
clinical features 175
cytogenetics 175, 175
epidemiology 174
gross appearance 174, 174
microscopic appearance 174, 174
tumor spread 175
vs classical seminomas 174

splenogonadal fusion 208
squamous cell carcinomas (SCC)

of penis see penis, squamous cell carcinoma of 
of renal pelvis/ureters 235–6
of urinary bladder 75, 76

causes 57
verrucous form 75, 76

squamous cell neoplasms of prostate 137
squamous hyperplasia 229
SSIGN (Stage, Size, Grading and Necrosis) score 33, 34
staging 25–7

adrenocortical carcinomas 48, 49
bladder cancer 63–4
germ cell tumors 188, 188
penile cancers 228, 228
prostate cancer 125, 125, 127
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staging (Continued)
urethral tumors 239, 240
urothelial carcinoma of prostate 137

stromal cells, atypical 141
stromal mixed tumors see mixed epithelial/stromal tumors 
subclinical autonomous glucocorticoid hypersecretion (SAGE) 43
surgical margins see margins, surgical 
survival rates

by grade 28, 29
by histologic subtype 32, 32
by histotype 30
by presence of necrosis 34
by SSIGN score 34
by TNM stage 26, 26
by tumor size 27

susceptibility loci in prostate cancer 131
syncytiotrophoblastic giant cells 70, 70, 180, 180
Syrianen and Hjelt grading system 28

t(6;11) translocation-induced RCC 12, 12
Tamm–Horsfall protein 18, 18

extravasion 18, 18
teratocarcinomas 186
teratomas 164, 165

age of patients 167
cartilage in 182
classification 182
clinical features 185
cysts 181
cytogenetics 183
epidemiology 180
frequency of differentiated tissue 183
gross appearance 180, 181
immature 181, 182
lined by respiratory-type epithelium 181, 181
mature 181
mixed tumors 186
morphology 180–3
with somatic type malignancy 182, 185

testicular metastases 202
most frequent sites 202

testicular microlithiasis 166–7, 167
associated conditions 167

testicular/peritesticular tumors 161–208
classification

‘British classification’ 162–3, 163, 164
WHO 162, 164

rare tumor forms 202
tumor-like lesions 206–8, 206

testis, miscellaneous tumors of 198–208
testotoxicosis 206, 207
thecomas 195
Thoenes grading system 28
TNM staging system

bladder cancer 73
germ cell tumors 188, 188
penile cancers 228, 228
prostate cancer 125, 125

proposed modifications 127
renal tumors 25–6, 25
tumors of renal pelvis/ureters 237
urethral tumors 239, 240

tobacco smoking
as cause of bladder cancer 57
as cause of kidney cancer 2

transurethral resection of prostate 
(TURP) 101

specimen handling 143
treatment failure nomogram 34

trophoblastic neoplasia
clinical features 180
cytogenetics 180
epidemiology 179
morphology 179–80

TSC2/PKD1 contiguous gene syndrome 10
tuberous sclerosis 21

angiomyolipoma in 9
tumor genetics 19–22
tumor-like lesions 52–3, 206–8, 206
tumor necrosis, histologic 33
tumor nodes metastasis (TNM) staging system

see TNM staging system 
tumor proliferation markers 83
tumor spread

embryonal carcinomas 176
germ cell tumors (GCTs) 186
mesothelioma of tunica vaginalis testis 205
mixed germ cell tumors 186
non-seminomatous germ cell tumors (NSGCTs) 186
penile cancers 228
seminomas 173
spermatocytic seminomas 175

tumor volume 128
prostate cancer 122

tumorectomy 4
TURP see transurethral resection of prostate 

UCLA Integrated Scoring System (UISS) 34
UICC prognostic factor initiatives 130
ureteric tumors 235–7

classification 236
urethral tumors 237

association with HPV 240
benign epithelial tumors 238
carcinoma 238–9, 238
classification 238
genetics 240
leiomyomas 240
malignant melanoma 240
molecular pathways 240
non-epithelial 240
staging 239, 240

urinary bladder tumors 57–85
gender ratios 57
recurrence rates 57, 58
secondary carcinoma 77–8

differential diagnosis 78
soft tissue tumors 78

benign 79–80
malignant 80–3

see also bladder cancer 
urothelial carcinomas of bladder

clear cell (glycogen-rich) 70–1, 71
with endophytic (inverted) growth 70, 70
epididymal metastases 202
giant cell carcinoma 70
gross appearance 64
invasive 65–7, 68

with glandular differentiation 67–8, 67
grading 65
histologic variants 67–73
lamina propria invasion 65, 66–7
muscularis mucosae invasion 65, 66
muscularis propria invasion 65
nested variant 68
with squamous differentiation 67, 67
stage T1 65–6
stages T2-4 67
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lipoid cell variant 72, 72
with mixed differentiation 67–8
in perivesical fat and uterus 65
with prominent stromal reaction 72–3
sarcomatoid carcinoma +/- heterologous elements 71–2
in situ 59–60, 60

growth patterns 60
small cell carcinoma 68, 77
with syncytiotrophoblastic giant cells 70, 70
undifferentiated 72

urothelial carcinomas of prostate 137, 137
urothelial carcinomas of renal pelvis/ureters 235, 236, 237
urothelial neoplasia

classification 61
dysplasia 59, 59
flat intra-epithelial lesions 58–60, 59
histologic type 61
hyperplasia 59, 59
non-invasive 60–3

benign 61–2
carcinoma 63
classification 59
low malignant potential 62

prognostic morphological factors 73–4
urothelial papillomas 61, 62
urothelial tumors

malignant mesenchymal tumors 78
multiple, clonality analysis of 85
vascular invasion 66, 74

urothelium, normal 59

vascular invasion
Leydig cell tumors 190, 191
lymphovascular invasion 74
urothelial tumors 66, 74

vasitis/epididymitis nodosa 208
venous involvement as prognostic factor 27
verruciform lesions 222
verrucous carcinoma of penis 219–21

multicentric 221
verrucous hyperplasia 221
VHL gene inactivation 19, 20
villous adenoma 62
vimentin 47, 70
von Hippel–Lindau syndrome 19

warty carcinomas see condylomatous carcinomas 
Wilms’ tumors see nephroblastomas 

xanthogranulomatous pyelonephritis 16, 17, 18
Xp11.2 translocation-induced RCC

features, gross/microscopic 11–12, 11
genetics 22, 22

yolk sac tumors 164, 165, 177–9
age of patients 167
clinical features 179
cytogenetics 179
epidemiology 177
histologic patterns 178
immunohistochemistry 179
intracellular hyaline globules 178, 178
microcystic type 178
microscopic appearance 178
morphology 177
multiple cysts 177
papillary type 178

zellballen pattern 50, 51
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